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Abstract

Objective: The goal of this systematic review is to determine the diagnostic 
accuracy of sonoelastography in evaluating salivary gland tumors.

Data sources: A highly sensitive search for sonoelastography and salivary 
gland tumors was performed through MEDLINE, Cochrane Library, ACP Journal 
Club, EMBASE, Health Technology assessment, and ISI web of knowledge for 
studies published prior to January 2013.

A manual search was performed to include additional studies from 
references of the retrieved articles. 

Review methods: Two independent reviewers evaluated articles for 
eligibility. They extracted data from included studies. 

The quality of included studies was evaluated by use of Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS) questionnaire which consists of 14, 
four option questions (yes, no, unclear, Not Applicable (N/A)).

Forest plots for pooled estimates and summery of ROC plots for different 
cut-offs were produced.

Results: The literature review and manual search yielded 15 articles, 6 of 
which eligible to be included. A total of 348 individuals with total number of 366 
salivary gland masses were evaluated. Eighty seven were malignant while, 269 
were benign. Three hundred and twenty two were located in parotid gland and 
forty four were in sub-mandibular gland.

The summary sensitivity and specificity for the differentiation of benign and 
malignant salivary gland masses were 0.63 and 0.59.The summary Diagnostic 
OR (D OR), positive and negative LRs were 3.18, 1.63 and 0.61. The Area 
Under the Curve (AUC) was 0.68 (SE=0.03).

Conclusion: Sono-elastography had moderate accuracy in differentiating 
benign from malignant salivary gland tumors.
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Introduction
Salivary gland tumors count near 3% of all head and neck 

tumors [1] which could locate in major or minor salivary glands. The 
incidence rate of these tumors has been reported between 1 to 5 cases 
per 100000 person [1,2].

The initial imaging modality applied for salivary gland masses is 
sonography as it is cost-effective, non invasive and easy to apply [3].

By means of B-mode and color Doppler evaluation, echogenicity, 
structure, size, contour, calcification and vascularity could be 
examined, although previous studies demonstrated that the accuracy 
of these parameters for differentiating benign and malignant lesions 
are not satisfactory [4-6].

Elastography is a new sonographic modality which provides data 
regarding tissue stiffness. It provides tissue elasticity estimation by 
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means of local compression.

Under external forces, soft tissues move more than harder ones 
and reflecting that malignant tissues are firmer than surrounding 
benign counterparts [7].

Series of previous studies had evaluated accuracy of 
sonoelastography in differentiating benign and malignant salivary 
gland tumors. Its sensitivity and specificity had been reported ranging 
from 41% to 75% and 47% to 91%, respectively [3,7-11].

The goal of this study was to perform a meta-analysis of published 
information to evaluate the overall accuracy of sonoelastography for 
differentiation of benign and malignant salivary gland tumors.

Materials and Methods
We searched MEDLINE, Cochrane Library, EMBASE,ACP 

Journal Club, Health Technology Assessment, and ISI web of 
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knowledge for studies published prior to December 10th, 2012 by using 
these search terms: “elastography“, “sonoelastography“, “real-time 
tissue elastography“, “elasticity“, “elastogram“, “elasticity imaging 
techniques“, “salivary gland“, “neoplasm”, “ tumor”, “carcinoma”.

A manual search was performed to include additional studies 
from references of the retrieved articles. Two independent reviewers 
evaluated articles for eligibility. The criteria for eligibility were:

1. Studies evaluated diagnostic accuracy of sonoelastography 
in differentiating malignant and benign salivary gland tumors. 
Systematic review articles, narrative review articles, letter to editors 
and editorial articles were excluded.

2. Using appropriate reference standard test such as Fine-Needle 
Aspiration (FNA), histological assessment of specimens obtained by 
surgery or dissection.

3. Diagnostic measures on sonoelstographic evaluation results 
such as sensitivity, specificity, positive and negative predictive values.

Data extraction and quality assessment
Two independent reviewers extracted data from included studies. 

Extracted data included: first author name, study publication year, 
country, number of patients, number of malignant and benign 
salivary masses, mean patient age in each study, number of male 
and female patients, classification method, number of parotid or 
submandibular masses.

The quality of included studies was evaluated by means of 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS) 
questionnaire which consists of 14, four option questions (yes, no, 
unclear, Not Applicable (N/A)). The same two independent reviewers 
evaluated the quality of studies and in discord cases, disagreement 
solved by consensus of reviewers.

Statistical analysis and data synthesis
Accuracy of sonoelastography method was assessed by pooled 

estimates of sensitivity, specificity, positive and negative predictive 
values, and diagnostic odds ratio. In case of homogenity, fixed-effect 
model applied for pooled estimate calculation and if significant 
heterogeneity was present, the random-effect model was used .The 
Cochran Q test was estimated to detect the heterogeneity among 
studies. Inconsistency (I2) was calculated to describe the percentage 
of the variability attributable to heterogeneity.

Summary Receiver Operating Characteristic (SROC) curves were 
constructed, by means of Moses-Shapiro-Littenberg method and the 
Area Under the Curve (AUC) was calculated. P Value of <0.05 was 
considered significant.

Results
The chart describes the fellow of study selection in this systematic 

review. The literature and manual search yielded 15 articles, of 
which, 6 were eligible to include in this study which were published 
between 2010 and 2012. The studies were conducted in Poland (N=1), 
Romania (N=2), Turkey (N=2) and China Union (N=1).

A total of 348 individuals with total number of 366 salivary gland 
masses were evaluated. Eighty seven were malignant while, 269 were 
benign. Three hundred and twenty two were located in parotid gland 
and forty four were in sub-mandibular gland.

In five studies, only qualitative scoring system (in four articles 
scoring 1-4) was used. In one study only strain ratios applied for 

Author Publication year Mean
age

Total number of 
patients Male/female Total number of

masses Malignant /Benign Parotid/ submandibular Method of classification

Bhatia 2010 60 61 48/13 65 6/59 57/8 Scoring system (1-4)

Dumitriu 2011 50 66 37/29 74 18/56 63/11 Scoring system (1-4)

Yerli 2012 49 46 N/A 36 8/28 30/6 Scoring system (1-4)

Wierzbicka 2012 54 43 16/27 43 10/33 43/0
Scoring system (1-5) and strain 

ratio

Celebi 2012 47 75 36/39 81 32/49 81/0 Scoring system (1-4)

Dumitriu 2010 50 57 N/A 57 13/44 48/9 Strain ratio

Table 1: Characteristics of the included studies.

Author
Q1

Spectm
composion

Q2
Selecton
criteria

Q3
Appropriate

reference
standard

Q4
Disease

Progression 
bias

Q5
Partial

verification
bias

Q6
Differential
verification

bias

Q7
Incorpo-

ration
bias

Q8
Test

execution
details

Q9
Reference
execution

details

Q10
Test 

review
bias

Q11
Diagnostic

review
bias

Q12
Clinical
review
bias

Q13
Intermediate

results

Q14
Withdrawals

Bhatia Yes s yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Un clear Un clear

Dumitru Yes Yes Yes No Yes Yes Yes Yes Yes Yes Un clear Un clear Un clear Un clear

Yerli Yes Yes Yes No Yes Yes Yes Yes Yes
Un 

clear
Un clear Yes Un clear Un clear

Wierzbicka Yes Yes Yes No Yes Yes Yes Yes Yes
Un 

clear
Un clear Yes Un clear Un clear

Celebi Yes Yes Yes Un clear Un clear Yes Yes Yes Yes
Un 

clear
Un clear Yes Un clear Un clear

Dumitru Yes Yes Yes Un clear Un clear Yes Yes Yes Yes
Un 

clear
Un clear Yes Un clear Un clear

Table 2: Quality assessment of included studies.

(95%CI)

Sensitivity 0.63 (0.52-0.73)

Specificity 0.59(0.53-0.65)

Diagnostic OR (DOR) 3.18(1.86-5.44)

Positive LR 1.63(1.33-2.01)

Negative LR 0.61(0.47-0.79)

Table 3: Summary estimates of sonoelastography.
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classification and in remaining one study, both strain ratio and 
elasticity scoring system (1-5) were applied. 

Four studies used 1-4 scoring system while one used 1-5 and one 
strain ratio.

The characteristics of included articles are listed in (Table 1).

Quality assessment of included studies
Quality of included studies was evaluated by means of QUADAS 

questionnaire and information is present in (Table 2). 

The summary sensitivity and specificity for the differentiation 
of benign and malignant salivary gland masses were 0.63 and 0.59.
The summary Diagnostic OR (D OR), positive and negative LRs were 
3.18, 1.63 and 0.61 (Table 3).

Test of heterogeneity
All measurements showed homogeneity (I2<50%) in 

differentiating benign and malignant salivary gland masses except 
specificity (I2> 50%).

Discussion
This is the first systematic review evaluating diagnostic accuracy 

of sonoelastography in differentiating benign and malignant salivary 
gland tumors.

The results of current study demonstrated that sonoelastography 
has modest accuracy in differentiating benign and malignant salivary 
gland tumors. The pooled sensitivity was 63% and pooled specificity 
was 59%. The summary diagnostic OR was 3.18 which could be 
indicative that the odds of obtaining a test positive result in malignant 
rather than benign tumors is three.

Salivary gland tumors form a wide group of masses which could 
locate in major or minor salivary glands. It is crucial to determine if 

the pathology of the salivary gland mass is benign or malignant as 
lateral parotidectomy or extra capsular dissection could be applied 
for benign masses and total or radical parotidectomy along with neck 
dissection could be planned for malignant masses [12,13].

Salivary glands are superficial and most current imaging 
techniques such as B-mode sonography, Magnetic Resonance 
Imaging (MRI), And Computed Tomography (CT) is used as the 
imaging techniques in evaluating salivary gland masses. Although 
these modalities are used widely, they could not differentiate benign 
and malignant pathologies properly due to morphological overlaps 
between benign and malignant masses [14-16]. B-mode sonography 
is a time and cost-effective, easy to apply, and radiation free method 
which needs no contrast agent administration. However, most 
characteristics of benign masses overlap with malignant masses such 
as margin and echogenity [17].

Computed Tomography (CT) and Magnetic Resonance Imaging 
(MRI) provide more information about the relationship surrounding 
tissues of the tumor or bony structures, but these modalities are time 
consuming, expensive and unavailable in all settings. Alternatively, 
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pre-operative cytological evaluation has been considered as the gold 
standard for evaluating salivary gland masses but its false negative 
and positive results is notable [18,19].

Palpation is a subjective method which gives information about 
the degree of firmness of the tumor as the malignant tumors are 
firmer than benign tumors.

By introducing sonoelastography in 1987 by Krouskop et al. 
evaluation of the elasticity features of the tissue and examination 
of changes in tissue hardness in response to external forces will be 
possible [20].

Nowadays, it is widely used for distinguishing benign and 
malignant pathologies in different tissues such as breast, thyroid, 
prostate, liver and lymph nodes [21-25].

In previous systematic reviews, summary sensitivities of 
sonoelastography in differentiating benign and malignant breast, 
thyroid, prostate and lymph nodes were 0.83, 0.92, 0.62, 0.74 and 
summary specificities were as follow: 0.84, 0.79, 0.9 and 0.9 [26-29].

We found that summary sensitivity and specificity of 
sonoelastography in differentiating benign and malignant parotid 
tumors were lower than the diagnostic accuracy of this method for 
pathologies of masses in other tissues. As sonography is operator 
dependent and elastography is a new method, its application in 
evaluating superficial glands such as tumors located in salivary glands. 
Maybe, more experience and precise definition of elastography 
method and application should be introduced to radiologist.

References
1. Pinkston JA, Cole P. Incidence rates of salivary gland tumors: results from a 

population-based study. Otolaryngol Head Neck Surg. 1999; 120: 834-840.

2. Spiro RH. Salivary neoplasms: overview of a 35-year experience with 2,807 
patients. Head Neck Surg. 1986; 8: 177-184.

3. Yerli H, Eski E, Korucuk E, Kaskati T, Agildere AM. Sonoelastographic 
qualitative analysis for management of salivary gland masses. J Ultrasound 
Med. 2012; 31: 1083-1089.

4. Gritzmann N, Rettenbacher T, Hollerweger A, Macheiner P, Hübner E. 
Sonography of the salivary glands. Eur Radiol. 2003; 13: 964-975.

5. Schick S, Steiner E, Gahleitner A, Böhm P, Helbich T, Ba-Ssalamah A, et al. 
Differentiation of benign and malignant tumors of the parotid gland: value of 
pulsed Doppler and color Doppler sonography. Eur Radiol. 1998; 8: 1462-
1467.

6. Bradley MJ, Durham LH, Lancer JM. The role of colour flow Doppler in the 
investigation of the salivary gland tumour. Clin Radiol. 2000; 55: 759-762.

7. Bhatia KS, Rasalkar DD, Lee YP, Wong KT, King AD, Yuen HY, et al. 
Evaluation of real-time qualitative sonoelastography of focal lesions in the 
parotid and submandibular glands: applications and limitations. Eur Radiol. 
2010; 20: 1958-1964.

8. Celebi I, Mahmutoglu AS. Early results of real-time qualitative 
sonoelastography in the evaluation of parotid gland masses: a study with 
histopathological correlation. Acta Radiol. 2013; 54: 35-41.

9. Dumitriu D, Dudea S, Botar-Jid C, Baciut M, Baciut G. Real-time 
sonoelastography of major salivary gland tumors. AJR Am J Roentgenol. 
2011; 197: 924-930.

10. Dumitriu D, Dudea SM, Botar-Jid C, Baciut G. Ultrasonographic and 
sonoelastographic features of pleomorphic adenomas of the salivary glands. 
Med Ultrason. 2010; 12: 175-183.

11. Wierzbicka M, Kaluzny J, Szczepanek-Parulska E, Stangierski A, Gurgul E, 
Kopec T, et al. Is sonoelastography a helpful method for evaluation of parotid 
tumors? Eur Arch Otorhinolaryngol. 2013; 270: 2101-2107.

12. Stennert E, Wittekindt C, Klussmann JP, Guntinas-Lichius O. New aspects in 
parotid gland surgery. Otolaryngol Pol. 2004; 58: 109-114.

13. Klintworth N, Zenk J, Koch M, Iro H. Postoperative complications after 
extracapsular dissection of benign parotid lesions with particular reference to 
facial nerve function. Laryngoscope. 2010; 120: 484-490.

14. Bozzato A, Zenk J, Greess H, Hornung J, Gottwald F, Rabe C, et al. Potential 
of ultrasound diagnosis for parotid tumors: analysis of qualitative and 
quantitative parameters. Otolaryngol Head Neck Surg. 2007; 137: 642-646.

15. Ahuja AT, Evans R, Vlantis AC. Salivary gland cancer. In: Ahuja A, ed. 
Imaging in head and neck cancer: a practical approach. London: Greenwich 
Medical Media. 2003: 114–142.

16. Som PM, Brandwein MS. Salivary glands: anatomy and pathology. In: Som 
PM, Brandwein M, eds. Head and neck imaging. St Louis, MO: Mosby. 2003: 
2005–2033.

17. Klintworth N, Mantsopoulos K, Zenk J, Psychogios G, Iro H, Bozzato 
A. Sonoelastography of parotid gland tumours: initial experience and 
identification of characteristic patterns. Eur Radiol. 2012; 22: 947-956.

18. Zbären P, Guélat D, Loosli H, Stauffer E. Parotid tumors: fine-needle 
aspiration and/or frozen section. Otolaryngol Head Neck Surg. 2008; 139: 
811-815.

19. Howlett DC, Mercer J, Williams MD. Same day diagnosis of neck lumps using 
ultrasound-guided fine-needle core biopsy. Br J Oral Maxillofac Surg. 2008; 
46: 64-65.

20. Krouskop TA, Dougherty DR, Vinson FS. A pulsed Doppler ultrasonic system 
for making noninvasive measurements of the mechanical properties of soft 
tissue. J Rehabil Res Dev. 1987; 24: 1-8.

21. Itoh A, Ueno E, Tohno E, Kamma H, Takahashi H, Shiina T, et al. Breast 
disease: clinical application of US elastography for diagnosis. Radiology. 
2006; 239: 341-350.

22. Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Hiraoka M, et al. Cervical 
lymph node metastases: diagnosis at sonoelastography--initial experience. 
Radiology. 2007; 243: 258-267. 

23. Taylor LS, Rubens DJ, Porter BC, Wu Z, Baggs RB, di Sant’Agnese PA, et al. 
Prostate cancer: three-dimensional sonoelastography for in vitro detection. 
Radiology. 2005; 237: 981-985.

24. Friedrich-Rust M, Ong MF, Herrmann E, Dries V, Samaras P, Zeuzem S, 
et al. Real-time elastography for noninvasive assessment of liver fibrosis in 
chronic viral hepatitis. AJR Am J Roentgenol. 2007; 188: 758-764.

25. Teng DK, Wang H, Lin YQ, Sui GQ, Guo F, Sun LN. Value of ultrasound 
elastography in assessment of enlarged cervical lymph nodes. Asian Pac J 
Cancer Prev. 2012; 13: 2081-2085.

26. Gong X, Xu Q, Xu Z, Xiong P, Yan W, Chen Y. Real-time elastography for 
the differentiation of benign and malignant breast lesions: a meta-analysis. 
Breast Cancer Res Treat. 2011; 130: 11-18.

27. Bojunga J, Herrmann E, Meyer G, Weber S, Zeuzem S, Friedrich-Rus M. 
Real-Time Elastography for the Differentiation of Benign and Malignant 
Thyroid Nodules: A Meta-Analysis. THYROID. 2010; 20: 1145-1150.

28. Teng J, Chen M, Gao Y, Yao Y, Chen L, Xu D. Transrectal sonoelastography 
in the detection of prostate cancers: a meta-analysis. BJU Int. 2012; 110: 
614-620.

29. Ying L, Hou Y, Zheng HM, Lin X, Xie ZL, Hu YP. Real-time elastography for 
the differentiation of benign and malignant superficial lymph nodes: a meta-
analysis. Eur J Radiol. 2012; 81: 2576-2584. 

Citation: Ghajarzadeh M, Mohammadifar M and Emami-Razavi SH. Role of Sonoelastography in Differentiating 
Benign and Malignant Salivary Gland Tumors: A Systematic Review and Meta Analysis. Austin J Radiol. 2016; 
3(2): 1047.

Austin J Radiol - Volume 3 Issue 2 - 2016
ISSN : 2473-0637 | www.austinpublishinggroup.com 
Ghajarzadeh et al. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/10352436
http://www.ncbi.nlm.nih.gov/pubmed/10352436
http://www.ncbi.nlm.nih.gov/pubmed/3744850
http://www.ncbi.nlm.nih.gov/pubmed/3744850
http://www.ncbi.nlm.nih.gov/pubmed/22733857
http://www.ncbi.nlm.nih.gov/pubmed/22733857
http://www.ncbi.nlm.nih.gov/pubmed/22733857
http://www.ncbi.nlm.nih.gov/pubmed/12695816
http://www.ncbi.nlm.nih.gov/pubmed/12695816
http://www.ncbi.nlm.nih.gov/pubmed/9853238
http://www.ncbi.nlm.nih.gov/pubmed/9853238
http://www.ncbi.nlm.nih.gov/pubmed/9853238
http://www.ncbi.nlm.nih.gov/pubmed/9853238
http://www.ncbi.nlm.nih.gov/pubmed/11052876
http://www.ncbi.nlm.nih.gov/pubmed/11052876
http://www.ncbi.nlm.nih.gov/pubmed/20407904
http://www.ncbi.nlm.nih.gov/pubmed/20407904
http://www.ncbi.nlm.nih.gov/pubmed/20407904
http://www.ncbi.nlm.nih.gov/pubmed/20407904
http://www.ncbi.nlm.nih.gov/pubmed/23091238
http://www.ncbi.nlm.nih.gov/pubmed/23091238
http://www.ncbi.nlm.nih.gov/pubmed/23091238
http://www.ncbi.nlm.nih.gov/pubmed/22021543
http://www.ncbi.nlm.nih.gov/pubmed/22021543
http://www.ncbi.nlm.nih.gov/pubmed/22021543
http://www.ncbi.nlm.nih.gov/pubmed/21203593
http://www.ncbi.nlm.nih.gov/pubmed/21203593
http://www.ncbi.nlm.nih.gov/pubmed/21203593
http://www.ncbi.nlm.nih.gov/pubmed/23238699
http://www.ncbi.nlm.nih.gov/pubmed/23238699
http://www.ncbi.nlm.nih.gov/pubmed/23238699
http://www.ncbi.nlm.nih.gov/pubmed/15101269
http://www.ncbi.nlm.nih.gov/pubmed/15101269
http://www.ncbi.nlm.nih.gov/pubmed/20112414
http://www.ncbi.nlm.nih.gov/pubmed/20112414
http://www.ncbi.nlm.nih.gov/pubmed/20112414
http://www.ncbi.nlm.nih.gov/pubmed/17903584
http://www.ncbi.nlm.nih.gov/pubmed/17903584
http://www.ncbi.nlm.nih.gov/pubmed/17903584
http://www.abebooks.com/Imaging-Head-Neck-Cancer-Practical-Approach/9637774951/bd
http://www.abebooks.com/Imaging-Head-Neck-Cancer-Practical-Approach/9637774951/bd
http://www.abebooks.com/Imaging-Head-Neck-Cancer-Practical-Approach/9637774951/bd
http://www.ajnr.org/content/24/8/1717.short
http://www.ajnr.org/content/24/8/1717.short
http://www.ajnr.org/content/24/8/1717.short
http://www.ncbi.nlm.nih.gov/pubmed/22270139
http://www.ncbi.nlm.nih.gov/pubmed/22270139
http://www.ncbi.nlm.nih.gov/pubmed/22270139
http://www.ncbi.nlm.nih.gov/pubmed/19041508
http://www.ncbi.nlm.nih.gov/pubmed/19041508
http://www.ncbi.nlm.nih.gov/pubmed/19041508
http://www.ncbi.nlm.nih.gov/pubmed/17544185
http://www.ncbi.nlm.nih.gov/pubmed/17544185
http://www.ncbi.nlm.nih.gov/pubmed/17544185
http://www.ncbi.nlm.nih.gov/pubmed/3295197
http://www.ncbi.nlm.nih.gov/pubmed/3295197
http://www.ncbi.nlm.nih.gov/pubmed/3295197
http://www.ncbi.nlm.nih.gov/pubmed/16484352
http://www.ncbi.nlm.nih.gov/pubmed/16484352
http://www.ncbi.nlm.nih.gov/pubmed/16484352
http://www.ncbi.nlm.nih.gov/pubmed/17293571
http://www.ncbi.nlm.nih.gov/pubmed/17293571
http://www.ncbi.nlm.nih.gov/pubmed/17293571
http://www.ncbi.nlm.nih.gov/pubmed/16251396
http://www.ncbi.nlm.nih.gov/pubmed/16251396
http://www.ncbi.nlm.nih.gov/pubmed/16251396
http://www.ncbi.nlm.nih.gov/pubmed/17312065
http://www.ncbi.nlm.nih.gov/pubmed/17312065
http://www.ncbi.nlm.nih.gov/pubmed/17312065
http://www.ncbi.nlm.nih.gov/pubmed/22901174
http://www.ncbi.nlm.nih.gov/pubmed/22901174
http://www.ncbi.nlm.nih.gov/pubmed/22901174
http://www.ncbi.nlm.nih.gov/pubmed/21870128
http://www.ncbi.nlm.nih.gov/pubmed/21870128
http://www.ncbi.nlm.nih.gov/pubmed/21870128
http://www.ncbi.nlm.nih.gov/pubmed/20860422
http://www.ncbi.nlm.nih.gov/pubmed/20860422
http://www.ncbi.nlm.nih.gov/pubmed/20860422
http://www.ncbi.nlm.nih.gov/pubmed/22788672
http://www.ncbi.nlm.nih.gov/pubmed/22788672
http://www.ncbi.nlm.nih.gov/pubmed/22788672
http://www.ncbi.nlm.nih.gov/pubmed/22138121
http://www.ncbi.nlm.nih.gov/pubmed/22138121
http://www.ncbi.nlm.nih.gov/pubmed/22138121

	Title
	Abstract
	Introduction
	Materials and Methods
	Data extraction and quality assessment
	Statistical analysis and data synthesis

	Results
	Quality assessment of included studies
	Test of heterogeneity
	Discussion
	References
	Table 1
	Table 2
	Table 3

