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ABSTRACT 

INTRODUCTION: Rubber dam, an important revolutionary invention in the field of dentistry by Dr.SC Barnum in the 
year 1864 improvised the accessibility and visibility to the working area, the efficiency of the operator as intermittent 

expectoration, it also improvised the properties of dental materials leading to overall increase in the final outcome of the 

restoration. 

AIM: To evaluate the knowledge attitude and  awareness on importance of  rubber dam among dental students 

MATERIALS AND METHOD: An online survey was conducted with a self-structured questionnaire among dental 

students with a sample size of 100. The questionnaire was designed using the online survey platform “google forms” and 

the questionnaire was circulated and responses were collected. A Chi-square test was done with SPSS software version 

21.0  and values were analyzed. Bar diagrams and Pie charts were used for output variable representation. P value was set 

at 0.05. 

RESULTS: 66.98% of the participants were aware of the use of rubber dam. When comparing the gender of the 

participants, male participants had better knowledge and awareness than female participants on rubber dam and this was 

statistically significant (p=0.00). 
Conclusion: From our study it is evident that most of them reported positively and these results concluded that the 

majority of them are aware of rubber dam. 
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INTRODUCTION 

Rubber dam, an important revolutionary invention in the field of dentistry by Dr. SC Barnum in the year 1864 improvised 

the accessibility and visibility to the working area, the efficiency of the operator as intermittent expectoration, it also 

improved the properties of dental materials leading to overall increase in the final outcome of the restoration. The most 

ideal device for tooth isolation is a Rubber dam (RD). A clean and drier field, improved operator visibility and access, 

infection control, increased patient comfort and safety, are some many documented benefits of using a Rubber dam. 
Rubber Dam consists of a kit comprising rubber dam sheet, retainers,rubber dam retainer forceps, rubber dam holder, 

rubber dam pouch, templates. Rubber dam sheet is available in various forms such as rolls, sheets of size of 5”” X5”” or 

in the sheet of 6”” X6”’ dimensions. It is available in various colors but green and blue are preferred because of their 

good contrast with the surroundings. Retainers, an important part of the kit, are generally used to secure the dam to the 

teeth that are to be isolated and  to minimally retract the gingival tissue. An retainer has parts such as bow, hole,jaw, 

prongs. Due to its obvious merits, most dental schools teach the importance of Rubber dams for certain procedures, e.g. 

adhesive dentistry etc. Because of its wide range of functions, It is more often overlooked by dental practitioners. 

Because of its helpful advantages during operative and endodontic procedures it has been used long in the dental 

field.(1,2) Isolation, an immense importance procedure in dentistry is done to isolate the working area from moisture like 

saliva, blood,gingival reticular fluid and also from soft tissues like lips, cheeks,gingival and tongue. It reduces bacterial 

contamination and offers an excellent means of infection control during dental treatment (3,4). We can consider it as a 

standard of care during many dental procedures, due to its merits(5,6). It also provides an infection control barrier for the 
dentists and patients by preventing the cross contamination.(7,8) Even though the concept of isolating teeth undergoing 

root canal treatment (RCT) was first introduced 150 years ago, to this date, rubber dam (RD) is still the ideal tool for 

tooth isolation during dental therapeutic procedures. The current study results will act as proof, depicting the dental 

students are aware about the importance of rubber dams with this evidence any further research concerned with this topic 

can be performed in the future. Our team has extensive knowledge and research experience  that has translate into high 

quality publications (9–18),(19–22),(23–27)(28) 

 

This present study aims to to evaluate the knowledge attitude and awareness on the importance of  rubber dam among 

dental students 
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MATERIALS AND METHOD: 

An online survey was conducted with a self structured questionnaire among dental students with a sample size of 100. 

The questionnaire was designed using the online survey platform “google forms” and through social media the 

questionnaire was circulated and responses were collected. The questionnaire consisted of questions related to 

socioeconomic data and the importance of rubber dam..The study was approved by the Scientific Review Board of 
Saveetha dental college, Chennai. Measures such as the selection of participants randomly, steps to prevent asking 

irrelevant questions to the participants, placing restrictions over participant population and age groups are taken to 

minimize the bias occurring in sampling. With the collected data a descriptive analysis test and Chi square tests were 

performed using the software “SPSS VERSION 21” and the findings of the present study was displayed in the form of 

pie charts and bar graphs. The level of significance was set at p<0.05. 

Table 1 : Questionnaire with responses 

Questions  Response Percentage 

● Gender 
Male 

Female 

 
59 

47 

 
55.7 

44.3 

year of study 

 

  

● Do you know how to use a rubber dam? 

yes  

No  

 

71 

35 

 

67 

33 

● Is a rubber dam uncomfortable for patients? 

Yes 

No 

 

72 

32 

 

67.9 

30.2 

● Do you ask your patients whether they have latex allergy prior to rubber dam 

use? 

Yes 

No  

 

 

71 

34 

 

 

67 

32.1 

● Rubber dam usage improves the quality of the treatment 

Strongly agree 

Agree 

Disagree 

Strongly disagree 

 

22 

56 

18 

10 

 

20.8 

52.8 

17.0 

9.4 

● Rubber dam usage improves the efficiency of the operator 

Strongly agree 

Agree 

Disagree 

Strongly disagree 

 

16 

56 

21 

12 

 

15.1 

52.8 

19.8 

11.3 

● Rubber dam usage increases the longevity of composite restorations 

Strongly agree 

Agree 

Disagree 

Strongly disagree 

 

 

 

16 

60 

18 

10 

 

 

15.1 

56.6 

17.0 

9.4 

● Rubber dam eases access to root canals 

Agree 

Disagree 

 

68 

38 

 

64.2 

35.8 
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● Are you aware of the liquid rubber dam / gingival dam? 

Yes 

No 

 

70 

36 

 

66.0 

34.0 

● What is the major factor that makes rubber dam application a difficult 

procedure?  

Selection of the clamp and its adaptation 

Placement if frame 

Placement of rubber dam 

 

 

63 

13 

30 

 

 

59.4 

12.3 

28.3 

● During what procedure(s) do you use a rubber dam? 

Amalgam restorations 

Composite restoration 

Root canal treatment 

All of the above 

 

14 

21 

21 

48 

 

13.2 

19.8 

19.8 

45.3 

 

Results 

The result from this current study depicts the awareness level of participants about how to use a rubber dam .66.98% were 

aware ,33.02%were not aware (Fig 1). Male participants were more aware about the use of rubber dam than females and 

this was statistically significant (P value 0.00<0.05) as seen in Fig 7. 

 
 

 

 
FIG 1: Pie chart depicts the awareness level of participants when they are questioned about their awareness on the use of 

rubber dam .66.98% (green) answered yes and 33.02% (blue) answered no. 



International Journal of Early Childhood Special Education (INT-JECSE)  
DOI:10.9756/INTJECSE/V14I5.211 ISSN: 1308-5581 Vol 14, Issue 05 2022 

 

1988 
 

 
FIG 2: Pie chart depicts the percentage distribution of participants who ask their patients about latex allergy prior to 

rubber dam use. 66.98% (magenta) answered yes while 33.08% (green) answered no. 

 

 
FIG 3: Pie chart depicts the attitude of participants on rubber dam improving the quality of treatment. 52.83% (blue) 

answered agree, 20.75% (red) answered strongly agree, 16.98% (green) answered disagree and remaining 9.43% (orange) 
answered strongly disagree 

 

 
FIG 4: Pie chart depicts the awareness of participants on liquid rubber dam/ gingival dam. .66.04% (green) answered yes 
while 33.96%(blue) answered no. 
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FIG 5: Pie chart depicts the awareness participants on rubber dam improving the efficiency of the operator. 52.83% 

(blue) answered agree, 19.81% (green) answered disagree, 15.09% (red) answered strongly agree and remaining 11.32% 

(orange) answered strongly disagree. 

 

 

 

 

 
 

FIG 6: Pie chart depicts the percentage distribution of procedures during which the participants use rubber dam. 19.81% 

(red) answered composite restoration, 19.81% answered Root canal treatment, 13.21% (green) answered amalgam 

restoration and 45.28%(blue) answered as all the above,  
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FIG 7: Bar graph representing the association between gender and the awareness on the use of rubber dam. X axis 

denotes gender and Y axis denotes number of responses. Blue colour denotes yes and Green colour denotes no. Majority 

of male participants responded yes while the majority of females responded no. The association was statistically 

significant (Chi square test p value=0.00<0.05; statistically significant).  

 
FIG 8: Bar graph representing the association between gender and the participants' attitude on rubber dam being 

uncomfortable for patients. X axis denotes gender and Y axis denotes number of responses. Blue colour denotes yes and 

Green colour denotes no. Majority of male participants responded yes while the majority of females responded no. The 

association was statistically significant (Chi square test p value=0.00<0.05; statistically significant).  



International Journal of Early Childhood Special Education (INT-JECSE)  
DOI:10.9756/INTJECSE/V14I5.211 ISSN: 1308-5581 Vol 14, Issue 05 2022 

 

1991 
 

 
 

FIG 9: Bar graph representing the association between gender and the participants’ responses to whether they ask 

patients about latex allergy prior to rubber dam use. X axis denotes gender and Y axis denotes number of responses. Blue 

colour denotes yes and Green colour denotes no. Majority of male participants responded yes while the majority of 
females responded no. The association was statistically significant (Chi square test p value=0.00<0.05; statistically 

significant).  

 

DISCUSSION: 
The clinicians' visibility of the tooth is greatly improved by using the rubber dam because it increases the contrast around 

the tooth or teeth, in the meantime it retracts the soft tissues such as the cheeks, lips, tongue, and reduces mirror fogging, 

allowing the clinician to be very focus on the restorative site which can lead to the procedure also being more time 

efficient (29,30) 52.83% of the participants agreed to this in this study (Fig 3)  

Fig 2 depicts the awareness level of participants when they are questioned about whether they ask patients about latex 

allergy prior to rubber dam use. 66.98% were answered as yes, which correlated with the previous study. Primarily the 

rubber dams are made of latex, some patients experience various reactions like allergic contact cheilitis, allergic contact 
dermatitis, allergic contact stomatitis etc which are uncomfortable to life-threatening like anaphylaxis. For patients with 

latex allergy nitrile versions are available. 

Fig 4 depicts the awareness level of participants when they are questioned about what is the major procedure that makes 

rubber dam application a difficult procedure.59.43% answered as to the selection of the clamp and its adaptation.These 

frames are made from stainless steel, polypropylene or other polymer plastics but irrespective of the materials they made 

the frame will always have small pins on the outer edges which act to secure the dam sheet to the frame.The importance 

of a rubber dam frame is to keep the dam sheet around the targeted areas and this will ensure that a clinician can work 

effectively on the tooth without the dam sheet which disturbs the vision and becomes entangled in dental instruments 

during the procedure. 

About 40 infectious hazards for the patient and dental personnel in the dental surgery said by American Dental 

Association Research Institute, (31) Of these the most important are oral lesions, conjunctivitis due to Neisseria 

gonorrhoeae,influenza, tuberculosis, meningitis due to the mumps virus, and acquired immunodeficiency syndrome 
(AIDS)  syphilitic lesions, hepatitis A-E, parotitis, (32,33). So it is reasonable now that any method that decreases the 

viable bacterial content of aerosols could lower the risk of cross-contamination in dental clinics.which was correlated 

with  our results. Fig 5depicts the awareness level of participants when they are questioned about whether rubber dam 

usage improves the efficiency of the operator wherein 52.83% agreed. When comparing the gender of the participants, 

male participants had better knowledge and awareness than female participants on rubber dam and this was statistically 

significant, as seen in Fig 7, 8 and 9. 

The limitation of this study is only 100 participants were included and  in the future studies more population needs to be 

included. The current study results acts as a proof that the dental students are aware about  rubber dams and hence with 

this evidence any further research concerned with this topic can be performed. 
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Conclusion 

It may be necessary to increase the awareness of dental students to the benefits of rubber dam use by means of stressing 

its importance in studies. From our study it is evident that most of them reported positively and these results concluded 

that the majority of them are aware of rubber dam . 

 

Reference 
1.  Hill EE, Rubel BS. Do dental educators need to improve their approach to teaching rubber dam use? J Dent Educ. 

2008 Oct;72(10):1177–81. 

2.  Ahmad IA. Rubber dam usage for endodontic treatment: a review. IntEndod J. 2009 Nov;42(11):963–72. 

3.  European Society of Endodontology. Quality guidelines for endodontic treatment: consensus report of the European 

Society of Endodontology. IntEndod J. 2006 Dec;39(12):921–30. 

4.  Filipović J, Jukić S, Miletić I, Pavelić B, Malčić A, Anić I. Patient’s attitude to rubber dam use. ActaStomatol 
Croat. 2004 Dec 15;38(4):319–22. 

5.  Gergely EJ. Desmond Greer Walker Award. Rubber dam acceptance. Br Dent J. 1989 Oct 7;167(7):249–52. 

6.  Rule RW. Rubber dam: its use and adjustment. Pac Dent Gas. 1931;39:541–56. 

7.  IRELAND, L. The rubber dam : its advantages and application. Tex Dent J. 1962;80:6–15. 

8.  Rugg-Gunn AJ, Welbury RR, Toumba J, British Society of Paediatric Dentistry. British Society of Paediatric 

Dentistry: a policy document on the use of amalgam in paediatric dentistry. Int J Paediatr Dent. 2001 

May;11(3):233–8. 

9.  Muthukrishnan L. Imminent antimicrobial bioink deploying cellulose, alginate, EPS and synthetic polymers for 3D 

bioprinting of tissue constructs. CarbohydrPolym. 2021 May 15;260:117774. 

10.  PradeepKumar AR, Shemesh H, Nivedhitha MS, Hashir MMJ, Arockiam S, Uma Maheswari TN, et al. Diagnosis 

of Vertical Root Fractures by Cone-beam Computed Tomography in Root-filled Teeth with Confirmation by Direct 
Visualization: A Systematic Review and Meta-Analysis. J Endod. 2021 Aug;47(8):1198–214. 

11.  Chakraborty T, Jamal RF, Battineni G, Teja KV, Marto CM, Spagnuolo G. A Review of Prolonged Post-COVID-

19 Symptoms and Their Implications on Dental Management. Int J Environ Res Public Health [Internet]. 2021 May 

12;18(10). Available from: http://dx.doi.org/10.3390/ijerph18105131 

12.  Muthukrishnan L. Nanotechnology for cleaner leather production: a review. Environ ChemLett. 2021 Jun 

1;19(3):2527–49. 

13.  Teja KV, Ramesh S. Is a filled lateral canal - A sign of superiority? J Dent Sci. 2020 Dec;15(4):562–3. 

14.  Narendran K, Jayalakshmi, Ms N, Sarvanan A, Ganesan S A, Sukumar E. Synthesis, characterization, free radical 

scavenging and cytotoxic activities of phenylvilangin, a substituted dimer of embelin. ijps [Internet]. 2020;82(5). 

Available from: https://www.ijpsonline.com/articles/synthesis-characterization-free-radical-scavenging-and-

cytotoxic-activities-of-phenylvilangin-a-substituted-dimer-of-embelin-4041.html 

15.  Reddy P, Krithikadatta J, Srinivasan V, Raghu S, Velumurugan N. Dental Caries Profile and Associated Risk 
Factors Among Adolescent School Children in an Urban South-Indian City. Oral Health Prev Dent. 2020 Apr 

1;18(1):379–86. 

16.  Sawant K, Pawar AM, Banga KS, Machado R, Karobari MI, Marya A, et al. Dentinal Microcracks after Root Canal 

Instrumentation Using Instruments Manufactured with Different NiTi Alloys and the SAF System: A Systematic 

Review. NATO AdvSciInstSer E Appl Sci. 2021 May 28;11(11):4984. 

17.  Bhavikatti SK, Karobari MI, Zainuddin SLA, Marya A, Nadaf SJ, Sawant VJ, et al. Investigating the Antioxidant 

and Cytocompatibility of Mimusops elengi Linn Extract over Human Gingival Fibroblast Cells. Int J Environ Res 

Public Health [Internet]. 2021 Jul 4;18(13). Available from: http://dx.doi.org/10.3390/ijerph18137162 

18.  Karobari MI, Basheer SN, Sayed FR, Shaikh S, Agwan MAS, Marya A, et al. An In Vitro Stereomicroscopic 

Evaluation of Bioactivity between Neo MTA Plus, Pro Root MTA, BIODENTINE & Glass Ionomer Cement Using 

Dye Penetration Method. Materials [Internet]. 2021 Jun 8;14(12). Available from: 
http://dx.doi.org/10.3390/ma14123159 

19.  Rohit Singh T, Ezhilarasan D. Ethanolic Extract of Lagerstroemia Speciosa (L.) Pers., Induces Apoptosis and Cell 

Cycle Arrest in HepG2 Cells. Nutr Cancer. 2020;72(1):146–56. 

20.  Ezhilarasan D. MicroRNA interplay between hepatic stellate cell quiescence and activation. Eur J Pharmacol. 2020 

Oct 15;885:173507. 

21.  Romera A, Peredpaya S, Shparyk Y, Bondarenko I, MendonçaBariani G, Abdalla KC, et al. 

Bevacizumabbiosimilar BEVZ92 versus reference bevacizumab in combination with FOLFOX or FOLFIRI as first-

line treatment for metastatic colorectal cancer: a multicentre, open-label, randomised controlled trial. Lancet 

GastroenterolHepatol. 2018 Dec;3(12):845–55. 

http://paperpile.com/b/kMFfZ7/TELL
http://paperpile.com/b/kMFfZ7/TELL
http://paperpile.com/b/kMFfZ7/NiJ3
http://paperpile.com/b/kMFfZ7/qqc5
http://paperpile.com/b/kMFfZ7/qqc5
http://paperpile.com/b/kMFfZ7/hcx2
http://paperpile.com/b/kMFfZ7/hcx2
http://paperpile.com/b/kMFfZ7/Gxhx
http://paperpile.com/b/kMFfZ7/U9s8
http://paperpile.com/b/kMFfZ7/aY85
http://paperpile.com/b/kMFfZ7/nd1A
http://paperpile.com/b/kMFfZ7/nd1A
http://paperpile.com/b/kMFfZ7/nd1A
http://paperpile.com/b/kMFfZ7/tM1NT
http://paperpile.com/b/kMFfZ7/tM1NT
http://paperpile.com/b/kMFfZ7/qTRga
http://paperpile.com/b/kMFfZ7/qTRga
http://paperpile.com/b/kMFfZ7/qTRga
http://paperpile.com/b/kMFfZ7/X8d6Q
http://paperpile.com/b/kMFfZ7/X8d6Q
http://paperpile.com/b/kMFfZ7/X8d6Q
http://paperpile.com/b/kMFfZ7/X8d6Q
http://paperpile.com/b/kMFfZ7/ZZfin
http://paperpile.com/b/kMFfZ7/ZZfin
http://paperpile.com/b/kMFfZ7/s4eM8
http://paperpile.com/b/kMFfZ7/Pz6fY
http://paperpile.com/b/kMFfZ7/Pz6fY
http://paperpile.com/b/kMFfZ7/Pz6fY
http://paperpile.com/b/kMFfZ7/Pz6fY
https://www.ijpsonline.com/articles/synthesis-characterization-free-radical-scavenging-and-cytotoxic-activities-of-phenylvilangin-a-substituted-dimer-of-embelin-4041.html
http://paperpile.com/b/kMFfZ7/nh1us
http://paperpile.com/b/kMFfZ7/nh1us
http://paperpile.com/b/kMFfZ7/nh1us
http://paperpile.com/b/kMFfZ7/JYnZh
http://paperpile.com/b/kMFfZ7/JYnZh
http://paperpile.com/b/kMFfZ7/JYnZh
http://paperpile.com/b/kMFfZ7/1i73B
http://paperpile.com/b/kMFfZ7/1i73B
http://paperpile.com/b/kMFfZ7/1i73B
http://paperpile.com/b/kMFfZ7/1i73B
http://paperpile.com/b/kMFfZ7/4UIlW
http://paperpile.com/b/kMFfZ7/4UIlW
http://paperpile.com/b/kMFfZ7/4UIlW
http://paperpile.com/b/kMFfZ7/4UIlW
http://dx.doi.org/10.3390/ma14123159
http://paperpile.com/b/kMFfZ7/6ZprN
http://paperpile.com/b/kMFfZ7/6ZprN
http://paperpile.com/b/kMFfZ7/cF4F1
http://paperpile.com/b/kMFfZ7/cF4F1
http://paperpile.com/b/kMFfZ7/AXhuK
http://paperpile.com/b/kMFfZ7/AXhuK
http://paperpile.com/b/kMFfZ7/AXhuK
http://paperpile.com/b/kMFfZ7/AXhuK


International Journal of Early Childhood Special Education (INT-JECSE)  
DOI:10.9756/INTJECSE/V14I5.211 ISSN: 1308-5581 Vol 14, Issue 05 2022 

 

1993 
 

22.  Raj R K, D E, S R. β-Sitosterol-assisted silver nanoparticles activates Nrf2 and triggers mitochondrial apoptosis via 

oxidative stress in human hepatocellular cancer cell line. J Biomed Mater Res A. 2020 Sep;108(9):1899–908. 

23.  VijayashreePriyadharsini J. In silico validation of the non-antibiotic drugs acetaminophen and ibuprofen as 

antibacterial agents against red complex pathogens. J Periodontol. 2019 Dec;90(12):1441–8. 

24.  Priyadharsini JV, Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico analysis of virulence 

genes in an emerging dental pathogen A. baumannii and related species [Internet]. Vol. 94, Archives of Oral 
Biology. 2018. p. 93–8. Available from: http://dx.doi.org/10.1016/j.archoralbio.2018.07.001 

25.  Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile of salivary micro RNA-21 and 31 in oral 

potentially malignant disorders. Braz Oral Res. 2020 Feb 10;34:e002. 

26.  Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the Maximum Occlusal Bite Force and its 

Relation to the Caries Spectrum of First Permanent Molars in Early Permanent Dentition. J ClinPediatr Dent. 2020 

Dec 1;44(6):423–8. 

27.  Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, Thiruvenkatachari B. Dens invaginatus: a review 

and orthodontic implications. Br Dent J. 2021 Mar;230(6):345–50. 

28.  Kanniah P, Radhamani J, Chelliah P, Muthusamy N, Joshua JebasinghSathiyaBalasingh E, ReetaThangapandi J, et 

al. Green synthesis of multifaceted silver nanoparticles using the flower extract of Aervalanata and evaluation of its 

biological and environmental applications. ChemistrySelect. 2020 Feb 21;5(7):2322–31. 

29.  Cochran MA, Miller CH, Sheldrake MA. The efficacy of the rubber dam as a barrier to the spread of 
microorganisms during dental treatment. The Journal of the American Dental Association. 1989 Jul 1;119(1):141–

4. 

30.  Kidd EAM. Rubber dam in clinical practice [Internet]. Vol. 20, Journal of Dentistry. 1992. p. 282. Available from: 

http://dx.doi.org/10.1016/0300-5712(92)90046-f 

31.  Institute AR. Infectious hazards for both dental personnel and patients in the operatory. The Journal of the 

American Dental Association. 1988;117(2):374. 

32.  Davies KJ, Herbert AM, Westmoreland D, Bagg J. Seroepidemiological study of respiratory virus infections among 

dental surgeons. Br Dent J. 1994 Apr 9;176(7):262–5. 

33.  Beekmann SE, Henderson DK. Managing occupational risks in the dental office: HIV and the dental professional. J 

Am Dent Assoc. 1994 Jul;125(7):847–52. 

http://paperpile.com/b/kMFfZ7/BNrOm
http://paperpile.com/b/kMFfZ7/BNrOm
http://paperpile.com/b/kMFfZ7/F99kw
http://paperpile.com/b/kMFfZ7/F99kw
http://paperpile.com/b/kMFfZ7/gWNw0
http://paperpile.com/b/kMFfZ7/gWNw0
http://paperpile.com/b/kMFfZ7/gWNw0
http://paperpile.com/b/kMFfZ7/gWNw0
http://paperpile.com/b/kMFfZ7/tEk81
http://paperpile.com/b/kMFfZ7/tEk81
http://paperpile.com/b/kMFfZ7/nDwAg
http://paperpile.com/b/kMFfZ7/nDwAg
http://paperpile.com/b/kMFfZ7/nDwAg
http://paperpile.com/b/kMFfZ7/ZzKxX
http://paperpile.com/b/kMFfZ7/ZzKxX
http://paperpile.com/b/kMFfZ7/gJdqx
http://paperpile.com/b/kMFfZ7/gJdqx
http://paperpile.com/b/kMFfZ7/gJdqx
http://paperpile.com/b/kMFfZ7/zl5z
http://paperpile.com/b/kMFfZ7/zl5z
http://paperpile.com/b/kMFfZ7/zl5z
http://paperpile.com/b/kMFfZ7/QKEb
http://paperpile.com/b/kMFfZ7/QKEb
http://dx.doi.org/10.1016/0300-5712(92)90046-f
http://paperpile.com/b/kMFfZ7/1CGy
http://paperpile.com/b/kMFfZ7/1CGy
http://paperpile.com/b/kMFfZ7/flAF
http://paperpile.com/b/kMFfZ7/flAF
http://paperpile.com/b/kMFfZ7/WuQh
http://paperpile.com/b/kMFfZ7/WuQh

