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Borderline ovarian tumors (BOTs) are charac-
terized by atypical epithelial proliferation without 
stromal invasion.1 BOTs constitute 14-15% of ep-
ithelial ovarian tumors and the incidence of BOTs is 
1.8 to 5.5 in every 100,000 women per year.2-4 BOTs 
have a better prognosis due to diagnosis in early stage 
of disease in a great majority of patients.2,5,6 Approx-
imately one third of the women with BOT are under 
the age of 40.2,7 Therefore, ovarian preservation is im-
portant. In young women to determine the surgical 
approach intraoperatively gives a great advantage of 
fertility preserving. Histopathological examination is 
the only method to diagnose BOTs. It might be pos-
sible to diagnose BOTs intraoperatively by frozen 
section. Diagnostic accuracy of frozen section in be-
nign and malignant ovarian lesions except in BOTs 
shows a good sensitivity (65-100%) and an excellent 

specificity (>99%).8 According to the literature, the 
diagnostic accuracy of frozen section is varying be-
tween 48% and 79% in BOTs.9-15 In this study we 
aimed to present our experiences on frozen section in 
BOTs. 

Frozen section procedure gives a great advan-
tage of fertility preserving in young women with 
BOT. However, diagnostic accuracy of frozen section 
in BOTs is not as high as the other ovarian lesions. 
In present study, we aimed to compare frozen section 
and final pathology results in BOTs. 

 MATERIAL AND METHODS 
This is a single institutional retrospective cohort 
study conducted at a tertiary cancer center. Institu-
tional review board approval was received from 
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Zeynep Kamil Women's and Children's Disease 
Training and Research Hospital Ethics Committee 
(approval date/number: 26.05.2017/109). One hun-
dred four patients operated with preoperative diag-
nosis of BOT in our clinic between January 2007 and 
January 2017 were evaluated. Three patients diag-
nosed with mixed ovarian tumors were excluded 
from the study. Three patients diagnosed in different 
clinics and one patient who was not able to be per-
formed a frozen section procedure were excluded 
from our study. Medical records, operation details, 
and the data of 97 patients (including age, menstrua-
tion, preoperative serum CA-125 and CA19-9 values, 
frozen section results, histologic subtypes, tumor 
sizes, tumor lateralization, capsule involvement and 
final pathologic diagnosis) were collected from our 
electronical database. Both frozen sections and final 
paraffin sections of all patients were examined by the 
same gynecopathologist. After the macroscopic ex-
amination, frozen section was performed by taking a 
1 cm tissue from the suspicious area of tumor and the 
materials were frozen until -22 °C and sliced into 5 
micrometer sections. Frozen sections were reported 
as benign, borderline, at least borderline, or malig-
nant. Final paraffin sections were reported as benign, 
borderline or malignant. Each frozen section and final 
paraffin section results were compared and the agree-
ment was evaluated. When calculating the sensitiv-
ity, specificity, positive predictive value, and negative 
predictive value, malignant and benign results were 
counted as negative test results at the final pathology, 
while benign and ‘at least borderline’ results were 
counted as negative test results at the frozen section 
examination. 

All statistical analyses were performed using 
Number Cruncher Statistical System 2007, Statisti-
cal Software (Utah, USA). One-way ANOVA test and 
independent t-test were used to compare the groups. 
Kruskal-Wallis test for intergroup comparisons of 
variables without normal distribution. Dunn’s multi-
ple comparison test and Mann-Whitney U test were 
used for the comparison of paired groups, and chi-
square test for categorical variables. Sensitivity, 
specificity, positive predictive value, negative pre-
dictive value and odds ratio were calculated to show 
the compatibility of the final paraffin section and 

frozen section results. A p-value <0.05 was used as 
the cut-off for significance. 

 RESULTS 
Mean age of the patients was 41.61±13.35 years. 
Sixty-eight patients (70.10%) were premenopausal 
and 29 patients (29.90%) were postmenopausal. The 
comparison of frozen section and final paraffin sec-
tion results were shown in Table 1. Diagnosis of 57 
(82.60%) patients with BOT on frozen section did not 
change on final pathology report. All of the patients 
with at least BOT in the frozen section (n=8) were di-
agnosed with malignant ovarian tumor at the final 
pathology. The accuracy of frozen section was calcu-
lated as 67%. Comparisons of histologic subtypes of 
the tumors on frozen section and final pathology were 
shown in Table 2. Histologic subtypes were not re-
ported in 15 (15.46%) patients with benign ovarian 
tumors. Factors affecting the agreement of the frozen 
section and the final pathology were shown in Table 
3. There was a statistically significant difference be-
tween mucinous, endometrioid and serous tumors in 
terms of mean tumor sizes (p=0.001). Mean size of 
mucinous tumors was significantly higher than en-
dometrioid and serous tumors (p=0.046 and p=0.001, 
respectively). CA-125 values of the patients with ma-
lignant ovarian tumor were higher than the patients 
with BOT (p=0.005). Mean CA-125 values of the pa-
tients with serous and mucinous BOTs on final paraf-
fin section were 277 IU/mL and 20 IU/mL, 
respectively and CA-125 values were significantly 
higher in patients with serous BOT (p=0.0001). 
Seven of 77 patients (9.09%) with BOT on final 
paraffin section had micro-invasion. Five patients 
with serous BOT and 2 patients with mucinous BOT 
had micro-invasion on the final paraffin section. Fer-
tility sparing surgery was performed in 68 (70.11%) 
patients and complete staging surgery was performed 
in 29 (29.89%) patients. Fifteen patients (15.46%) 
underwent laparoscopic surgery and 79 (81.44%) pa-
tients underwent laparotomy. Appendectomy was 
performed in 32 (32.98%) patients and involvement 
of appendix was detected in one (3.12%) patient. 
Lymph node dissection was performed in 50 
(51.54%) patients and involvement of lymph node 
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was detected in 5 (10%) of them. The final pathology 
reports of these 5 patients were invasive ovarian can-
cer.  

Five (7.25%) patients with BOT on frozen section 
were underdiagnosed and fertility sparing surgery 
were performed, but they had invasive ovarian cancer 

                      Final paraffin section 
 n                                Malignant                           Borderline                     Benign 
At least borderline† 8 8 100% 0 0.00% 0 0.00% 

Frozen section Borderline‡ 69 9 13.04% 57 82.60% 3 4.36% 
Benign§ 20 0 0.00% 20 100% 0 0.00% 

TABLE 1:  Comparison of final paraffin section and frozen section results

†: Row includes 8 patients had at least borderline ovarian pathology on frozen section and all of them was interpreted as malignant on final paraffin section; ‡: Row includes 69 patients 
were interpreted as borderline on frozen section and only 57 of them was reported as borderline on final pathology, 12 of them was misinterpreted on frozen section; §: Row includes 
20 patient who had benign ovarian lesion according to frozen section but it was reported as borderline on final paraffin section. 

                                   Final pathology results 
Serous Mucinous Endometrioid Transitional 

Serous† 45 (54.88%) 44 (97.77%) - 1 (2.23%) - 

Frozen section
Mucinous‡ 32 (39.02%) 5 (15.63%) 27 (84.37%) - - 
Endometrioid§ 4 (4.88%) - - 4 (100.00%) - 
Transitional§ 1 (1.03%) - - - 1 (100.00%)

TABLE 2:  Comparison of histologic subtypes of the tumors on final pathology and frozen section.

†: Serous ovarian lesion was the most common diagnosis on frozen section and only 1 of them reinterpreted as endometrioid on final pathology;  
‡: Mucinous tumors were more likely misinterpreted on frozen section than the other histologic subtypes;  
§: Endometrioid and transitional tumors were rarely seen but they had 100.00% compliance both on frozen section and final paraffin section in our study.

 Concordant Discordant p value 
Age  41.74±13.9 41.31±12.3 0.883 
Cystic/ solid† Cystic 46 73.02% 23 74.19% 0.991 

Solid  2 3.17% 1 3.23%  
Semi-solid 15 23.81% 7 22.58%  

Macroscopy‡ Papillary¶ 40 71.43% 9 39.13% 0.005* 
Multicyctic  6 10.71% 9 39.13%  
Multicyctic-papillary 7 12.50% 1 4.35%  
Polipoid 2 3.57% 1 4.35%  
Other (Necrosis etc.)  1 1.79% 3 13.04%  

Size 11.92±6.59 12.97±7.42 0.480 
Laterality Unilateral 52 80.00% 27 84.38% 0.602 

Bilateral 13 20.00% 5 15.63%  
Capsule§ Intact 38 60.32% 26 81.25% 0.068 

Unintact  25 39.68% 6 18.75%  
CA-125 240.64±713.44 201.81±426.77 0.447 
CA 19-9 77.84±241.82 996.55±3000.85 0.912 

TABLE 3:  Factors affecting the compatibility of the frozen section and the final pathology results.

†: Row excludes 3 patients that did not interpret solid, cystic or semi solid on frozen section result;  
‡: Row excludes 18 patients that had no macroscopic definition on frozen section result;  
§: Row excludes 2 patients that had no information about capsule involvement on frozen section result;  
¶: Papillarity is the most important factor that effecting the compliance when it is compared to other macroscopic features.  
* In this study macroscopic features are the factors that affecting compliance between frozen section and final paraffin section significantly (p<0.005).



on the final pathology. Three of them underwent 
complete surgical staging surgery and other 2 patients 
refused follow-up in our clinic. One (1.45%) patient 
who was overdiagnosed as BOT on frozen section 
and had complete staging surgery was reported as be-
nign on final paraffin section. One patient with 18 
weeks of pregnancy underwent laparotomy because 
of an ovarian lesion and fertility sparing surgery was 
performed depending on frozen section report. The 
frozen section and the final paraffin section were con-
cordant and reported as serous BOT. One patient who 
underwent cystectomy during cesarean section had 
benign lesion at frozen section, the final pathology 
report was serous BOT. But this patient had no further 
follow-up data in our clinic. During the cesarean sec-
tion, one patient was diagnosed with serous BOT on 
frozen section and underwent unilateral salpingo-
oophorectomy with lymph node dissection. The final 
pathology was BOT in this case. Endometriosis was 
accompanied by at least endometrioid BOT on frozen 
section in 3 patients and 2 of them underwent com-
plete staging surgery. However, one of them under-
went fertility sparing surgery due to communication 
problems between the pathologists and the surgeons. 
The final diagnosis of 3 patients were invasive en-
dometrioid ovarian tumor. The patient who was per-
formed fertility sparing surgery refused follow-up. 
One patient was overdiagnosed as mucinous BOT on 
frozen section and the final pathology was benign on 
paraffin section. BOT was reported in one patient 
with adnexal torsion on frozen section and underwent 
salpingo-oophorectomy. However, the final pathol-
ogy of this patient was benign. 

 DISCUSSION 
The aim of frozen section in ovarian tumors is to 
identify patients who require complete staging sur-
gery or to determine the conditions for a conserva-
tive surgery intraoperatively. A meta-analysis of 18 
studies which compare the diagnostic accuracy of 
frozen section and the final paraffin section results in 
ovarian pathologies shows that frozen section has a 
good sensitivity (65-100%) and excellent specificity 
(>99%).7 Intraoperative frozen section analysis of 
large tumors, mucinous tumors and borderline tumors 
has a low sensitivity. Because these tumors require a 

large sampling area to exclude the invasive disease. 
In the literature, the accuracy of frozen section on 
BOTs was reported between 48% and 79%.9-15 This 
variability might depend on increased knowledge and 
experience over time on frozen section procedure. 
Low sensitivity of frozen section may misdirect the 
surgeon when the patient underdiagnosed with BOTs. 
Patients with epithelial ovarian carcinoma should be 
performed complete surgical staging due to the 25% 
possibility of subclinical metastases.16 Another con-
cern of the low sensitivity of frozen section in BOTs 
is overdiagnosis that may lead to increased morbidity 
and mortality due to overtreatment.  

In present study, mean age of the patients with 
BOT on final paraffin section was 40.9 years and 
70.1% of the patients were premenopausal. These 
findings are consistent with the literature.10-12 The sur-
gical procedures should be considered depending on 
the fact that BOTs are mostly seen in premenopausal 
women. In the present study, frozen section and final 
paraffin section results were compared and the sensi-
tivity, specificity, positive predictive value, negative 
predictive value, and accuracy of frozen section pro-
cedure were 74%, 40%, 83%, 29%, and 67%, re-
spectively. According to histological subtype 
compatibility, the frozen section had 97% sensitivity, 
90% specificity, 86% positive predictive value, 98% 
negative predictive value, and accuracy of frozen sec-
tion on histologic diagnosis was 93%. Compatibility 
on serous tumors was higher than mucinous tumors 
(97.77% versus 84.37%). This diminished compli-
ance of frozen section in mucinous tumors might be 
attributable to the size of tumors which requires more 
sampling. In addition, sampling errors of the pathol-
ogist may lead to discrepancies. We observed that 
age, CA-125 and CA 19-9 values, size, cystic or solid 
characteristics of tumor, and laterality did not affect 
compliance. Our study showed that the most impor-
tant factor affecting the agreement between frozen 
section and final pathology is the papillarity of the 
tumor. Papillary structures are more likely seen in tu-
mors with compatible diagnosis on frozen section and 
the final pathology. Papillary structures may provide 
pathologist to determine the sampling areas on tumor.  

Even though there are studies suggesting that the 
pathologist’s experiences are related to frozen section 
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compatibility, there are some contrary studies.13,17 In 
our study, frozen sections and paraffin sections were 
evaluated by pathologists who had many years of ex-
perience in gynecopathology and the compatibility 
was similar to the literature.  

In the present study, a statistically significant dif-
ference was found between the mean sizes of muci-
nous, endometrioid and serous tumors (p=0.001). 
Mean tumor size of the mucinous tumors was signif-
icantly higher than the endometrioid and serous tu-
mors (p=0.046, p=0.001, respectively). Our findings 
are consistent with the literature. In the literature, 
tumor sizes were variable for increased misdiagnosis 
in frozen section of BOTs. For example, in a study, 
misinterpretation on frozen section was more com-
mon in tumors greater than 20 cm (25.2% versus 
44.8%).10 There are also studies that limit the sizes as 
8 cm, 10 cm and 15 cm.11-13 In our study, the accu-
racy of frozen section was lower in mucinous tumors 
depending on greater sizes than serous tumors. Re-
sults of 17 patients were malignant on the final 
pathology in present study. In 5 (7.25%) of 17 pa-
tients, the frozen sections were misinterpreted as 
BOT and fertility sparing surgery was performed, but 
they were reclassified as invasive tumors on the final 
pathology and lead us to perform a second surgery. 
Misinterpretation of frozen section in 1 (1.45%) pa-
tient was due to communication problems between 
the pathologist and the surgeons. This case shows that 
in frozen section, it is not the only difficulty to diag-
nose. Also, the communication between pathologist 
and surgeon is one of the key points. One patient who 
had complete surgical staging depending on the 
frozen section had been overtreated and the final 
pathology was benign. In our opinion these two cases 
showed the negative consequences of using frozen 
section on BOTs. On the other hand, 91 of 97 
(93.81%) patients underwent adequate surgical man-
agement. 

There are some limitations in our study. Num-
ber of the cases and retrospective design of the study 
might be one of the limitations. In our clinic frozen 
section is used very often because it is one of the 
main centers of women’s health in Turkey. There-
fore, we have a significant number of patients with 
BOT who is performed frozen section although they 

are relatively rare tumors. In additional, our pathol-
ogy department has gynecopathologists who are 
specified in gynecologic oncology and therefore 
frozen section sensitivity in this study may not re-
flect overall. Our study also has strengths. This is a 
single center study and frozen sections are inter-
preted by the same specified gynecopathologists. 
Furthermore, our study is designed to include all the 
BOTs, diagnosed either by frozen section or final 
paraffin section. 

 CONCLUSION 
Frozen section is a critical step in the management of 
BOTs, which are usually diagnosed in premenopausal 
patients. To reduce the risk of misdiagnosis, frozen 
section should be performed by experienced pathol-
ogists specialized in gynecology. Sampling of the tis-
sue and also consultation of the patient should be 
performed properly to prevent possible communica-
tion problems between the pathologist and the sur-
geon. In BOTs, the surgeon should be aware that the 
histologic diagnosis may be reinterpreted on final 
paraffin section and intraoperative management 
should be performed with caution. 

Source of Finance 
During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 
No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

Idea/Concept: Münip Akalın, Canan Kabaca Kocakuşak; Design: 
Münip Akalın; Control/Supervision: Burak Giray; Data Collec-
tion and/or Processing: Emine Eda Akalın; Analysis and/or In-
terpretation: Emine Eda Akalın; Literature Review: Münip 
Akalın, Emine Eda Akalın; Writing the Article: Münip Akalın, 
Burak Giray; Critical Review: Canan Kabaca Kocakuşak, Burak 
Giray; References and Fundings: Münip Akalın; Materials: 
Münip Akalın.

Münip AKALIN et al. J Clin Obstet Gynecol. 2021;31(2):40-5

44



Münip AKALIN et al. J Clin Obstet Gynecol. 2021;31(2):40-5

45

1. Seidman JD, Cho KR, Ronnett BM, Kurman 
RJ. Surface epithelial tumors of the ovary. 
Blaustein's pathology of the female genital 
tract: Springer; 2011. p.679-784. [Crossref]  

2. Skírnisdóttir I, Garmo H, Wilander E, Holm-
berg L. Borderline ovarian tumors in Sweden 
1960-2005: trends in incidence and age at di-
agnosis compared to ovarian cancer. Int J 
Cancer. 2008;123(8):1897-901. [Crossref]  
[Pubmed]  

3. Mink PJ, Sherman ME, Devesa SS. Incidence 
patterns of invasive and borderline ovarian tu-
mors among white women and black women 
in the United States. Results from the SEER 
Program, 1978-1998. Cancer. 2002;95(11): 
2380-9. [Crossref]  [Pubmed]  

4. Hannibal CG, Huusom LD, Kjaerbye-Thyge-
sen A, Tabor A, Kjaer SK. Trends in incidence 
of borderline ovarian tumors in Denmark 
1978-2006. Acta Obstet Gynecol Scand. 
2011;90(4):305-12. [Crossref]  [Pubmed]  

5. Guvenal T, Dursun P, Hasdemir PS, Hanhan 
M, Guven S, Yetimalar H, et al. Effect of sur-
gical staging on 539 patients with borderline 
ovarian tumors: a Turkish Gynecologic Oncol-
ogy Group study. Gynecol Oncol. 2013;131(3): 
546-50. [Crossref]  [Pubmed]  

6. Lesieur B, Kane A, Duvillard P, Gouy S, Pau-
tier P, Lhommé C, et al. Prognostic value of 
lymph node involvement in ovarian serous 

borderline tumors. Am J Obstet Gynecol. 
2011;204(5):438.e1-7. [Crossref]  [Pubmed]  

7. Geomini P, Bremer G, Kruitwagen R, Mol BW. 
Diagnostic accuracy of frozen section diagno-
sis of the adnexal mass: a metaanalysis.  
Gynecol Oncol. 2005;96(1):1-9. [Crossref]  
[Pubmed]  

8. Harter P, Gershenson D, Lhomme C, Lecuru 
F, Ledermann J, Provencher DM, et al. Gyne-
cologic Cancer InterGroup (GCIG) consensus 
review for ovarian tumors of low malignant po-
tential (borderline ovarian tumors). Int J Gy-
necol Cancer. 2014;24(9 Suppl 3):S5-8. 
[Crossref]  [Pubmed]  

9. Kayikçioglu F, Pata O, Cengiz S, Tulunay G, 
Boran N, Yalvaç S, et al. Accuracy of frozen 
section diagnosis in borderline ovarian malig-
nancy. Gynecol Obstet Invest. 2000;49(3): 
187-9. [Crossref]  [Pubmed]  

10. Houck K, Nikrui N, Duska L, Chang Y,  
Fuller AF, Bell D, et al. Borderline tumors  
of the ovary: correlation of frozen and perma-
nent histopathologic diagnosis. Obstet  
Gynecol. 2000;95(6 Pt 1):839-43. [Crossref]  
[Pubmed]  

11. Song T, Choi CH, Kim HJ, Kim MK, Kim TJ, 
Lee JW, et al. Accuracy of frozen section  
diagnosis of borderline ovarian tumors.  
Gynecol Oncol. 2011;122(1):127-31. [Cross-
ref]  [Pubmed]  

12. Tempfer CB, Polterauer S, Bentz EK, 
Reinthaller A, Hefler LA. Accuracy of  
intraoperative frozen section analysis in  
borderline tumors of the ovary: a retrospective 
analysis of 96 cases and review of the litera-
ture. Gynecol Oncol. 2007;107(2):248-52. 
[Crossref]  [Pubmed]  

13. Kim JH, Kim TJ, Park YG, Lee SH, Lee CW, 
Song MJ, et al. Clinical analysis of intra-oper-
ative frozen section proven borderline tumors 
of the ovary. J Gynecol Oncol. 2009;20(3): 
176-80. [Crossref]  [Pubmed]  [PMC]  

14. Menzin AW, Rubin SC, Noumoff JS, LiVolsi 
VA. The accuracy of a frozen section diagno-
sis of borderline ovarian malignancy. Gynecol 
Oncol. 1995;59(2):183-5. [Crossref]  [Pubmed]  

15. Wong HF, Low JJ, Chua Y, Busmanis I, Tay 
EH, Ho TH. Ovarian tumors of borderline ma-
lignancy: a review of 247 patients from 1991 to 
2004. Int J Gynecol Cancer. 2007;17(2):342-9. 
[Crossref]  [Pubmed]  

16. Tropé CG, Kristensen G, Makar A, eds. Sur-
gery for borderline tumor of the ovary. Semin 
Surg Onco. 2000;19(1):69-75. [Link]  

17. Brun JL, Cortez A, Rouzier R, Callard P,  
Bazot M, Uzan S, et al. Factors influencing the 
use and accuracy of frozen section diagnosis 
of epithelial ovarian tumors. Am J Obstet  
Gynecol. 2008;199(3):244.e1-7. [Crossref]  
[Pubmed] 

 REFERENCES

https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-0489-8_14
https://onlinelibrary.wiley.com/doi/10.1002/ijc.23724
https://pubmed.ncbi.nlm.nih.gov/18661518/
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.10935
https://pubmed.ncbi.nlm.nih.gov/12436446/
https://obgyn.onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0412.2010.01060.x
https://pubmed.ncbi.nlm.nih.gov/21306323/
https://www.sciencedirect.com/science/article/abs/pii/S0090825813011232?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24016409/
https://www.sciencedirect.com/science/article/abs/pii/S0002937811000135?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21349494/
https://www.sciencedirect.com/science/article/abs/pii/S0090825804007875?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15589572/
https://ijgc.bmj.com/content/24/Supp_3/S5
https://pubmed.ncbi.nlm.nih.gov/25341581/
https://www.karger.com/Article/Abstract/10244
https://pubmed.ncbi.nlm.nih.gov/10729760/
https://journals.lww.com/greenjournal/Fulltext/2000/06000/Borderline_Tumors_of_the_Ovary__Correlation_of.11.aspx
https://pubmed.ncbi.nlm.nih.gov/10831977/
https://www.sciencedirect.com/science/article/abs/pii/S0090825811002277?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0090825811002277?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21492922/
https://www.sciencedirect.com/science/article/abs/pii/S0090825807004234?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17631951/
https://ejgo.org/DOIx.php?id=10.3802/jgo.2009.20.3.176
https://pubmed.ncbi.nlm.nih.gov/19809552/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2757563/
https://www.sciencedirect.com/science/article/abs/pii/S0090825885700042?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/7590469/
https://ijgc.bmj.com/content/17/2/342
https://pubmed.ncbi.nlm.nih.gov/17343573/
https://onlinelibrary.wiley.com/doi/abs/10.1002/1098-2388%28200007/08%2919%3A1%3C69%3A%3AAID-SSU11%3E3.0.CO%3B2-E
https://www.sciencedirect.com/science/article/abs/pii/S0002937808003931?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18486086/

