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Abstract
Background: Controversy still exists in the indication and timing of surgical treatment of
pulmonary hamartoma (PH). The objective of this study is to summarize the experience and the
outcome of the surgical treatment for pulmonary hamartomas, and to assess the effectiveness and
necessity of surgical therapy administered in patients with pulmonary hamatoma as well as clinical
and pathological features and long-term follow-up results.

Methods: This retrospective report has reviewed a 20-years clinical history of surgical treatment
for 39 patients with PH from 1985 to 2006. These thirty-nine patients underwent 40 operations as
follows: wedge resection (23), enucleation (10), segmentectomy (3), lobectomy (3), and
pneumonectomy (1).

Results: The PH occurred most frequently (78.1%) in the patients aged 40 to 60 years and the sex
ratio (male/female) was 2.25/1 in our series. No postoperative death was encountered. One patient
with pleural effusion was cured after thoracentesis. All of these 39 patients were proved with
pathologic diagnosis of PH and the popcorn calcification was found in 6 cases before operation. In
38 cases having the mean follow-up of 7.3 years, a patient was operated thrice for regional
recurrence.

Conclusion: Fast frozen section in operation is critical for acquire accurate pathological diagnosis.
Due to potential trend of recurrence or malignance, patients with hamartoma should be submitted
to a complete evaluation and a regular follow-up.

Background
The incidence of pulmonary hamartoma (PH) in the gen-
eral population was 0.25% [1]. In the patients with
benign tumor of the lung, hamartoma was the most com-
mon and accounting for 3% of all tumors of lung [2], and
6% of solitary pulmonary nodules [3]. According to the
autopsy results from the Mayo Clinic, PHs were found in

2 of 7, 972 cases (0.025%) [4]. Another large autopsy
series study from South Africa displayed that PHs were
found in 152 of 47, 635 male coal miners (0.32%) [5]. PH
was usually composed of a mixture of cartilage, fat,
fibrous tissue, and smooth muscle and of branching clefts
of nonneoplastic reactive bronchial-type epithelium.
Actually, the word "hamartoma" deriving from Greek
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terms meaning "error" and "tumor" [6], was first used by
Albrecht [7] in 1904 to describe lesions that contained an
abnormal mixture of normal components of an organ [6-
8]. PH was thought to arise from embryologic rests that
were present in fetal life but generally did not become vis-
ible until adulthood. But a cytogenetic analysis of the PHs
showed an abnormal karyotype and revealed recombina-
tions between chromosomal bands 6p21 and 14q24 [9],
thus supporting the opinion that a hamartoma of the lung
was a true neoplasm. However, the nosogenesis of PH
remains unclear. Most clinical studies about PH focused
on the difference to malignant lesions and the diagnosis
measures with effectiveness and specificity. Today, even
with the advancement in medical therapy, pulmonary
resection remains the most important measure of treat-
ment of patient with hamartoma of lung. Controversy,
however, still exists about the indication and timing of
surgery [10-12], and the incidence of malignance or recur-
rence occurred postoperatively is still under question
[13,14]. Herein we analyzed a 20-year historical series of
patients with PHs who underwent surgical resection in
our hospital, and assessed the effectiveness and necessity
of surgical therapy administered in patients with PH as
well as clinical and pathological features and long-term
follow-up results.

Methods
From January 1985 to December 2006, 39 consecutive
patients with PH underwent surgical resection in the
Department of Thoracic Surgery, Daping Hospital. The
medical records of these patients were reviewed before
surgery. The information about the age and gender of
patients, course of disease, initial manifestations or symp-
toms, history of tobacco consumption, calcification in the
hamartoma, location and size of the lesions, operative
procedures, surgical complication, hospital stay after
tumor resection and outcome was recorded. Intraopera-
tive frozen section examination was performed in 32 of
these patients (82.1%) and the histological diagnosis was
obtained postoperatively from the resected specimen. To
reconfirm the diagnosis of PH, the same pathologist
reviewed all available histological slides. All patients had
clinical follow-up by the same team of surgeons. Stable
clinical outcome was also confirmed by telephoning the
patients. The mean follow-up was 7.3 years (range: 1.5–14
years). Numerical data were presented as the mean ± SD.
The difference between means was performed with
ANOVA. All statistical analyses were performed using
SPSS11.0 software (Chicago, IL, USA) and p < 0.05 was
considered as statistically significant

Results
In our series, 27 (69.2%) patients were male and the sex
ratio (male/female) was 2.25/1. There was significant dif-
ference in sex ratio between male and female patients (P <

0.05). The mean age at surgery was 48.9 ± 13 years (range:
25–69 years). Twenty-eight of the patients (71.8%) were
between 40~60 years and only one patient (3.2%) was
under 30 (25 years old). Significant difference was also
observed in different age group (P < 0.01) (shown in
Table 1). And PH occurred most frequently (71.8%) in the
patients aged from 40 to 60 years in our series. The course
of disease ranged from 0.5 month to 6 years (mean of 1.56
years). Thirty (76.9%) of our patients had chest symptoms
such as coughing, expectoration and thoracalgia. In these
30 patients, hemoptysis was encountered in 4 cases
(10.1%), pyrexia in 4 (10.1%), and hypodynamia in 3
cases (7.7%). The remaining 9 patients (23.1%) were
asymptomatic at the time of diagnosis (shown in Table 1).
No respiratory infection or obstructive pneumonia due to
obstruction of the bronchus was encountered in our
series. One patient had accepted gastric myomatectomy
before admission, one had the history of thoracic injury,
and one had multiple renal cysts. Chest X-rays examina-
tion was performed preoperatively in all cases, the most
common manifestation of chest roentgenogram was an
irregular high-density margin with small lobulations
located peripherally. In terms of the location of lesion,
there was no significant difference between the right and
left lung (P > 0.05). The mean diameter of tumors was 2.9
± 1.6 cm (range: 1.5 – 8.5 cm). Most of the PHs in our
series (53.8%) had the diameter ranged from 2.0 to 3.0
cm, 13 of them (33.4%) were under 2.0 cm and only 5
(12.8%) over 3.0 cm (shown in Table 2). Calcification for-
mation was found in 15 cases (38.5%), only 6 of them
(15.4%) were the typical popcorn calcification, and the
remaining 9 (23.1%) had patching calcification on chest
roentgenogram. Chest computed tomography performed
by radiology department in our hospital was obtained in
17 patients, and the other 19 patients accepted CT exami-
nation at other hospitals. So there were 36 patients had CT
scan. Due to financial reasons, the remaining 3 patients
didn't accept this expensive examination.

In all of these patients in our series, there were 38 cases
accepted 38 operations, including 23 wedge resections (4
cases had video-assisted thoracoscopic surgery), 10 tumor
enucleations, 3 segmentectomies and 2 lobotomy. The
remaining one patient accepted tumor enucleation in
local hospital at age of 25 years, the tumor located in
upper lobe of right lung with pathological diagnosis of
chondromatous hamartoma. Regional recurrence was
found and resection of tumor was performed twice in 9
years after the first operation. The patient underwent
tumor enucleation and right upper lobectomy respec-
tively. However, similar lesion occurred again at the ipso-
lateral lung after the third surgical treatment. Because of
three enormous tumors (with diameter over 8.0 cm) occu-
pying the remaining middle and lower lobe of right lung,
a pneumonectomy had to be performed. Moreover,
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because of severe adherence and disturbances of blood
coagulation, the intraoperative hemorrhage was hard to
control. The total amount of blood transfusion was 14,
700 ml (including 3, 900 ml banked blood and 10, 800
ml of reclaimed blood). Fortunately, this patient recov-
ered smoothly after operation without any complication.
No patient died in the postoperative period or during the
follow-up period. Postoperative pulmonary atelectasis
occurred in one patient at the operation day, and the
blood coagulum obstructing the right principal bronchus
was found by emergent bronchofibroscope examination.
After removing the clot, the breath sound of right lung
recovered. Due to inadequate drainage, pleural effussion
was encountered in one patient and was cured by thora-
centesis. Follow-up continued until March 2007, ensuring
a minimal follow-up of one and a half years. Thirty-eight
patients submitted the regular follow-up, but one patient
lost touch after discharging. The mean follow-up was 7.3
years (range: 1.5–14 years). Recurrent disease developed
three times in one patient (2.6%) after enucleating of the
tumor. At the end of follow-up, none of the 38 patients
died, and the concomitant malignant lesion was not
found in our series after operation.

Discussion
PH occurs most frequently in the patients aged from 40 to
70 years, with a variation in male preponderance from 2:
1 to 4: 1 [4,15], this maybe due to the higher morbility of
pulmonary disease in male. In our series, the ratio was
2.25: 1, and 21 patients (53.8%) had heavy smoking his-
tory. Twenty-eight of our patients (71.8%) were between
40~60 years and only one patient was under 30 (25 years
old), which was consistent with other studies. PH could
occur in all parts of lung, but most often in the periphery
and rarely near the hilar parts [16,17]. Endobronchial
hamartoma was reported in approximately 3% to 19.5%
cases [10,17-19], but not been found in our series.
Hamartomas are usually solitary, well-demarcated nod-
ules on roentgenogram. Multiple hamartoma are a rare
entity and only 19 cases have been described in the world
[20-22]. Slow growth is the norm for PH, malignancy is
rare and only rare cases have been reported [23,24]. PHs
are predominantly composed of cartilage; other compo-
nents include fibromyxoid connective tissue, fat, bone
and smooth muscle [25]. Usually, the PH has non-specific
clinical manifestations and was detected by chest radio-
graphic examination occasionally [4,11,16,25]. The respi-
ratory infection or pulmonary atelectasis due to
mechanical obstruction of the bronchus could be encoun-
tered in part of patients with PH. In our series, part of
patients (23.1%) were asymptomatic at the time of diag-
nosis, and which supported the concept that clinical man-
ifestation could not be the effective method or standard of
the diagnosis for PH.

Although hamartoma was generally considered to be a
benign neoplasm, there have been several reports of
increased risk to lung cancer in patients with a chondrom-
atous hamartoma and the relationship between hamar-
toma and the synchronous malignancy was still unclear
[23,26,27]. Tomiyasu et al [28] reported a unique hamar-
toma that penetrated the visceral pleura, and after surgical
resection, a new bronchial carcinoma had arisen at the
same site. Kato and his colleagues found a postoperative
recurrence in a patient with multiple pulmonary leiomy-
matous hamartoma [29]. Moreover, similar recurrence of
PH was also encountered in our study. A male case under-
went tumor resection three times for regional recurrence.
Eventually, right pneumonectomy had to be performed
due to three recurrent enormous tumors. The results in
our series also manifested that the rarity of PHs really had
the tendency of malignance.

Because the symptoms of patients with PH were fre-
quently indistinguishable from those of a carcinoma,
radiological examination was necessary for diagnosis of
PH. The PHs tended to be small (less than 4 cm), round,
peripheral, well-circumscribed tumors that occasionally
showed "popcorn" calcifications on chest radiograph.
They were usually asymptomatic and discovered inciden-
tally in radiologic studies [30]. All of the hamartomas in
our series were representing as intrapulmonary mass
shadow without pleural indentation sign, sublobe or sen-
tus. Calcifications were found in 15 cases and only 6 of
them were the typical popcorn calcification. As the charac-
teristic appearance on chest radiograph, popcorn calcifica-
tion was important for diagnosis of PH. However, it could
not be the definitive diagnostic evidence since calcifica-
tions may appear in carcinomas and in tuberculosis as
well. It was also observed that the lesions of some cases
displayed with solitary nodules, which could not be dif-
ferentiated from lung cancer before operation (shown in
figure 1).

Aspirates of PH were often scanty because of the dense
nature of the lesion. And the diagnostic accuracy has been
shown to be less for PH than for malignant tumors, partly
because of the difficulty in obtaining diagnostic material
from cartilaginous lesions and partly because of difficulty
in the interpretation of the findings [30-33]. Considering
the risk of pneumothorax and the potential delaying of
possible malignant lesion, and because all patients in our
series had the indications of surgery, aspirates was not per-
formed in our study.

Today, even with the advancement in medical therapy,
pulmonary resection remains the most important treat
measure of patients with PH. Controversy, however, still
exists about the indication and timing of surgery [10-12].
Since most PHs are nonexpanding or slowly growing neo-
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plasms, some authors believed that surgery was necessary
only when expansion was recorded in young or middle-
aged patients or accompanying obvious pulmonary symp-
toms. In our opinion, the PH did have the tendency of
expansion or recurrence, and chronic inflammatory stim-
ulation of local position might contribute to the develop-
ment of malignancy. Therefore, when a solitary
pulmonary lesion was more than 2.5 cm or the possibility
of malignancy could not be excluded, surgical resection
was deserved to be performed and should be mandatory.
In terms of indications of surgery, the author presumed to
conclude as follows: (1) a solitary pulmonary lesion with
diameter more than 2.5 cm; (2) overweight psychic bur-
den making it necessary to remove the lesion; (3) having
the tendency of expansion or recurrence; (4) with pulmo-
nary symptoms unresponsive to drug treatment; (5)
above all, the lesion could not be differentiated from
malignancy. Especially to the patients in the fifth section,
any unwiring delay would minimize their chances of
acquiring long-term survival.

Conclusion
Wedge resection was the main choice in our series for
patients with PH. More aggressive lobectomy or total
pneumonectomy was considered only in such status: (1)
the central intrapulmonary hamartoma located in the
deep part of pulmonary lobes and adhered severely to

hilum of the lung, (2) the distal lung tissue was nonfunc-
tional, (3) multiple or huge tumors making wedge resec-
tion impossible. To avoid ignoring potential malignant
lesions, the necessity of the intraoperative frozen section
must be emphasized. Regarding the principles of the sur-
gery, we believed that normal lung tissue should be
reserved as much as possible. Furthermore, due to lack of
the malignance after operation in our series, the author
presumed that the wedge resection was safe enough. How-
ever, due to the potential trend of recurrence, it must be
emphasized that the patients with PH should be submit-
ted to a complete evaluation and regular follow-up.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
WG collected the data and drafted the manuscript, ZY car-
ried out the statistical analysis, JY designed this study and
modified the manuscript, WR participated in its design
and coordination, MZ helped to carried out the statistical
analysis. All authors participated in performing the oper-
ations and approved the final manuscript.

References
1. McDonald JR, Harrington SW, Clagett OT: Hamartoma (often

called chondroma) of the lung.  J Thorac Surg 1945, 14:128-143.

Imageological examination of one patientFigure 1
Imageological examination of one patient. Chest X-ray (A) and CT Examination (B) showed a solitary nodule over left 
lower lobe, with irregular margin and small lobulations, which could not be differentiated from lung cancer before operation.
Page 4 of 5
(page number not for citation purposes)



Journal of Experimental & Clinical Cancer Research 2008, 27:8 http://www.jeccr.com/content/27/1/8
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

2. Schwartz M: A biomathematical approach to clinical tumor
growth.  Cancer 1961, 14:1272-1274.

3. Bateson EM: An analysis of 155 solitary lung lesions illustrating
the differential diagnosis of mixed tumors of the lung.  Clin
Radial 1965, 16:51-65.

4. Gjevre JA, Myers JL, Prakash UBS: Pulmonary hamartomas.  Mayo
Clin Proc 1996, 71:14-20.

5. Murray J, Kielkowski D, Leiman G: The prevalence and age distri-
bution of peripheral pulmonary hamartomas in adult males:
an autopsy-based study.  S Afr Med J 1991, 79:247-249.

6. D'Altorio RA: Case of the fall season.  Seminars in Roentg 1975,
10:253-254.

7. Albrecht D: Ueber Hamartome.  Verh Dtsch Ges Pathol 1904,
7:153-157.

8. Jackson RC, McDonald JR, Clagett OT: Massive cytic pulmonary
hamartoma.   J Thorac Surg 1956, 31(5):504-510.

9. Johansson M, Dietrich C, Mandahl N, Hambraeus G, Johansson L,
Clausen PP, Mitelman F, Heim S: Recombinations of chromo-
somal bands 6p21 and 14q24 characterise pulmonary hamar-
tomas.  Br J Cancer 1993, 67:1236-1241.

10. Hansen CP, Holtveg H, Francis D, Rasch L, Bertelsen S: Pulmonary
hamartoma.  J Thorac Cardiovasc Surg 1992, 104:674-678.

11. Salminen US: Pulmonary hamartoma. A clinical study of 77
cases in a 21-year period and review of literature.  Eur J Cardi-
othorac Surg 1990, 4:15-18.

12. de Rooij PD, Meijer S, Calame J, Golding RP, van Mourik JC, Stam J:
Solitary hamartoma of the lung: is thoracotomy still manda-
tory?  Neth J Surg 1988, 40:145-148.

13. Basile A, Gregoris A, Antoci B, Romanelli M: Malignant change in
a benign pulmonary hamartoma.  Thorax 1989, 44:232-233.

14. Hayward RH: Malignant hamartoma of the lung factor fiction.
J Thora Cardiovascular Surg 1967, 53:457-458.

15. Koutras P, Urschel HC Jr, Paulson DL: Hamartoma of lung.  J Tho-
rac Cardiovasc Surg 1971, 61:768.

16. Fudge TL, Ochsner JL, Mills NL: Clinical spectrum of pulmonary
hamartomas.  Ann Thorac Surg 1980, 30:36-39.

17. Bateson EM: Relationship between intrapulmonary and endo-
bronchial cartilage-containing tumors (so-called hamar-
toma).  Thorax 1965, 20:447-461.

18. Bergh NP, Hafstrom LO, Scherson T: Hamartoma of the lung:
with special reference to the endobronchial localization.
Scand J Respir Dis 1967, 48:201-207.

19. Tomashefski JF: Benign endobronchial mesenchymal tumours:
their relationship to parenchymal pulmonary hamartomas.
Am J Surg Pathol 1982, 6:531-540.

20. Bini A, Grazia M, Petrella F, Chittolini M: Multiple chondromatous
hamartomas of the lung.  Interact Cardiovasc Thorac Surg 2002,
1:78-80.

21. Kang MW, Han JH, Yu JH, Kim YH, Na MH, Yu JH, Lim SP, Lee Y, Kim
JH, Kang DY, Kim JO: Multiple central endobronchial chon-
droid hamartoma.  Ann Thorac Surg 2007, 83:691-693.

22. Minami Y, Iijima T, Yamamoto T, Morishita Y, Terashima H, Onizuka
M, Noguchi M: Diffuse pulmonary hamartoma: a case report.
Pathol Res Pract 2005, 200(11-12):813-816.

23. Ribet M, Jaillard-Thery S, Nuttens MC: Pulmonary hamartoma
and malignancy.  J Thorac Cardiovasc Surg 1994, 107:611-614.

24. Rossi G, Cavazza A, Valli R, Torricelli P, Richeldi L, Rivasi F, Brambilla
E: A typical lipomatous tumor (lipoma-like differentiated
liposarcoma) arising in a pulmonary hamartoma and clini-
cally presenting with pneumothorax.  Lung Cancer 2003,
39:103-106.

25. Bosch JM van den, Wagenaar SS, Corrin B, Elbers JR, Knaepen PJ,
Westermann CJ: Mesenchymoma of the lung (so called hamar-
toma): a review of 154 parenchymal and endobronchial
cases.  Thorax 1987, 42:790-793.

26. Higashita R, Ichikawa S, Ban T, Suda Y, Hayashi K, Takeuchi Y: Coex-
istence of lung cancer and hamartoma.  Jpn J Thorac Cardiovasc
Surg 2001, 49:258-260.

27. Okabayashi K, Hiratsuka M, Noda Y, Hanagiri T, Mitsudomi T,
Shirakusa T, Kasai T: Giant hamartoma of the lung with a high
production of carbohydrate antigen 19-9.  Ann Thorac Surg 1993,
55:511-513.

28. Tomiyasu M, Yoshino I, Suemitsu R, Shoji F, Sugimachi K: An
intrapulmonary chondromatous hamartoma penetrating
the visceral pleura: report of a case.  Ann Thorac Cardiovasc Surg
2002, 8:42-44.

29. Kato N, Endo Y, Tamura G, Matogama T: Multiple pulmonary lei-
omymatous hamartoma with secondary ossification.  Pathol
Int 1999, 49:222-225.

30. Hamper UM, Khouri NF, Stitik FP, Siegelman SS: Pulmonary
hamartoma: diagnosis by transthoracic needle-aspiration
biopsy.  Radiology 1985, 155:15-18.

31. Dunbar F, Leiman G: The aspiration cytology of pulmonary
hamartomas.  Diagn Cytopathol 1989, 5:174-180.

32. Ramzy I: Pulmonary hamartomas: cytologic appearances of
fine needle aspiration biopsy.  Acta Cytol 1976, 20:15-19.

33. Hummel P, Cangiarella JF, Cohen JM, Yang G, Waisman J, Chhieng
DC: Transthoracic fine-needle aspiration biopsy of pulmo-
nary spindle cell and mesenchymal lesions: a study of 61
cases.  Cancer 2001, 93:187-188.
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13909709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13909709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8538225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2011801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2011801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2011801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13307705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13307705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8512809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8512809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8512809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1513155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1513155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2407277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2407277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3231342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3231342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3231342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2705156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2705156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5578281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7396576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7396576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5183630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5183630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7149093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7149093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17669965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17669965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17258021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17258021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15792125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8302082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8302082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3321538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3321538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3321538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11355262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11355262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8431069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8431069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10338077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10338077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3975394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3975394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3975394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2776600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2776600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1063517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1063517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11391606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11391606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11391606
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	References

