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Objective: Recent studies have suggested that infectious organisms play a role in vascular diseases. In this study, to explore
a possible link between oral infection and Buerger disease, we investigated whether oral (periodontal) bacteria were
present in occluded arteries removed from patients with characteristic Buerger disease.
Methods: Fourteen male patients with a smoking history who had developed characteristics of Buerger disease before the
age of 50 years were included in this study. Occluded arteries, including superficial femoral (n � 4), popliteal (n � 2),
anterior tibial (n � 4), and posterior tibial (n � 4) arteries, were removed and studied. A periodontist performed a
periodontal examination on each patient and collected dental plaque and saliva samples from them at the same time. The
polymerase chain reaction method was applied to detect whether seven species of periodontal bacteria—Porphyromonas
gingivalis, Tannerella forsythensis, Treponema denticola, Campylobacter rectus, Actinobacillus actinomycetemcomitans,
Prevotella intermedia, and Prevotella nigrescens—were present in the occluded arteries and oral samples. In addition,
arterial specimens from seven control patients were examined by polymerase chain reaction analysis.
Results: DNA of oral bacteria was detected in 13 of 14 arterial samples and all oral samples of patients with Buerger
disease. Treponema denticola was found in 12 arterial and all oral samples. Campylobacter rectus, Porphyromonas gingivalis,
Prevotella intermedia, Tannerella forsythensis, and Prevotella nigrescens were found in 14% to 43% of the arterial samples
and 71% to 100% of the oral samples. A pathologic examination revealed that arterial specimens showed the characteristics
of an intermediate-chronic–stage or chronic-stage lesion of Buerger disease. All 14 patients with Buerger disease had
moderate to severe periodontitis. None of the control arterial samples was positive for periodontal bacteria.
Conclusions: This is the first study to identify oral microorganisms in the lesions of Buerger disease. Our findings suggest
a possible etiologic link between Buerger disease and chronic infections such as oral bacterial infections. ( J Vasc Surg

2005;42:107-15.)
Studies have suggested that infectious organisms such as
Chlamydia pneumoniae, Helicobacter pylori, cytomegalovirus,
and oral (periodontal) gram-negative bacteria may play a role
in arterial diseases such as atherosclerosis and related disorders.
These organisms have been observed in carotid, coronary, and
aortic atherosclerotic plaques.1-4 A previous investigation in
our laboratory detected several species of oral bacteria in
aneurysmal walls and thrombi of patients with abdominal
aortic aneurysms (AAAs).5 In this study, we focused on
Buerger disease from the same point of view.

Buerger disease, described first by Winiwarter in
1878,6 is a nonatherosclerotic, recurrent, segmental,
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inflammatory occlusive vascular disease of unknown eti-
ology. Leo Buerger gave a detailed description of this
disease7 in 1908. It mainly affects medium-sized arteries,
veins, and the nerves of both the lower and upper
extremities. Buerger disease primarily occurs in male
smokers. The incidence among women is less than 5.4%
in Japan,8 but some researchers have reported more
frequent occurrences in women in Europe and the
United States.9-11 Infection has been regarded as an
important etiologic factor for years, although no micro-
organisms have ever been identified from vascular le-
sions. As early as 1928, Allen and Brown12 mentioned
the possibility that infection foci in the mouth were
contributory. In the study described here, we searched
for a possible link between oral bacteria and Buerger
disease because smoking, periodontitis, and Buerger dis-
ease seem to be related. Smoking worsens periodontitis
and apparently aggravates the oral condition.13 Peri-
odontitis is an infection that involves tooth-supporting
tissue, including the gingiva, periodontal membrane,
and alveolar bone. It affects approximately 30% of the
population in Western countries and 70% to 80% of the
population in Japan.13-15 The polymerase chain reaction
(PCR) method, which can detect bacteria in tissue sam-
ples with high sensitivity,16-17 was used to determine
whether oral bacteria were present in arterial and oral

samples from patients with Buerger disease.

107



JOURNAL OF VASCULAR SURGERY
July 2005108 Iwai et al
MATERIALS AND METHODS

Fifteen patients, who had been given a clinical diagnosis
of Buerger disease on the basis of Shionoya’s criteria8 and
angiographic findings (Fig 1, A) and who had undergone
removal of an occluded arterial segment between April
2003 and May 2004 at our institution, were enrolled in this
study after they provided informed consent. All the patients
had typical characteristics of Buerger disease, including a
smoking history, disease onset before the age of 50 years,
occlusive lesions in the infrapopliteal artery, either upper
limb involvement or phlebitis migrans, and an absence of
risk factors, except for smoking, for atherosclerosis. In
accordance with Shionoya’s criteria, development of addi-
tional risk factors for atherosclerosis during the course of
Buerger disease did not alter the diagnosis. Pathologic
examinations were performed to confirm the diagnosis of
Buerger disease (Figs 1, B and 2). One patient, whose
disease was finally diagnosed microscopically as fibromus-
cular dysplasia of the tibial artery, was excluded from this
study.

The clinical characteristics of the 14 subjects are shown
in Table I. Their mean age was 60 years (range, 39-73
years), and their mean age at the onset of Buerger disease
was 37 years. The principal symptoms of Buerger disease
include necrosis or ulceration of the toes or feet, rest pain,
and claudication. Confirmation of upper extremity involve-
ment was based on the clinical assessment of signs and
symptoms (cyanosis or paleness of the fingers), angio-
graphic findings, or Allen’s test.18 The extent of arterial
occlusion caused by Buerger disease was classified in four
degrees according to the involved arteries, as follows: (1)
below the knee joint; (2) 1 plus above the knee joint; (3) 1
plus 2 plus external iliac; and (4) 1 plus 2 plus 3 plus
common iliac or aorta. In Japan, symptomatic atheroscle-
rosis is usually observed in persons older than 60 years, so
patients older than 60 years were examined angiographi-
cally to see whether there were any suggestive changes,
such as hard, irregular, or calcified luminal walls or irregu-
larity of the aorta.

The 14 patients with Buerger disease had undergone
removal of an occluded segment of the superficial femoral
artery (SFA; n � 4), popliteal artery (n � 2), anterior tibial
artery (n � 4), or posterior tibial artery (n � 4) under either
local or general anesthesia in a sterile operative field to
avoid bacterial contamination. In two cases, this procedure
was performed concomitantly with other operations (a
major above-knee amputation in one case and a colostomy
closure in the other).

Segments of arteries were also obtained from seven
patients, who underwent surgical treatment for vascular
diseases other than Buerger disease, as control specimens
after informed consent was obtained. The control speci-
mens were defined as those without atherosclerotic findings
in the arterial wall macroscopically and microscopically:
three external iliac arteries from three male AAA patients,
two splenic arteries from a male AAA patient and a female

patient with a renal aneurysm, one common femoral artery
(Fig 3) from a male patient with aortoiliac occlusive disease,
and a small artery in the genicular area from a young female
patient with popliteal arteriovenous malformations. A
questionnaire survey was conducted among the study par-
ticipants to learn whether they are active smokers at the
time of operation.

Fresh and sterile arterial specimens approximately 1.5
cm long were obtained from the patients in the Buerger
disease group. Control specimens of various sizes were also
obtained during the operations. The specimens were
washed thoroughly with normal saline and cut into three
sections: one for the pathologic examination, one for the
electron microscopic investigation, and one for PCR detec-
tion and culture. Specimens for PCR were stored immedi-
ately at �80°C until use. The study was approved by the
Ethics Committee of Tokyo Medical and Dental Univer-
sity, and informed consent was obtained from all patients.

A periodontist performed oral examinations on each
patient with Buerger disease at our university dental clinic
to check the presence and severity of periodontal disease.
On the basis of the probing depth (PD) of the periodontal
pockets and attachment loss, patients were classified into
four different groups. Grade A was the normal group with
a PD of less than 2 mm, and grade B was considered to have
moderate periodontitis, with a PD of 2 to 5 mm. Grade C
was the group with severe periodontitis, with a PD deeper
than 5 mm, and grade D was the edentulous group (as-
sumed to be the consequence of severe periodontitis).
Dental plaque and saliva samples were taken at the same
time and stored immediately at �80°C.

Arterial segments were homogenized, and then a
High-Pure PCR Template Preparation Kit (Roche, Mann-
heim, Germany) was used to extract DNA from both the
homogenized tissue and oral samples. The PCR method
was applied to detect the presence of seven species of
putative oral bacteria: Porphyromonas gingivalis, Tan-
nerella forsythensis, Treponema denticola, Campylobacter
rectus, Actinobacillus actinomycetemcomitans, Prevotella in-
termedia, and Prevotella nigrescens. Species-specific primers
used for PCR were designed according to 16S ribosomal
RNA gene sequences as described previously. The sensitiv-
ity and specificity of the method have been noted.17 All
samples were processed in duplicate to ensure reproducibil-
ity of the results.

For pathologic studies, one third of the arterial speci-
mens were fixed by immersion in 10% neutral buffered
formalin, embedded in paraffin, and stained with hematox-
ylin and eosin, elastica van Gieson stain, or Giemsa stain.
Ten fresh arterial specimens from patients with Buerger
disease were homogenized and then cultured in aerobic
and anaerobic environments immediately after the surgical
procedure. The Spearman test was used to check whether
the severity of periodontitis correlated with the extent of
arterial occlusion in patients with Buerger disease.

RESULTS

The results of the clinical examination for periodontitis

and PCR analysis are shown in Table II. In the PCR
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analysis, all samples from the 14 patients with Buerger
disease, except for 1 arterial specimen, were positive for at
least 1 species of oral bacteria (Fig 4). Treponema denticola
was detected in 12 arteries and all oral samples from pa-
tients with Buerger disease. Campylobacter rectus was
found in 6 (43%) of the 14 arterial samples and all oral
samples. Porphyromonas gingivalis was found in 5 (36%)
arterial and 13 (93%) oral samples, Prevotella intermedia
was found in 3 (21%) arterial and 10 (71%) oral samples,
Tannerella forsythensis was found in 2 (14%) arterial and 13
(93%) oral samples, and Prevotella nigrescens was found in 2
(14%) arterial and 10 (71%) oral samples. Actinobacillus
actinomycetemcomitans was not detected in any of the
arterial or oral samples. As shown in Table II, in most
patients the same species of bacteria were detected in both
the arterial and oral samples, although more species were
detected in the oral samples. None of the control arterial
samples was positive for any oral bacteria examined. All the
patients with Buerger disease had periodontitis, and 64.3%
(9/14) had a severe form.

Concerning the extent of arterial occlusion, there were
seven patients with degree 1, four patients with degree 2,
two with degree 3, and one with degree 4, as shown in

Fig 1. A, An angiogram of case 6, a 73-year-old man with a
smoking history of 15 cigarettes per day for 53 years. Arterial
changes typical of Buerger disease can be observed in the left leg
and below the right knee. This patient developed gangrene on his
left third and fourth toes at age 32 years. A minor amputation was
performed at that time. An abdominal aortic aneurysm was diag-
nosed at age 73 years, and an aneurysmectomy with a bifurcated
graft replacement was performed. A segment of his left femoral
artery was obtained for this study during the operation. The patient
quit smoking after abdominal aortic aneurysm surgery. B, The
pathologic examination of the superficial femoral artery (SFA) of
case 6. Intimal defects (may be artifacts) and internal elastic lamina
are duplicated. Medial muscle fibers were replaced by collagenous
fibers and fibroblasts. No inflammatory cells, such as giant cells or
neutrophils, are seen. Atherosclerotic changes, such as foam cells,
atheroma deposits, or cholesterol crystals, are absent (stain, elastica
van Gieson stain; original magnification, �40).
Table I. The extent of occlusion in the patients with
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Buerger disease did not correlate with the severity of the
periodontitis (P � .475).

All patients with Buerger disease were active smokers or
had just stopped smoking for several months at the time of
biopsy except for one, who had quit smoking 7 years
previously. There were three smokers and four nonsmokers
in the control group.

The angiograms of the seven patients with Buerger
disease who were older than 60 years were checked for any
atherosclerotic changes. One showed iliac arterial stenosis
with an irregular arterial wall; one showed a calcification
line of the common iliac artery; two showed an irregular
abdominal aorta; and the other three had normal angio-
graphic findings in the aortoiliac regions.

Pathologic examinations of the arterial samples from
the patients with Buerger disease confirmed intermediate-
chronic–stage lesions in four patients (Fig 2, A) and chronic-
stage lesions in ten patients (Fig 2, B). The intermediate-
chronic–stage samples showed a slight to moderate cellular
infiltration around the vasa vasorum or the recanalized
small vessels in the thrombus. In the arterial samples we
studied, the histologic structure was well preserved as pre-
viously described by Buerger,7 Allen and Brown,12 and
Lie.9 No atherosclerotic changes or evidence of bacteria on
pathologic analysis were observed. Microabscesses and gi-
ant cell infiltration associated with the acute phrase of
bacterial infection were not observed either. There were no
atherosclerotic changes in the control specimens, as shown
in Fig 3. A routine bacterial culture of arterial specimens (n
� 10) yielded negative results.

DISCUSSION

In this study, arterial specimens from patients with a
diagnosis of Buerger disease were studied from a clinical,
angiographic, pathologic, and microbiologic point of view.
Considering the patients’ mean age at biopsy, we were
extremely careful to differentiate the occlusive lesions from
atherosclerosis. As pathologic pictures (Figs 1, B, 2, and 3)
show, there were no atherosclerotic changes in the speci-
mens studied. Although some patients developed AAA or
atherosclerosis years after they contracted Buerger disease
and although both diseases coexisted in the same individ-
ual, the two diseases were not observed simultaneously at
the same site. In blood vessels already occluded by Buerger
disease at a younger age, it seems impossible for atheroscle-
rosis to develop because there is no longer an arterial
bloodstream. In the control study, we chose iliac or visceral
arteries from four AAA patients that showed, macroscopi-
cally or microscopically, no atherosclerotic changes. Usual
AAA is now classified as a nonspecific etiology. This means
that atherosclerosis is a secondary change in the aneurysmal
sac, so we can expect to excise normal or minimally changed
arteries. Fig 3 shows that even with aortoiliac occlusive
disease present, we obtained an atherosclerosis-free femoral
arterial specimen.

Arterial specimens we studied here included four SFAs:
this seems contradictory to the traditional thinking that
Fig 2. Pathologic pictures of different stages of Buerger disease.
A, Intermediate-chronic phase of case 12 (aged 39 years) (inset:
stain, hematoxylin and eosin; original magnification, �600). B,
Chronic phase of case 9 (aged 65 years). There is more cellular
infiltration in the intermediate-chronic phase compared with the
chronic phase, from which well-organized thrombi in the lumen
can be observed, and cellular infiltration is not as apparent (stain,
Buerger disease mainly involves small or medium-sized
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arteries. However, in Japan, arterial involvement tends to
be more proximal, and data show SFA involvement in 13
(17%) of 75 limbs, femoropopliteal involvement in 41
(30%) of 137 patients, and aortoiliac involvement in 21
(8%) of 259 patients.8 This indicates that SFA occlusion is
not uncommon, and among the four SFAs, two were from
distal sites.

The cause of Buerger disease is not yet known, al-
though many etiologic factors have been suggested for
years. Habitual use of tobacco is the only indisputable
etiologic factor because of its close association with disease
activity. However, smoking alone does not seem to be

Table I. Characteristics of 14 male patients with Buerger

Patient
No./age (y)

Cigarettes per
day � No. years

Onset
age (y) PM ULI

Princi
sympto

1/47 40 � 27 41 No Yes Rt leg ulce

2/52 10-22 � 37 32 No Yes Lt foot ulc
necrosis

3/61 20 � 41 47 Yes Yes Lt leg nec

4/67 10-30 � 55 50 No Yes Claudicati

5/60 10 � 20 38 Yes No Claudicati
foot ulc

6/73 15 � 53 32 Yes No Lt toe nec

7/71 20 � 40 36 Yes No Rt toe rest

8/63 20 � 44 34 No Yes Rt leg
claudica

9/65 20 � 43 25 No Yes Claudicati
pallor

10/54 20 � 31 34 Yes Yes Rt foot
gangren

11/59 30 � 23 41 Yes No Lt toe gan

12/39 30 � 20 28 No Yes Toe gangr

13/57 40 � 20 38 Yes Yes Rt toe gan

14/70 40 � 30 38 Yes Yes Rt toe ulce

PM, Phlebitis migrans; ULI, upper limb involvement; Rt, right; CIA, comm
VA, visceral artery; SFA, superficial femoral artery; Lt, left; EIA, external ilia
artery; HT, hypertension; AAA, abdominal aortic aneurysm; CI, cerebral in
*Extent of the occlusion: (1) below knee joint; (2) 1 plus above knee joint;
enough to cause Buerger disease. The striking inflamma-
tory component of the acute phase, such as microabscess
formation and the existence of multinucleated giant cells,
led Buerger7 to postulate that bacterial infection was a
causative agent for the disease. Allen and Brown12 also
suspected that infection foci including oral and throat
infection might have served as a contributory etiologic
factor. Several pathogens, such as Treponema pallidum,7,8

have been investigated as possible causative agents for
Buerger disease and have been rejected.

Several studies have suggested that Buerger disease is
an immunologic disorder or is caused by cellular sensitivity
to collagen, and the susceptibility to Buerger disease may

se

Occlusion sites
Sample

sites
Other disorders
(onset age [y])

Extent of
occlusion*

Lt CIA to PLA;
Rt CIA to
PLA, PTA,
PA, VA

SFA — 4

Lt EIA to PLA,
ATA, PEA;
Rt ATA

PLA — 3

Lt SFA, PLA,
PTA, ATA;
Rt CFA,
SFA, ATA

PLA — 2

Lt SFA, PLA,
ATA; Rt
ATA, PTA,
PA

SFA — 2

t Lt PLA, PTA,
ATA, PEA;
Rt ATA, PA

PTA HT (56) 1

Lt CIA to PLA,
ATA

SFA HT (41); AAA (73) 3

Lt ATA, PTA;
Rt SFA,
PTA, ATA,
PEA

SFA CI (70) 2

Lt PLA, PTA,
ATA, PEA;
Rt PTA,
PEA, VA

PTA — 1

Lt SFA, PLA,
ATA

ATA — 2

Lt PTA, PEA;
Rt ATA, PEA

PTA — 1

Lt ATA; Rt
ATA

ATA — 1

Lt PTA, PEA;
Rt ATA,
PTA, PEA

PTA — 1

Lt PTA, ATA;
Rt ATA, PEA

ATA — 1

Lt ATA, PEA;
Rt ATA,
PTA

ATA — 1

c artery; PLA, popliteal artery; PTA, posterior tibial artery; PA, pedal artery;
y; ATA, anterior tibial artery; PEA, peroneal artery; CFA, common femoral
n.
plus 2 plus external iliac; (4) 1 plus 2 plus 3 plus common iliac or aorta.
disea
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be genetic.19-23 However, these theories cannot account
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for the formation of phlebitis migrans, a principal charac-
teristic of Buerger disease, or explain why Buerger disease
affects both arteries and veins simultaneously and, occa-
sionally, nerves. The prevalence of Buerger disease in India
and Japan was similar before, but it has recently decreased
in Japan.18,24 These hypotheses cannot explain this de-
crease either. The various features of Buerger disease might
be better explained by considering the disease as a systemic
reaction to bacterial infection or to an antigen originating
from bacteria rather than as an immunologic disorder,
although no previous study has successfully identified any
specific pathogen in the vessel lesion.

Although Buerger disease is seen worldwide, it is more
prevalent in the Middle and Far East than in developed
areas such as North America and Western Europe. Socio-
economic conditions seem to influence this distribution.18

Control of chronic infection, including oral infection, may
contribute partly. Many studies that have investigated the
association between oral health and peripheral arterial dis-
eases have implied that oral infection, especially periodontal
disease, may be involved in atherosclerosis through a po-
tential oral infection-inflammatory pathway.2,3,25

As we mentioned previously, smoking has been re-

Fig 3. A pathologic picture of a control arterial specimen. This is
a common femoral arterial specimen from control patient 6 (aged
73 years; male), who underwent abdominal aortic reconstruction
surgery. Macroscopically, the inner surface of the arterial specimen
was smooth and shiny, and the arterial wall was soft and elastic. The
microscopic view shows mild fibrous thickening in the intima. The
media is almost intact, with a little disorder of the muscle fibers. No
calcification or atheromatous degeneration was found. There was
also no infiltration of any inflammatory cells in the adventitia (stain,
elastica van Gieson stain; original magnification, �40).
garded as a causative factor for Buerger disease.7,8,18 A
strong relationship between smoking and oral disease has
also been described.13,14 Although periodontitis generally
affects older people, young people who smoke are at an
increased risk of a characteristic pattern of this disease.13

Ex-smokers respond better than active smokers to dental
treatment.26 In our study, all the patients with Buerger
disease had been heavy smokers since youth, and all had
moderate to severe periodontitis. Besides directly damag-
ing blood vessels, cigarette smoking exacerbates patients’
periodontal disease and stimulates more extensive bacterial
invasion to blood vessels. Thereby, the microorganisms
(especially Treponema denticola and Porphyromonas gingi-
valis) may be transported by monocytes, lodge in periph-
eral arteries, and induce thrombosis formation in small to
medium-sized vessels (including veins) in the hand or leg
that have already been affected by smoking.

Oral bacteria have been found in arterial lesions caused
by atherosclerosis and Buerger disease. If endothelial
changes that could permit easy invasion of the bacteria to
the subendothelial space occur at approximately the age of
50 years, it may be speculated that before 50 years, oral
bacteria cannot invade through the healthy endothelial cell
layer. Therefore, they make thrombi by using their strong
thrombogenic activity in the vessel lumen, which shows
infectious findings such as microabscess or giant cells, with
an intact arterial wall structure. After the age of 50 years,
the endothelial layer changes with aging to permit bacterial
invasion in some cases, and bacteria easily enter the intimal
layer to encourage atherosclerotic changes. This may ex-
plain the detection of oral bacteria in the two different
categories. However, susceptibility to Buerger disease may
be genetic, and more investigation is required. Different
combinations of the oral bacteria may contribute to the two
distinctive diseases by different mechanisms. Our results
showed that Treponema denticola was the most frequently
detected bacteria in Buerger disease, but in atherosclerotic
lesions, Porphyromonas gingivalis was found more often.5

More than 500 species of bacteria are found in the
mouth, and people with poor dental hygiene may have an
oral bacterial count of more than 20 billion. Most of these
bacteria remain in the gingival crevice or periodontal
pocket, an anaerobic environment. The bacteria also form a
biofilm; this makes it difficult to eradicate them with anti-
biotics and hampers the host’s production of effective
antibodies because of the symbiotic state of the chronic
biofilm infection. Oral bacteria may be involved in transient
bacteremia and enter the bloodstream frequently through
dental treatment, tooth brushing, or even chewing.27,28

Many studies have shown the existence of oral bacteria in
atherosclerotic coronary disease, internal carotid plaque, or
peripheral atherosclerotic vascular lesions.1-5,29-32

Oral pathogens have been observed adhering to and
invading the buccal epithelium33 and arterial endothe-
lium,34,35 and they play a role in thrombus formation
despite the host’s protective mechanisms, such as phagocy-
tosis.36 The activities of Porphyromonas gingivalis have
been especially well documented in this regard. Infectious

microorganisms may also contribute to the progression of



Grade A was normal (pocket depth on probing, �2 mm); grade B, moderate periodontitis (pocket depth, 2-5 mm); grade C, severe periodontitis (pocket
depth, �5 mm); and grade D, edentulous.
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Fig 4. Polymerase chain reaction results of artery samples from patients with Buerger disease. Lane 1, 1-Kilobase DNA
ladder; lane 2, positive control; lane 3, negative control; lanes 4-17, arterial samples from patients with Buerger disease;
Table II. Results of periodontal examination and PCR detection of patients with Buerger disease and of controls

Subject No.* Periodontitis grade† Artery Oral cavity

Patient 1 C Td Tf, Td, Cr, Pn
Patient 2 B Td, Cr Pg, Tf, Td, Cr, Pi, Pn
Patient 3 C Tf, Td, Cr, Pn Pg, Tf, Td, Cr, Pi, Pn
Patient 4 C Td, Cr, Pi Pg, Tf, Td, Cr, Pi
Patient 5 C Pg, Td, Cr, Pn Pg, Tf, Td, Cr, Pi, Pn
Patient 6 B Tf, Td, Pi Pg, Tf, Td, Cr, Pi, Pn
Patient 7 C Pg, Td, Cr, Pi Pg, Tf, Td, Cr, Pi, Pn
Patient 8 D Pg, Td, Cr Pg, Td, Cr
Patient 9 C Pg, Td Pg, Tf, Td, Cr, Pi, Pn
Patient 10 B Td Pg, Tf, Td, Cr, Pn
Patient 11 C Pg Pg, Tf, Td, Cr, Pi
Patient 12 C None Pg, Tf, Td, Cr, Pi, Pn
Patient 13 B Td Pg, Tf, Td, Cr, Pi, Pn
Patient 14 C Td Pg, Tf, Td, Cr
Control 1 — None —
Control 2 — None —
Control 3 — None —
Control 4 — None —
Control 5 — None —
Control 6 — None —
Control 7 — None —

PCR, Polymerase chain reaction; Pg, Porphyromonas gingivalis; Tf, Tannerella forsythensis; Td, Treponema denticola; Cr, Campylobacter rectus; Pi, Prevotella
intermedia; Pn, Prevotella nigrescens.
*All patients with Buerger disease were male, and their ages are shown in Table I. The ages of the control patients were 69, 62, 25, 72, 77, 73, and 65 years .
The resected sites were iliac, splenic, arteriovenous malformation, iliac, iliac, femoral, and splenic arteries, respectively.
†

lanes 18-24, arterial samples from control patients.



JOURNAL OF VASCULAR SURGERY
July 2005114 Iwai et al
atherosclerosis by regulating inflammation inside arterial
walls locally or systemically.28,37,38 In this study, one oral
bacterium, Treponema denticola, was detected in most of
the arterial specimens and in all of the oral samples from
patients with Buerger disease. As a mobile spirochete, it is
capable of invading periodontal tissue and has been found
in gingival ulcerations and gangrene associated with acute
necrotizing periodontitis. The invasion of endothelial cells
by Treponema denticola has also been reported.39

With respect to the role of these bacteria in the patho-
genesis of Buerger disease, it is not certain whether these
bacteria work as a causative factor, whether they aggravate
the disease, or whether they are accidentally entrapped in
the lesions. The PCR method was used to detect oral
bacteria in this study. Although recent advances have made
this technique highly accurate and specific, it cannot distin-
guish whether the bacteria detected were alive or dead or
how long these microorganisms have existed in the lesions,
because PCR detects only the genetic material DNA and
can reveal the presence of very old DNA.40 Generally, oral
bacteria are not virulent enough to cause febrile bacteremia
or sepsis. Furthermore, because most of them are strictly
anaerobic, it is difficult for them to survive in the artery in
the presence of oxygen, which might explain why we failed
to culture any oral bacteria from artery specimens in vitro.
It is more likely that virulent components of oral bacteria,
acting as an inflammatory core, were continuously involved
with Buerger disease, rather than live microorganisms. An-
other reason for our failure to culture may be that no
patient with acute-phase disease was included in the study.
As Kurihara et al5 studied occluded arteries by thrombo-
endarterectomy and showed that oral bacteria existed only
in the internal layers of the vessel wall of atherosclerotic
lesions, research using methods that render bacteria visible
is necessary to clarify whether bacteria are in the thrombus,
arterial layer, or both.

Although the prevalence of Buerger disease will con-
tinue to decrease in Japan and other developed countries
with the decline in smoking and the improvements in oral
hygiene and dental care, investigations for methods to
prevent and treat the disease must continue because of its
high prevalence in South and East Asia.

We thank Professor Alexander W. Clowes for his critical
comments on our manuscript.
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