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Abstract.9

BACKGROUND: Currently, there are a variety of methods for ultrasound to localize the conus medullaris. A concern is that10

measured values can be influenced by variations in spinal flexion and extension.11

OBJECTIVE: To overcome this limitation, the present study measures the horizontal distance (HD) between the end of the12

conus medullaris and the caudal edge of last vertebral body ossification in normal fetus at different gestational weeks, and13

analyzes the relationship between the measured value and fetal growth, as well as the utility of these measurements in assessing14

the position of the conus medullaris.15

METHODS: A total of 655 fetuses at gestational weeks 18–40, who underwent routine prenatal ultrasound, were selected in the16

study. We measured the distance between the end of the cone of the fetal spinal cord and the caudal end of the final vertebral17

ossification center (Distance1, D1), the distance between the end of the spinal cord cone and the intersection of the extension18

of D1 with the caudal skin (Distance2, D2), and HD. We analyzed the correlation between the measurements and gestational19

weeks, established normal reference values, the ratio of D1, D2 and HD to the commonly used growth parameters was calculated.20

The ratios of D1, D2, HD and the application value of each ratio phase were analyzed, and the reliability analysis of repeated21

measurement results among physicians was performed.22

RESULTS: D1, D2 and HD exhibited strong linear correlations with gestational weeks. Among the ratios of D1, D2 and HD23

to common growth parameters, D2/FL stabilized after 20 weeks of gestation and consistently exceeded 1. Repeatability tests24

between D1, D2 and HD showed good reliability (P > 0.05).25

CONCLUSION: D1, D2 and HD are significantly correlated with gestational age. Horizontal distance measurement can26

effectively determine the position of fetal conus medullaris, enabling rapid prenatal evaluation of low position of conus27

medullaris and excluding the possibility of tethered cord.28

Keywords: Fetus, ultrasonic examination, conus medullaris, tethered spinal cord29

1. Introduction30

The conus medullaris is a conical structure located at the distal end of the spinal cord, where the pia31

mater extends downward as the filum terminale, connecting to the coccyx to provide stability. After the32

54th day of embryos, the position of the conus medullaris continuously rises to a relatively high vertebral33
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level due to the growth difference between the spinal cord and the spinal column. Finally, the conus34

medullaris reaches the adult level at birth or within 2 months after birth. The conus medullaris comprises35

the lumbar sympathetic, sacral nerve and sacral parasympathetic nerves, which extend downwards in the36

cauda equina [1,2]. Both congenital dysplasia or acquired injuries can cause damage to these nerves,37

leading to a series of symptoms called tethered cord syndrome (TCS), including abnormalities in the38

nervous, urinary, musculoskeletal and gastrointestinal systems [3].39

For congenital anomalies, early diagnosis and timely treatment are beneficial for the prognosis.40

The low position of the conus medullaris is closely related to the tethered cord. Advancements in41

ultrasound technology and the improvement in machine resolution have enabled the visualization of the42

vertebral canal and internal spinal cord echoes [4]. According to the International Society of Ultrasound in43

Obstetrics and Gynecology (ISUOG) Practice Guidelines (updated), during the second and third trimesters44

of pregnancy, the conus medullaris is usually located at the level of the second/third lumbar vertebra45

(L2-L3) in ultrasound examination of the fetal central nervous system [5]. Due to its cost-effectiveness,46

repeatability, and ease of use, ultrasound has become the preferred method for assessing the position of47

the fetal conus medullaris. Prenatal ultrasound evaluations provide valuable information to determine the48

likelihood of TCS in fetuses. Currently, there are a variety of methods for ultrasound to localize the conus49

medullaris, including vertebral body localization, renal pole localization, ranging and three-dimensional50

ultrasound-based localization [6]. Each method has its own advantages and limitations. In practical51

operations, two-dimensional ranging is widely applied because of its simplicity and rapidity.52

A previous study [7] has demonstrated that the length of the root canal increases by 7% when the spine53

is in a flexed position. As a result, the measured values can be influenced by variations in spinal flexion54

and extension [8]. To overcome this limitation, the present study proposes a horizontal ranging method55

for localizing the conus medullaris. Horizontal ranging is not influenced by the physiological curvature of56

the spine, characterized by more accurate measurement and simple operation. The study quantitatively57

evaluates the position of the conus medullaris by measuring the horizontal distance (HD) between its58

end and the caudal end of the ossification center of the terminal vertebral body. In addition, the value59

of ranging in evaluating the position of the conus medullaris was further analyzed by quantitatively60

measuring the position of the conus medullaris.61

2. Materials and methods62

2.1. Subjects63

Fetal ultrasound images of pregnant women undergoing routine prenatal ultrasound examinations at64

Hebei Medical University Third Hospital were collected from March 2020 to February 2021. Initially,65

662 cases were collected, of which 7 did not meet the inclusion criteria and were excluded. Finally, 65566

cases were enrolled in the study. The gestational age of the fetuses ranged from 18 to 40 weeks, with67

an average of (28.88 ± 6.03) weeks. The age of the pregnant women ranged from 18 to 44 years, with68

an average age of 30.21 ± 4.07 years. The inclusion criteria were: À singleton pregnancy; Á pregnant69

woman with definite last menstrual period, and consistent ultrasound gestational age and menstrual age;70

Â absence of fetal malformations detected during prenatal ultrasound examinations; Ã No significant71

abnormalities observed in systemic or neurological examination by physicians in the Department of Child72

Healthcare on the 42nd day after birth. The exclusion criteria were: À Pregnant women suffering from73

hypertension, diabetes, or other diseases affecting fetal growth and development; Á absence of signed74

consent forms from pregnant women; Â twin or multiple pregnancies; Ã Fetal growth restriction or75
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structural malformations. This study was approved by the Medical Ethics Committee of our hospital. All76

pregnant women were aware of the content of this study and signed the informed consent form.77

2.2. Instruments and methods78

2.2.1. Instruments79

This study was carried out using the color Doppler ultrasound diagnostic instrument (Voluson E8, GE,80

Austria), with the probe type C1-5-D and the probe frequency at 2–6 MHz.81

2.2.2. Image acquisition methods and requirements82

Routine prenatal ultrasound examinations were performed on the fetuses through the type of approach as83

transabdominal. The fetal spinal column was scanned continuously in the sagittal, coronal and transverse84

planes to exclude the abnormalities in the spinal cord and spinal column. In the lumbosacral region of the85

fetal spine, a midsagittal section was taken to simultaneously display the end of the conus medullaris,86

the ossification centers of each vertebral body in the lumbosacral region, and the skin of the fetal87

sacrococcygeal region.88

2.2.3. Measurement methods89

À New ranging method: The distance between the end of the fetal conus medullaris and the caudal end90

of the ossification center of the terminal vertebral body (Distance 1, D1), and the distance between the91

end of the conus medullaris and the intersection of the D1 extension and the caudal skin (Distance 2, D2)92

were measured. Á Horizontal ranging method: In the image displaying the midsagittal section of the fetal93

sacrococcygeal region, the measurement button was clicked and the Dist.2 Line was selected. After a94

vertical line, Line 1 was drawn through the end of the conus medullaris, and the OK button was clicked.95

Then, another vertical line, Line 2, was made through the caudal end of the ossification center of the96

terminal vertebral body by sliding the trackball, followed by the OK button clicking. The automatically97

measured data were the horizontal distance between the end of the conus medullaris and the caudal end of98

the ossification center of the terminal vertebral body, which was recorded as HD. All data were measured99

by senior sonographers three times, and averages were taken and recorded. A total of 50 fetuses were100

selected using simple random sampling, and image acquisition and data measurement were performed by101

different physicians for a repeatability test between two observers.102

2.3. Statistical methods103

The data were statistically analyzed using SPSS 25.0 and the measurement data were expressed as104

(x̄± s). Linear regression was used to evaluate the correlations between D1, D2, HD and gestational age,105

and a linear regression equation was established, with R2 representing their correlations. The ascending106

velocity of the conus medullaris was compared between adjacent gestational ages by the LSD test, and107

the repeatability between two observers was analyzed using the paired t-test. P < 0.05 was considered as108

statistically significant.109

3. Results110

The measure of HD is depicted in the sonographic image of a selected case, as presented in Fig. 1,111

the image displaying the midsagittal section of the fetal sacrococcygeal region. The distance from A to112

B is called Distance 1, D1 in short. Distance from A to C is called Distance 2, D2 in short. Distance113
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Fig. 1. Measurement of D1, D2 and HD ultrasound schematic diagram. The distance between A and B is D1. The distance
between A and C is D2. The distance between a and b is HD. Point A (also marked as “a”) stands for the end of the fetal conus
medullaris, point B stands for the caudal end of the ossification center of the terminal vertebral body, point C as the intersection
of the D1 extension and the caudal skin, point b as the intersection of the parallel line passing through point A (or a) and the
vertical line passing through point B.

Fig. 2. Correlation between D1 and gestational age and reference range.

between a to b equals the horizontal distance from A level to B level, stands for HD. The determination114

of anatomical marks (A, B, C, a, b) in the images depends on the sonographer’s experience.115

The D1, D2 and HD of the 655 fetuses are shown in Figs 2–4. The measured values of fetal BPD,116

OFD, FL and HL are listed in the Supplementary Table. D1, D2 and HD were strongly correlated with117

gestational age and increased with gestational age. The correlation coefficients were r = 0.953 (P <118

0.001), r = 0.956 (P < 0.001) and r = 0.951 (P < 0.001), respectively. The linear regression equations119

were D1 = 0.258 × gestational age – 2.269 cm (R2 = 0.908), D2 = 0.276 × gestational age – 2.053 cm120

(R2 = 0.915), and HD = 0.259 × gestational age – 2.373 cm (R2 = 0.905), respectively. The normal121

reference ranges of D1, D2 and HD are presented in Table 1. The median value of D1 increased from122

2.23 cm at the gestational age of 18 weeks to 7.59 cm at the gestational age of 40 weeks. The median123
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Fig. 3. Correlation between D2 and gestational age and reference range.

Fig. 4. Correlation between HD and gestational age and reference range.

value of D2 increased from 2.69 cm at the gestational age of 18 weeks to 8.46 cm at the gestational age of124

40 weeks. The median value of HD increased from 2.20 cm at the gestational age of 18 weeks to 7.54 cm125

at the gestational age of 40 weeks. The medians of D1, D2 and HD at different gestational weeks are126

displayed in Table 3.127
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Table 2
Repeatability test results of D1, D2 and HD between two physicians (cm, x̄± s)

Measurer Sample size D1 D2 HD
Physician 1 50 4.95 ± 1.91 5.62 ± 2.05 4.89 ± 1.91
Physician 2 50 4.84 ± 1.95 5.52 ± 2.08 4.79 ± 1.94
t 1.738 1.799 1.691
P 0.089 0.078 0.097

Table 3
Fetal D1, D2 and HD at gestational age of 18–40 weeks (x̄± s)

Gestational age N D1 P D2 P HD P

18 8 2.23 ± 0.33 – 2.69 ± 0.41 – 2.20 ± 0.34 –
19 4 2.33 ± 0.30 0.73 2.75 ± 0.34 0.85 2.30 ± 0.31 0.73
20 29 2.91 ± 0.30 0.18 3.50 ± 0.28 0.00 2.84 ± 0.31 0.03
21 46 3.00 ± 0.33 0.41 3.59 ± 0.33 0.39 2.95 ± 0.30 0.36
22 44 3.21 ± 0.28 0.04 3.82 ± 0.31 0.02 3.12 ± 0.31 0.09
23 30 3.50 ± 0.33 0.01 4.14 ± 0.36 0.01 3.40 ± 0.33 0.01
24 32 3.82 ± 0.38 0.01 4.46 ± 0.41 0.01 3.73 ± 0.44 0.01
25 35 4.33 ± 0.46 0.00 5.00 ± 0.50 0.00 4.23 ± 0.50 0.00
26 51 4.53 ± 0.43 0.04 5.19 ± 0.47 0.07 4.36 ± 0.51 0.24
27 19 4.76 ± 0.48 0.07 5.42 ± 0.46 0.07 4.64 ± 0.50 0.03
28 21 5.25 ± 0.52 0.00 5.98 ± 0.55 0.00 5.11 ± 0.57 0.00
29 17 5.43 ± 0.37 0.24 6.09 ± 0.41 0.47 5.30 ± 0.36 0.24
30 33 5.73 ± 0.49 0.03 6.49 ± 0.53 0.01 5.65 ± 0.49 0.01
31 43 5.90 ± 0.53 0.11 6.69 ± 0.55 0.08 5.79 ± 0.52 0.20
32 44 6.33 ± 0.49 0.00 7.08 ± 0.51 0.00 6.23 ± 0.49 0.00
33 27 6.42 ± 0.51 0.44 7.18 ± 0.53 0.37 6.33 ± 0.55 0.41
34 27 6.46 ± 0.49 0.76 7.22 ± 0.45 0.76 6.37 ± 0.53 0.77
35 22 6.89 ± 0.62 0.00 7.67 ± 0.64 0.00 6.83 ± 0.63 0.00
36 31 7.01 ± 0.51 0.32 7.82 ± 0.56 0.25 6.94 ± 0.54 0.38
37 33 7.06 ± 0.53 0.68 7.93 ± 0.48 0.37 6.98 ± 0.53 0.74
38 19 7.45 ± 0.57 0.00 8.51 ± 0.53 0.00 7.35 ± 0.55 0.01
39 29 7.45 ± 0.58 0.98 8.35 ± 0.55 0.24 7.38 ± 0.57 0.86
40 11 7.59 ± 0.64 0.39 8.46 ± 0.64 0.52 7.54 ± 0.63 0.35

Notes: P , comparison of D1, D2 and HD with means at the previous gestational week.

The repeatability test results of D1, D2 and HD between two physicians are displayed in Table 2,128

demonstrating no statistically significant differences in the observations. The measurement repeatability129

of the distances between different operators was high, indicating that this method is not affected by130

physiological curvature of the spine and exhibits simplicity and high repeatability. Among the ratios131

of D1, D2 and HD to commonly used growth parameters, D2/FL tended to stabilize after 20 weeks of132

gestation, with values consistently greater than 1 (Table 4).133

Through analysis of the measured values, a linearly positive correlation was found between HD and134

gestational age, with the linear regression equation of HD = 0.259 × gestational age – 2.373 cm (R2 =135

0.905). The analysis of HD measured at 18–40 + 6 weeks showed statistically significant differences136

between two adjacent gestational ages at 19–20 + 6 weeks, 21–22 + 6 weeks, 22–23 + 6 weeks, 23–24 +137

6 weeks, 24–25 + 6 weeks, 26–27 + 6 weeks and 27–28 + 6 weeks (P < 0.05). During this period, the138

conus medullaris ascended rapidly. There were also statistically significant differences between adjacent139

gestational ages at 29–30 + 6 weeks, 31–32 + 6 weeks, 34–35 + 6 weeks and 37–38 + 6 weeks (P <140

0.05). No statistically significant differences were observed between other adjacent gestational ages (P >141

0.05) (as seen in Table 3), suggesting that the conus medullaris ascends rapidly at 19–28 weeks, and142

then gradually and intermittently after 28 weeks. According to the analysis of the ratios of HD to various143
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Table 4
Fetal D1/FL, D2/FL and HD/FL at the gestational age of 18–40 weeks (x̄± s)

Gestational age N D1/FL P D2/FL P HD/FL P

18 8 0.81 ± 0.12 – 0.98 ± 0.17 – 0.79 ± 0.12 –
19 4 0.78 ± 0.10 0.55 0.92 ± 0.11 0.24 0.77 ± 0.10 0.60
20 29 0.87 ± 0.08 0.37 1.04 ± 0.07 0.01 0.85 ± 0.09 0.07
21 46 0.86 ± 0.09 0.47 1.02 ± 0.10 0.31 0.84 ± 0.09 0.64
22 44 0.85 ± 0.08 0.70 1.01 ± 0.08 0.52 0.83 ± 0.09 0.43
23 30 0.86 ± 0.07 0.67 1.01 ± 0.07 0.96 0.83 ± 0.07 0.74
24 32 0.89 ± 0.09 0.11 1.04 ± 0.09 0.20 0.87 ± 0.10 0.08
25 35 0.94 ± 0.09 0.10 1.09 ± 0.10 0.03 0.92 ± 0.10 0.14
26 51 0.95 ± 0.08 0.87 1.08 ± 0.09 0.71 0.91 ± 0.10 0.48
27 19 0.95 ± 0.10 0.96 1.08 ± 0.09 0.99 0.92 ± 0.10 0.53
28 21 1.00 ± 0.10 0.34 1.14 ± 0.10 0.22 0.98 ± 0.11 0.59
29 17 0.99 ± 0.06 0.52 1.11 ± 0.07 0.20 0.96 ± 0.06 0.60
30 33 1.01 ± 0.09 0.41 1.14 ± 0.10 0.18 0.99 ± 0.09 0.22
31 43 1.00 ± 0.09 0.79 1.14 ± 0.09 0.79 0.98 ± 0.08 0.62
32 44 1.04 ± 0.08 0.20 1.17 ± 0.09 0.11 1.03 ± 0.08 0.23
33 27 1.02 ± 0.08 0.23 1.14 ± 0.08 0.14 1.00 ± 0.08 0.29
34 27 1.00 ± 0.08 0.30 1.11 ± 0.06 0.15 0.98 ± 0.08 0.33
35 22 1.04 ± 0.08 0.55 1.16 ± 0.08 0.55 1.03 ± 0.09 0.04
36 31 1.04 ± 0.07 0.78 1.15 ± 0.08 0.87 1.02 ± 0.08 0.74
37 33 1.02 ± 0.08 0.42 1.15 ± 0.09 0.79 1.01 ± 0.08 0.42
38 19 1.05 ± 0.09 0.19 1.19 ± 0.08 0.06 1.04 ± 0.08 0.24
39 29 1.04 ± 0.07 0.73 1.16 ± 0.07 0.23 1.03 ± 0.07 0.78
40 11 1.04 ± 0.08 0.99 1.14 ± 0.10 0.42 1.03 ± 0.08 0.95

Total 655 0.96 ± 0.11 1.10 ± 0.10 0.94 ± 0.12
Notes: P , comparison of D1/FL, D2/FL and HD/FL with means at the previous gestational week.

biological measures, although the ratios increased with gestational age, most of the differences between144

adjacent gestational ages were not statistically significant. Notably, HD/FL remained relatively stable,145

and consistently exceeded 0.8 after 20 weeks (Table 4).146

4. Discussion147

The entire research took two years to complete, including one year of data collection and one year of148

data organization, analysis, and follow-up study.149

Though identified as a main cause of TCS, the prenatal diagnosis of closed skin lesions caused by150

fetal diseases still poses challenges. However, as a common characteristic, the close skin lesion-leading151

diseases commonly result in the low position of the conus medullaris. Thus it is diagnostically valuable152

to evaluate the position of the conus medullaris in prenatal ultrasound examination [9]. In the research153

by Luo et al. [10], the conus medullaris positions in 974 normal fetuses ranging from 15 to 41 weeks154

of gestation and 46 fetuses with TCS were enrolled and analyzed with a new ranging method. They155

stated that D1 and D2 exhibited a linear correlation with gestational age, with fitting equations of D1156

= 0.251GA – 2.265 cm (R2 = 0.926, P < 0.001) and D2 = 0.267GA – 1.812 cm (R2 = 0.928, P <157

0.001), for both D1 and D2, there were statistically significant differences between the measurements of158

normal and abnormal groups. Therefore, prenatal measurements of D1 and D2 contribute to the diagnosis159

of TCS. Zhai et al. [11] observed a linearly positive correlation between the distance from the conus160

medullaris to the first sacral vertebra (CM-S1) and gestational age, the linear regression equation of161

CM-S1 = 1.57 × gestational age – 16.43 (R2 = 0.89). In the TCS group, the fetal CM-S1 was smaller162
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than the 5th percentile of the corresponding gestational age. Shen et al. [12] obtained the linear regression163

equation using the trajectory ranging method, where the CD value of the trajectory method was defined164

as the distance between the end of the conus medullaris and the distal ossification center of the spine. The165

equation derived was CD value of the trajectory method = 0.037GA – 2.275 (R2 = 0.885, P < 0.001).166

In the present study, we measured the distance between the end of the fetal conus medullaris and the167

caudal end of the ossification center of the terminal vertebral body (referred to as Distance 1, D1), as168

well as the distance between the end of the conus medullaris and the intersection of the D1 extension169

and the caudal skin (referred to as Distance 2, D2). Analysis of the measured values revealed a rapid170

ascent of the conus medullaris between 19–28 weeks, followed by a gradual and intermittent ascent171

after 28 weeks (as shown in Table 3), which corroborated the findings obtained through the horizontal172

ranging method. The linear regression equations derived from our study were D1 = 0.258 × gestational173

age – 2.269 cm (R2 = 0.908) and D2 = 0.276 × gestational age – 2.053 cm (R2 = 0.915), which are174

approximate to the equations obtained by Luo et al. Additionally, Luo et al. recommend the use of FL/D2175

with a cutoff of 1 as the diagnostic criterion, which exhibited a sensitivity of 97.9% and specificity of176

87%. Our study analyzed the ratios of D1 and D2 to various growth parameters and revealed that D2/FL177

remained relatively stable and higher than 1 after 20 weeks of gestation, aligning with the study of Luo et178

al. Based on these results, we conducted an evaluation of the vertebral level corresponding to the end of179

the conus medullaris in 93 fetuses (14.5%) with D2/FL < 1, employing the caudal vertebral counting180

method. During the early stage of mid-pregnancy, the conus medullaris was primarily situated between181

the lower edge of L4 and the middle segment of L3 among the 93 fetuses. Subsequently, all 93 fetuses182

underwent close follow-up to monitor the ascent of their conus medullaris, which reached a level above183

L3 between 28 and 39 weeks of gestation. Among these cases, four fetuses displayed a gradual ascent,184

ultimately reaching the lower edge, middle segment, or upper edge of L3 at 34, 37, 37, and 39 weeks of185

gestation, respectively. Importantly, no abnormal performance or complications were observed during the186

follow-up period ranging from 5 to 35 months.187

Notably, previous research has demonstrated that ultrasound exhibits similar sensitivity to magnetic188

resonance imaging (MRI) in detecting spinal abnormalities [13,14]. Consequently, ultrasound presents189

promising prospects for evaluating the position of the fetal conus medullaris. The proposed horizontal190

ranging method introduced in our study offers convenience, quick operation, and facilitates the efficient191

prenatal evaluation of the low position of the conus medullaris, effectively excluding the possibility of192

TCS in fetuses.193

However, it is essential to acknowledge that this is a single-center prospective study with certain194

limitations. The sample size is small, and the subjects constituted only a specific population within the195

region. Future clinical endeavors should focus on expanding the observed populations across multiple196

regions and enhancing follow-up monitoring to further strengthen the validity and applicability of our197

findings. Additionally, the novel methodology of we raised in the study can also combine with artificial198

intelligence (AI) in clinical practice.199

To locate the conus medullaris through ultrasound remains a challenge, the failure always results from200

the difficulty to capture image due to fetal movement [15], which leads to time waste and unnecessary201

energy consumption of the physicians. AI presents superior advantages in the process of its rapid202

development [16,17], in the field of obstetry, the applications of AI in the recognition of medical203

images detected by ultrasound and the measurements of obstetric parameters have become increasingly204

apparent [18].205

Currently, AI contributes to the automatic recognition of multi-organ diverse sectional views, including206

the head, face, abdomen, and heart of the fetus [19–22]. The detection by AI accurately measures fetal207
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biometric parameters, inclusive of biparietal diameter, head circumference, abdominal circumference,208

and femur length, to observe fetal abnormalities [23]. With the development of deep learning methods209

and continuous improvement of intelligent models, AI has achieved intelligent segmentation of images210

and measurement of fetal biometric parameters during the continuous scanning process [24–26]. As a211

result, there is great potential on the AI-driven automatic segmentation and measurement of the fetal212

conus medullaris, enabling fast and efficient identification of its position and any potential abnormalities213

during the scanning process.214

5. Conclusion215

This study introduces the innovative horizontal ranging method for evaluating the fetal conus medullaris216

position. By using ultrasound images with clear anatomical landmarks, the HD measurement provides a217

more straightforward and reliable assessment, less affected by physiological curvature of the spine. The218

significance of this research lies in its potential to detect conus medullaris abnormalities early on, like219

TCS, enabling timely postpartum diagnosis and intervention to prevent irreversible neurological damage220

in infants. The simplicity and ease of implementation make the horizontal ranging method suitable for221

routine prenatal ultrasound examinations.222

We also made a start on the establishment of normal reference values, so medical professionals can223

confidently interpret results and identify potential issues, paving the way for the method’s broader224

adoption. As AI and medical imaging advance, further exploration and application of the HD measuring225

method offer promising prospects for enhanced prenatal care, ensuring better outcomes for infants at risk226

of related conditions. Overall, this study contributes valuable insights to prenatal diagnostics, enhancing227

the understanding and management of fetal conus medullaris anomalies.228
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