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INTRODUCTION

	 Diminished ovarian reserve (DOR) refers to the 
decrease in number of follicles contained in the ovaries of 
mature women with age.1 Aging also results in a gradual 
decline in the development and production capacity of 
fertilizable oocytes.1,2 If DOR is not managed  in time, 
the condition will continue to develop and deteriorate, 
and eventually develop into premature ovarian failure 
(POF), which refers to amenorrhea in women before 
the age of 40 due to ovarian failure.3 Early detection of 
DOR and strengthening of treatment are the keys to POF 
prevention.4,5 At this stage, endocrine hormone detection 
and ultrasonographic imaging are often used for DOR 
detection in clinic. Ultrasonographic examination is 
widely recognized and promoted due to its noninvasive, 
simple operation and dynamic imaging advantages.6,7

	 Specifically, transvaginal three-dimensional ultrasound 
can obtain more reliable information about sinus follicular 
number and ovarian volume, and can clearly display 
the small structure of the ovary, which is conducive to 
further understanding its blood perfusion.8 Some studies 
have pointed out that 3D-TVS can effectively detect the 
blood flow of ovarian stroma through three-dimensional 
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reconstruction technology, and can provide a more 
scientific and reliable reference basis for clinical analysis 
of ovarian blood supply.9,10 This study analyzed and 
compared the 3D-TVS results of DOR, normal ovarian 
function and POF, and analyzed the applicability of this 
technology in evaluating DOR and POF.

METHODS

	 One hundred and twenty female patients with 
suspected decreased ovarian reserve function who 
received 3D-TVS in our hospital from January 2020 to 
March 2022, were selected for the study. Based on sex 
hormone examination, 25 cases were deemed DOR, and 
set as the DOR-group, 32 cases were deemed POF and 
set as the POF-group and 63 cases were deemed normal 
ovarian function and set as the Normal-group. 
Inclusion criteria:
•	 Patients must have had previous blood samples 

collected during the early follicular stage (no time 
limit for amenorrhea).

•	 Follicular estrogen (FSH) level must exceed 40 IU/L 
at least twice (the interval between two examinations 
was more than a month), and estradiol (E2) level was 
less than 73.2pmol/L, which was included in POF-
group (32 cases). 

•	 FSH examination results were in the range of 10-
40IU/L, FSH / luteinizing hormone (LH) was more 
than 3.6IU/L, and E2 was less than 43.9pmol/l, 
which were included in DOR-group (25 cases),

•	 FSH test results less than 10 IU/L were included in 
the Normal-group (63 cases).

Exclusion criteria:
•	 Received hormone therapy in recent three months.
•	 Received pelvic surgery.
•	 Endocrine diseases.
•	 Ovarian cyst, polycystic ovary syndrome or other 

ovarian and uterine organic diseases.
•	 Follicle diameter exceeds 10mm.
•	 The display of one or both ovaries is vague, and the 

volume of collected ovaries is not ideal, so software 
analysis cannot be carried out.

Ethical approval: This study was approved by the 
ethics committee of our hospital (Ref.: TF22122; Date: 
2022-07-23).
	 A GE ultrasonic diagnostic instrument was used 
(model: Voluson E8) to measure the transvaginal three-
dimensional volume. The probe frequency was adjusted 
between 3.0mhz and 9MHz, and the instrument has its 
own voice and sono AVC software package. Transvaginal 
ultrasound was performed prior to the follicular phase 
in the DOR and ovarian function Normal-groups, 
while the examination time of the POF-group was not 
limited. The patient was asked to thoroughly empty their 
bladder before the examination and lie in the bladder 
lithotomy position. A routine ultrasound examination 
was completed, and the condition of the uterus and 
endometrium were observed. Key examinations on 
both ovaries were completed to obtain ovarian volume, 
ovarian echo and follicular number. 

	 The best quality images of the largest longitudinal sec-
tion of the ovary with rich blood flow were collected and 
saved from repeated examinations. Offline analysis was 
completed using image processing software, and one of 
the three mutually perpendicular sections was used as the 
reference plane. The outline of the ovarian boundary was 
manually traced with each section maintaining a rotation 
angle of 15°. The three-dimensional ultrasound volume of 
the ovary was obtained with the help of post-processing 
software following 12 manual tracings. Then the blood 
flow histogram mode was used to automatically calculate 
VI, VFI and FI. The Sono AVC function was used to auto-
matically select differentiated color to mark each follicle. 
	 Three diameter lines were obtained, and the average 
volume and diameter of each follicle was calculated. They 
were arranged according to their specific diameter to 
ensure that the target color was related to the position of 
the follicle. If the boundary created by the computer was 
not accurate, manual modification could be completed 
to correct the deviation of ovarian size and count. 
Measurement of unilateral ovarian AFC was repeated 
twice, and the sum of ovarian follicles on both sides was 
calculated. The final results of OV, VI, VFI and FI were 
the average values of both ovaries.
Sex hormone detection: 5ml of fasting venous blood was 
collected in the morning on the 3rd to 5th days of the 
menstrual cycle. Blood samples were stored at -200C, 
and the levels of FSH, E2 and LH were detected by ra-
dioimmunoassay. The left and right ovary ultrasonic ex-
amination indexes (AFC, OV, VI, VFI and FI) of patients 
in the DOR- and POF-groups were observed. Each index 
is the average value of the results of repeated measure-
ment of the unilateral ovary. The ultrasonic examination 
indexes (AFC, OV, VI, VFI and FI) of the DOR-group, 
POF-group and Normal-ovarian function group were 
compared. The sum of ovarian follicles on both sides 
was taken from AFC comparison between groups, and 
the average value of the ovaries on both sides was taken 
as the final detection result of OV, VI, VFI and FI. 
A decrease in AFC, OV, VI, VFI and FI indicates the 
decline of ovarian reserve function. Using sex hormone 
test results as the gold standard, the diagnostic 
specificity, sensitivity and accuracy of 3D-TVS for DOR 
and POF were calculated. A is true positive, B is false 
positive, C is false negative, D is true negative. Sensitivity 
=A/ (A+C) ×100.0%, Specificity =D/ (B+D)×100.0%, 
Accuracy = (A+D) / (A+B+C+D).
Statistical Analysis: SPSS 22.0 was used for statistical 
analysis. The measurement data is represented by ( ), 
and the counting data is represented by n (%). A sample 
t-test was used to compare measurement data between 
groups, analysis of variance was used to compare 
multiple groups of measurement data, χ2 was used to 
compare counting data is. When p<0.05, the difference 
was statistically significant.

RESULTS

	 DOR-group patients ranged in age from 19-41yrs, 
with an average of 30.8±6.1yrs. POF-group patients 
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ranged in age from 19-42yrs, with an average of 
33.2±5.6yrs. While the Normal-group ranges in age 
from 20-41yrs, with an average of 31.6±5.2yrs. There 
was no significant difference in the average age between 
the three groups (p>0.05). There was no significant 
difference in AFC, OV, VI, VFI and FI between the left 
and right ovaries in the DOR-group (p>0.05), as shown 
in Table-I. There was no significant difference in AFC, 
OV, VI, VFI and FI between the left and right ovaries in 
the POF-group (p>0.05), Table-II. 
	 The ultrasound examination of the Normal-group 
showed that the ovary was full, the echo was uniform, 
the sinus follicles were clear, and the ovarian blood 
flow was rich (Fig.1); In DOR-group, the ultrasound 
showed that the ovarian image was unclear, not 
full, and the ovarian blood flow was rich (Fig.2). In 
POF-group, ultrasound showed uterine atrophy, 
unclear image of ovary, occasional sinus follicles, 
and low blood flow signal (Fig.3). When compared 
to the Normal-group, AFC, OV, V, VFI and FI were 
significantly lower in both the DOR- and POF-groups 
(p<0.05). When the DOR-group was compared to the 
POF-group, these indexes were significantly lower 
(p<0.05). Table-III.

	 Using the sex hormone test results as the gold 
standard, the diagnostic specificity, sensitivity and 
accuracy of 3D-TVS for DOR and POF were calculated. 
The results showed that the diagnostic specificity 
for DOR was 80.00%, the sensitivity and accuracy 

Table-I: Comparison of ultrasonic examination results of left and right ovaries in DOR-group ( ).

Ovarian position OV (cm3) VI VFI FI AFC (PC)

Left ovary (n=25) 4.75±1.01 1.53±0.45 0.45±0.12 27.12±3.22 6.60±2.06
Right ovary (n=25) 4.66±1.06 1.47±0.43 0.44±0.13 26.12±2.74 6.44±2.12
t 0.311 0.370 0.466 1.344 0.299
p-Value 0.758 0.715 0.645 0.191 0.767

Table-II: Comparison of ultrasonic examination results of left and right ovaries in POF-group ( ).

Ovarian position OV (cm3) VI VFI FI AFC (PC)

Left ovary (n=32) 2.53±0.74 0.59±0.23 0.18±0.04 23.43±3.02 2.50±0.98
Right ovary (n=32) 2.69±0.75 0.62±0.24 0.19±0.03 23.06±3.53 2.40±0.98
t -0.833 -0.566 -1.046 0.555 0.399
p-Value 0.384 0.575 0.304 0.583 0.693

Table-III: Ultrasonic examination results of left and right ovaries in the
DOR-group, POF-group and Normal ovarian function group ( ).

Group OV (cm3) VI VFI FI AFC (PC)

DOR-group (n=25) 4.71±0.69a 1.50±0.17a 0.44±0.08a 26.62±2.34a 13.04±3.22a

POF-group (n=32) 2.55±0.53ab 0.59±0.15ab 0.18±0.03ab 23.25±2.68ab 4.90±1.44ab

Normal-group (n=63) 7.39±2.22 2.81±0.61 0.89±0.24 31.08±3.17 19.54±4.41
F 132.812 210.211 230.280 100.149 187.265
p-Value <0.001 <0.001 <0.001 <0.001 <0.001

Note: a indicates a comparison with the Normal-group, p<0.05; 
b indicates a comparison with the DOR-group, p<0.05.

Fig. 1: Ultrasonic examination image of Normal-group.

3D-TVS in the evaluation of diminished ovarian reserve (DOR)
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were 90.00% and 88.00% respectively. The diagnostic 
specificity of POF was 87.50%, and the sensitivity and 
accuracy were 95.83% and 93.75% respectively. For the 
specific diagnostic results.Table-IV.

DISCUSSION

	 This study investigated the application value of 3D-TVS 
in the assessment of DOR and POF, with the results of sex 
hormone detection as the gold standard, the specificity, 
sensitivity and accuracy of 3D-TVS in the diagnosis of 
DOR were 80.00%, 90.00% and 88.00% respectively; The 
specificity of POF was 87.50%, the sensitivity and accuracy 
were 95.83% and 93.75% respectively. Wu J et al9 showed 
through a case-control study (308 cases vs 300 cases) that 
transvaginal ultrasound is of great value in evaluating 
ovarian reserve function and predicting ovulation, with 
specificity higher than 90.00% and sensitivity higher 
than 80.00% for AFC and OV. This is consistent with 
the results of this study. In addition, the results of this 
study showed that there was no significant difference in 
the levels of AFC, OV, VI, VFI and FI between the right 
and left ovaries of patients in DOR and POF-groups 
(p>0.05). While DOR and POF may not cause significant 
differences in ovarian function between the left and right 
sides, some studies have found that the OV of the right 
ovary in patients with DOR at the early follicular stage 
is significantly larger. Additionally, the levels of AF, VI, 
VFI and FI can also be significantly higher, a result which 
is different from those of this study.11 These difference 
may be due to the fact that the inflow site of the right 
ovarian vein is the inferior vena cava, while the inflow 
site of the left ovary is the left renal vein.11,12 Currently, 

there are few clinical comparative analyses of the left and 
right ovaries using three-dimensional ultrasound, and 
further discussion is warranted.13,14 Our results reported 
lower AFC, OV, VI, VFI and FI within both the DOR-
group and the POF-group versus the Normal ovarian 
function group (p<0.05). These indexes were also lower 
within the POF-group than the DOR-group (p<0.05).
This is consistent with the clinical results of Karlberg S 
et al15 and Igboeli P et al16, suggesting that the weaker the 
ovarian reserve function of mature women, the less their 
OV and AFC will be paralleling a gradual decline in VI, 
VFI and FI. Transvaginal three-dimensional ultrasound 
technology can help identify and diagnose DOR and 
POF in the early stage.15,16 This technique can conduct 
scientific and accurate quantitative analysis on the three-
dimensional morphological changes of ovaries and 
follicles, to provide more effective reference information 
for the clinical diagnosis of DOR and POF.17,18 

	 In the past, the hormone level was mainly detected 
by biochemical examination in the evaluation of ovarian 
reserve function, but the biochemical examination had 
certain limitations and could not obtain the morphological 
information of the ovary.9,11 Vaginal ultrasound is the 
best way to monitor follicles and the most accurate 
method at present.9 Through the use of post-processing 
software, list marking processing can be implemented 
for different follicle diameters and volumes, which is 
convenient for clinicians to observe the subtle follicular 
structural changes and improves analysis of sinus follicle 
development. Yu L et al12 discussed the application 
value of transvaginal color Doppler ultrasound based 
on improved average shift algorithm in the diagnosis 

Fig. 3: Ultrasonic examination image of POF-group.Fig. 2: Ultrasonic examination image of DOR-group.

Table-IV: Diagnostic results of DOR and POF by transvaginal three-dimensional ultrasound.

Group n True 
positive (n)

False 
positive  (n)

False 
negative (n)

True 
negative (n)

Accuracy 
(%)

Specificity
(%)

Sensitivity
(%)

DOR-group 25 18 1 2 4 88.00 80.00 90.00

POF-group 32 23 1 1 7 93.75 87.50 95.83

Qian Chen et al.
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of idiopathic POF, the results show that transvaginal 
color Doppler ultrasound based on artificial intelligence 
segmentation algorithm can clearly show the functional 
state and hemodynamics of the patient’s egg nest. This 
technique has high repeatability, which can effectively 
reduce subjective error and improve diagnostic 
accuracy.16 This study shows that transvaginal three-
dimensional ultrasound has good diagnostic efficacy for 
both DOR and POF, which is consistent with the results 
of Singhal P et al.19 The use of 3D-TVS technology in the 
diagnosis and evaluation of DOR and POF does have 
application value.15,18 With the progress and update of the 
examination equipment, ultrasound technology is simple, 
fast, non-invasive and accurate, and has been gradually 
cited in clinical work. Three dimensional ultrasound 
complements the deficiencies of two-dimensional 
ultrasound in providing quantitative indicators and 
ovarian quantitative volume.20 It can quantize ovarian 
imaging evaluation indicators and make ovarian volume 
more intuitive and accurate. 3D-TVS provides valuable 
scientific basis and reference information for clinical 
treatment.21

Study limitations: This is a retrospective single center 
analysis, and the number of patients included is relatively 
small. Due to time and other factors, it was not possible 
to carry out follow-up observation on the patients, and 
therefore it was not possible to further understand the 
pregnancy and subsequent ovarian function changes 
of patients in each group. Future examinations should 
further expand the sample size and include follow-up 
observations to further confirm the application value of 
this examination method.

CONCLUSION

	 These results support the use of 3D-TVS in the clinical 
diagnosis and evaluation of DOR and POF. As early 
diagnosis and optimized treatment of DOR is the key 
to limiting the development of POF, the utilization of 
3D-TVS could be an important component of examination 
for these patients. Future analysis of larger clinical 
studies, as well as longer follow-up examinations can 
further enhance the clinical application of this technique.

Funding: This study is supported by Tianjin Health 
Research Project (ZC20093).

REFERENCES
1.	 Ghahremani-Nasab M, Ghanbari E, Jahanbani Y, Mehdizadeh A, 

Yousefi M. Premature ovarian failure and tissue engineering. J Cell 
Physiol. 2020;235(5):4217-4226. doi: 10.1002/jcp.29376

2.	 Shareghi-Oskoue O, Aghebati-Maleki L, Yousefi M. Transplantation 
of human umbilical cord mesenchymal stem cells to treat premature 
ovarian failure. Stem Cell Res Ther. 2021;12(1):454. doi: 10.1186/
s13287-021-02529-w

3.	 Lew R. Natural history of ovarian function including assessment of 
ovarian reserve and premature ovarian failure. Best Pract Res Clin 
Obstet Gynaecol. 2019;55:2-13. doi: 10.1016/j.bpobgyn.2018.05.005

4.	 Zhang QL, Lei YL, Deng Y, Ma RL, Ding XS, Xue W, et al. 
Treatment Progress in Diminished Ovarian Reserve: Western and 
Chinese Medicine. Chin J Integr Med. 2022 Jan 11. doi: 10.1007/
s11655-021-3353-2

5.	 Fu YX, Ji J, Shan F, Li J, Hu R. Human mesenchymal stem cell 
treatment of premature ovarian failure: new challenges and 
opportunities. Stem Cell Res Ther. 2021;12(1):161. doi: 10.1186/
s13287-021-02212-0

6.	 Chon SJ, Umair Z, Yoon MS. Premature Ovarian Insufficiency: Past, 
Present, and Future. Front Cell Dev Biol. 2021;9:672890. doi: 10.3389/
fcell.2021.672890

7.	 Tsiligiannis S, Panay N, Stevenson JC. Premature Ovarian 
Insufficiency and Long-Term Health Consequences. Curr Vasc 
Pharmacol. 2019;17(6):604-609. doi: 10.2174/157016111766619012
2101611

8.	 Nie X, Dai Y, Zheng Y, Bao D, Chen Q, Yin Y, et al. Establishment 
of a Mouse Model of Premature Ovarian Failure Using Consecutive 
Superovulation. Cell Physiol Biochem. 2018;51(5):2341-2358. doi: 
10.1159/000495895

9.	 Wu J, Zhu X, He J, Ye C, Pang B, Zhao T, et al. Clinical Value of 
Three-Dimensional Transvaginal Ultrasound in Diagnosis of 
Endometrial Receptivity and Ovarian Function in Patients with 
Infertility. Comput Math Methods Med. 2022;2022:8438131. doi: 
10.1155/2022/8438131

10.	 Huang Z, Liu J, Jing Z, Lin L, Li X. Comparison of diagnostic 
accuracy of three-dimensional transvaginal ultrasound and magnetic 
resonance imaging in the diagnosis of scar pregnancy. Pak J Med Sci. 
2022;38(7):1743-1747. doi: 10.12669/pjms.38.7.6288

11.	 Karakus S, Yildiz C, Aydin H, Akkar O, Cetin A. Value of in situ 
ovarian volume measured during cesarean delivery to assess the 
potential of diminished ovarian reserve. J Matern Fetal Neonatal 
Med. 2017;30(9):1016-1022. doi:10.1080/14767058.2016.1199670

12.	 Yu L, Qing X. Diagnosis of Idiopathic Premature Ovarian Failure 
by Color Doppler Ultrasound under the Intelligent Segmentation 
Algorithm. Comput Math Methods Med. 2022;2022:2645607. doi: 
10.1155/2022/2645607

13.	 Chen L, Guo S, Wei C, Li H, Wang H, Xu Y. Effect of stem cell 
transplantation of premature ovarian failure in animal models 
and patients: A meta-analysis and case report. Exp Ther Med. 
2018;15(5):4105-4118. doi: 10.3892/etm.2018.5970

14.	 He N, Shi L. The effect of vaginal delivery and Caesarean section 
on the anal Sphincter complex of Primipara based on optimized 
three-dimensional ultrasound image and nuclear regression 
Reconstruction Algorithm. Pak J Med Sci. 2021;37(6):1641-1646. doi: 
10.12669/pjms.37.6-WIT.4859

15.	 Karlberg S, Tiitinen A, Alfthan H, Lipsanen-Nyman M. Premature 
ovarian insufficiency and early depletion of the ovarian reserve 
in the monogenic Mulibrey nanism disorder. Hum Reprod. 
2018;33(7):1254-1261. doi: 10.1093/humrep/dey103

16.	 Igboeli P, El Andaloussi A, Sheikh U, Takala H, ElSharoud A, 
McHugh A, et al. Intraovarian injection of autologous human 
mesenchymal stem cells increases estrogen production and reduces 
menopausal symptoms in women with premature ovarian failure: 
two case reports  and a  review of the literature. J Med Case Rep. 
2020;14(1):108. doi: 10.1186/s13256-020-02426-5

17.	 Izhar R, Husain S, Tahir S, Husain S. Occult Form of Premature 
Ovarian Insufficiency in Women with Infertility and Oligomenorrhea 
as Assessed by Poor Ovarian Response Criteria. J Reprod Infertil. 
2017;18(4):361-367.

18.	 Zhang Y, Hou J, Wang Q, Hou A, Liu Y. Application of Transfer 
Learning and Feature Fusion Algorithms to Improve the Identification 
and Prediction Efficiency of Premature Ovarian Failure. J Healthc 
Eng. 2022;2022:3269692. doi: 10.1155/2022/3269692

19.	 Singhal P, Singh S, Kumar P, Naredi N. Premature Ovarian Failure 
Related to Trisomy X: Two Case Reports with an Aberrant 47, XXX 
Karyotype. J Hum Reprod Sci. 2021;14(1):87-90. doi: 10.4103/jhrs.
JHRS_59_20

20.	 Venturella R, Lico D, Sarica A, Falbo MP, Gulletta E, Morelli M, et al. 
OvAge: a new methodology to quantify ovarian reserve combining 
clinical, biochemical and 3D-ultrasonographic parameters. J Ovarian 
Res. 2015 Apr 8;8:21. doi: 10.1186/s13048-015-0149-z

21.	 He N, Shi L. The effect of vaginal delivery and Caesarean section 
on the anal Sphincter complex of Primipara based on optimized 
three-dimensional ultrasound image and nuclear regression 
Reconstruction Algorithm. Pak J Med Sci. 2021;37(6):1641-1646. doi: 
10.12669/pjms.37.6-WIT.4859

3D-TVS in the evaluation of diminished ovarian reserve (DOR)


	_GoBack
	_Hlk118207081
	_GoBack
	_Hlk92138754
	_GoBack
	_GoBack
	_GoBack
	_Hlk64470489
	_Hlk64459541
	_Hlk87560551
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK69
	OLE_LINK7
	OLE_LINK9
	OLE_LINK5
	OLE_LINK10
	OLE_LINK8
	OLE_LINK13
	OLE_LINK14
	OLE_LINK19
	OLE_LINK15
	_GoBack
	_GoBack
	_GoBack
	_Ref3327
	_GoBack
	_GoBack
	_Hlk116486558
	_Hlk115941283
	_Hlk113741367
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	_Hlk122303700
	_GoBack
	_GoBack
	ethics_statement
	_GoBack
	conflict_of_interest
	funding_statement
	_Hlk101513502
	_GoBack
	_Hlk106659778
	_Hlk100996211
	_Hlk110277773
	_Hlk107840969
	_Hlk110277829
	_Hlk107841030
	_Hlk110277912
	_Hlk107139660
	_Hlk107841735
	_Hlk109742524
	_Hlk107841896
	_GoBack
	_Hlk113878862
	_Hlk113446750
	_Hlk113447613
	_Hlk113447097
	_Hlk112927412
	_Hlk113876489
	_Hlk112702405
	_Hlk113876529
	_Hlk113877722
	_Hlk113878486
	_Hlk113876588
	_Hlk112927488
	_Hlk112930447
	_Hlk113358159
	_Hlk113878197
	_GoBack
	_Hlk125123268
	_Hlk105353036
	_Hlk81569967
	_Hlk82260851
	_Hlk81574806
	_GoBack
	_Hlk86148866
	OLE_LINK1
	_GoBack
	_Hlk37670211
	_Hlk39965446
	_Hlk39965896
	_Hlk39966042
	_Hlk38964758
	_Hlk39966716
	_Hlk39923377
	_GoBack
	_Hlk101009958
	_Hlk39966851
	_Hlk108247382
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk108350803
	_GoBack

