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ABSTRACT

AIM: To analyze changes in the lumbosacral angle in children with tethered cord syndrome before and after spinal cord untethering 
surgery, and to determine the clinical value of such changes at the last follow-up.    
MATERIAL and METHODS: We retrospectively analyzed 23 children over 5 years old who were treated with spinal cord untethering 
in our hospital from January 2010 to January 2021 and who had complete medical data. X-rays were used to examine the child’s 
spine preoperatively, postoperatively, and at follow-up with frontal and lateral radiographs, and lumbosacral angle data were 
measured and analyzed.
RESULTS: A total of 23 children aged 5–14 years had their lumbosacral angles measured and analyzed with a postoperative follow-
up of 12–48 months. The mean preoperative lumbosacral angle was 70.30 ± 9.04°, the mean postoperative lumbosacral angle was 
63.34 ± 5.60°, and the mean lumbosacral angle at the last follow-up was 61.61 ± 9.14°. There was a statistically significant reduction 
in the lumbosacral angle in the children postoperatively and at the last follow-up compared to the preoperative period (p=0.002; 
p=0.001).
CONCLUSION: Spinal cord untethering can improve the inclination of the lumbosacral angle in children older than 5 years with 
tethered cord syndrome.
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LSA due to the effect of asymmetric mechanical muscle 
tension (3). The degree of sacral tilt relative to the horizontal will 
become more and more serious with the age of the child (8), 
which may lead to increased neuropathy such as anal/bladder 
dysfunction, sensorimotor dysfunction, and low back pain 
(9). The current treatment for TCS is spinal cord untethering, 
and patients with either secondary or recurrent TCS can also 
benefit from surgical untethering (17). However, changes in 
LSA after spinal cord untethering have rarely been reported. 
In this study, we analyzed changes in the LSA of children with 
TCS over 5 years of age after spinal cord untethering and at 
the last follow-up compared to their preoperative period, thus 
providing a theoretical basis for clinical prognosis.

█   INTRODUCTION

The presence of physiological pronation of the lumbar 
segment of the normal spine leads the sacrum to 
assume a certain inclination angle, and this inclination 

angle promotes the formation of the lumbosacral angle (LSA). 
Changes in the LSA directly affect the physiological curvature 
of the lumbar spine and the lumbosacral tilt angle, causing the 
lumbar spine to lose its original stability, which in turn leads to 
lumbar degenerative disease and lower back pain. 

In tethered cord syndrome (TCS), the spinal cord is stretched 
taut and the spine is twisted, and the lumbosacral vertebrae 
are compressed forward by the accumulation of subcutaneous 
fat in the child, which can lead to an increase in the concurrent 
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█   MATERIAL and METHODS
This study was approved by the Ethics Committee of the Third 
Affiliated Hospital of Zhengzhou University (Approval number: 
2021-008-02).

Patients 

We retrospectively analyzed the preoperative, postoperative, 
and final follow-up changes in the LSA in children aged 
5–14 years with TCS who were diagnosed and treated with 
spinal cord untethering at our hospital from January 2010 to 
January 2021. The inclusion criteria were a diagnosis of spinal 
TCS confirmed by medical history, physical examination, 
preoperative MRI examination, whole spine frontal and lateral 
X-ray examination, and urodynamic examination; clinical 
symptoms of spinal cord tethering, contraindications to surgery 
were excluded, and spinal cord untethering was performed in 
our hospital; and postoperative clinical data were followed up 
for more than 12 months. The exclusion criteria were a history 
of lumbar spine trauma; abnormal spine development such as 
congenital scoliosis, anterior/retroflexion, spinal tumor, etc.; 
history of multiple surgeries on the lumbosacral region; and 
incomplete clinical data and imaging data.

Clinical Manifestations

All children had preoperative MRI examinations that confirmed 
low tethered conus medullaris, and whole spine X-ray 
examinations were performed to exclude spinal deformities. 
Clinical symptoms and signs included lumbosacral hair, 
masses, and skin pits (7 cases), decreased muscle strength or 
muscle atrophy in the lower limbs bilaterally or unilaterally (7 
cases), decreased sensation or loss of sensation in the lower 
limbs bilaterally or unilaterally (3 cases), abnormal urination 
and defecation (10 cases), clubfoot bilaterally or unilaterally 

(6 cases), and pain in the lumbosacral region or lower limbs 
(3 cases).

Study Methods

After admission to the hospital and completion of relevant 
investigations, spinal cord untethering was performed by 
the same experienced doctor. The spinal cord tethering was 
released by opening the laminae of the diseased segment 
using the double-opening/single-opening technique, and 
the laminae were repositioned and fixed with an absorbable 
internal fixation system after surgery to maintain the integrity 
of the posterior spinal column and the incision was closed 
layer by layer (Figure 1). Changes in LSA in lateral spinal 
radiographs were measured and analyzed preoperatively, 
postoperatively, and at the last follow-up. 

LSA Measurements 

The LSA was measured by drawing a straight line 
perpendicular to the tangent to the anterior surface of the third 
lumbar vertebra and drawing a straight line perpendicular to 
the sacral line, which is perpendicular to the line connecting 
the midpoint of the anterior edge of the first sacral vertebra 
and the anterior edge of the second sacral vertebra, and the 
angle formed by the two lines was the LSA (15,16).

Statistical Analysis

The measurement data were expressed as mean ± standard 
deviation. SPSS 25.0 software was used for statistical data 
analysis. The Wilcoxon signed rank test and Mann–Whitney 
U-test were used to test the significance of the variables, 
and Spearman correlation analysis was used to assess 
the correlation of variables. Differences were considered 
statistically significant at p<0.05.

Figure 1: Case 10, male, 7 years old. Preoperative (A), postoperative (B), and 36-month postoperative follow-up (C) CT 3D reconstructions. 
Intraoperatively, the lamina below L1 was seen to be unfused, the T12-L1 lamina was opened with a double door, the right side of L2 and 
the left side of L3 were opened with a single door, and the dura was seen to be pulled by abnormal fiber bundles between the T12-L1 
lamina. After spinal cord untethering the T12-L3 lamina was shaped and fixed with the L1 absorbable nail plate system.
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█   RESULTS
We studied a total of 23 children with TCS (10 males and 
13 females) with a mean age of 9.00 ± 3.09 years and a 
mean postoperative follow-up of 19.26 ± 9.02 months 
(Table I). The mean preoperative LSA was 70.30 ± 9.04°, the 
mean postoperative LSA was 63.34 ± 5.60°, and the mean 
postoperative LSA at the last follow-up was 61.61 ± 9.14°. 
The angles were significantly different (p=0.002; p=0.001) 
both postoperatively and at the last follow-up compared to 
preoperatively (Table II). There was no statistical difference 
between postoperative and final follow-up (p=0.346). 

We divided the children into two groups according to the age 
of puberty at around 10 years, including 13 cases younger 
than 10 years and 10 cases 10 years of age and older. 

Statistical analysis of the change in LSA in both groups 
showed that the angle in the group less than 10 years of 
age was statistically significant after surgery and at the last 
follow-up compared with the angle before surgery (p=0.013; 
p=0.041). There was no statistical difference in the group 
older than 10 years of age after surgery compared with the 
angle before surgery (p=0.058), but there was a significant 
difference at the last follow-up compared to preoperatively 
(p=0.012) (Table II). Statistical analysis of the postoperative 
LSA correction rates in the two groups separately showed 
no statistically significant difference between the two groups 
(U=55.000; p=0.535). Figure 2 shows the LSA measurements 
(preoperative, postoperative, and final follow-up) of a 7-year-
old boy with TCS. 

Table I: Clinical Data of the Included Patients

Case Age (years) Sex Preoperative 
LSA (°)

Postoperative 
LSA (°)

LSA at the last 
follow-up (°)

Follow-up time 
(months)

Vertebroplasty 
segment

1 11 F 72 69 59 36 L4-S2

2 14 M 66 64 56 16 L3-S2

3 13 F 71 66 60 12 L1-L3

4 13 F 71 73 68 21 L2-L5

5 5.5 M 65 58 53 14 L5-S1

6 5.5 M 59 57 49 12 L4-S2

7 6.7 F 76 65 55 14 T12-L1

8 7 M 54 57 59 13 L4-S3

9 7 M 61 69 68 17 L4-S1

10 7 M 67 60 52 48 T12-L3

11 7 F 70 60 68 21 L4-S4

12 8 F 79 61 69 13 S1-S2

13 8 F 81 69 84 15 L5-S2

14 14 M 55 64 59 24 L4-L5

15 7 F 68 60 65 25 T11-L5

16 5 F 61 61 61 14 L4-S2

17 12 M 82 65 70 17 L3-S2

18 11 F 72 70 44 13 L3-L5

19 5 M 78 54 55 16 S1-S3

20 6.5 F 65 54 60 33 L2-L3

21 13 F 73 70 70 22 L5-S2

22 11 F 88 71 76 15 T11-L1

23 10 M 83 60 57 12 S1-S2

M: Male, F: Female.
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view. After grouping by age, there was no significant difference 
in the postoperative LSA correction rate when comparing 
the two groups, and the change in LSA in the group older 
than 10 years was not significantly different postoperatively 
compared with preoperatively, but there was a significant 
difference at the last follow-up compared with preoperatively. 
The lack of statistical significance is likely due to the small 
number of cases, and there is a need for longer-term follow-
up to increase the reliability of the study results. In addition, 
differences in gender body image mainly appear after the 
second sexual characteristics at puberty, thus there was no 
significant difference in LSA between the genders (4).

Low tethered conus medullaris is a relatively common 
intraspinal deformity (12), and according to the literature 90% 
of children with spinal dysraphism develop spinal deformities 
of varying degrees (10), including scoliosis, kyphosis, and 
pronation, and often compound deformities, before the age 
of 10 years. Tubbs et al. suggested that the LSA of children 
with spinal bulge increases when the symptoms of TCS are 
exacerbated (15-17). The current treatment of choice for 

█   DISCUSSION
The LSA is an important indicator of sacral tilt angle, and 
changes in the LSA will lead directly to changes in lumbosacral 
spine morphology resulting in a compensatory change in the 
lumbar anterior convexity angle and a decrease in lumbar 
spine stability. Bailey et al. found that sacral spine morphology 
was highly positively correlated with the size of the LSA, and 
the greater the LSA the greater the sacral curvature and 
the degree of lumbar tilt (2). Kocyigit and Berk found that 
the correlation between the LSA and the lumbar anterior 
convexity angle tended to decrease with increasing age (6). 
Abitbol’s measurements showed that the LSA in healthy 
children up to 11 months of age is generally between 20° and 
45° (1), and the earlier they generally learn to stand and walk, 
the earlier their LSA will increase accordingly, stabilizing at 
5 years of age independent of age, height, and weight, with 
continued increases likely related to neurological deformities 
(13). Thus the LSA remains relatively stable before puberty. 
Statistical analysis of the angles of the children in this study 
group postoperatively and at the final follow-up showed no 
significant difference (p=0.346), which is consistent with this 

Table II: The means ± Standard Deviations for LSAs (°)

Age (years) Preoperative Postoperative The last 
follow-up

p-value
 (preoperative vs. 

postoperative)

p-value
 (preoperative vs. 

postoperative)

p-value
 (preoperative vs. 

postoperative)

All cases 70.30 ± 9.04 63.34 ± 5.60 61.61 ± 9.14 0.002 0.001 0.346

<10 68.00 ± 8.43 60.38 ± 4.84 61.38 ± 9.45 0.013 0.041 0.694

≥10 73.30 ± 9.36 67.2 ± 4.02 61.90 ± 9.23 0.058 0.012 0.064

P<0.05 was statistically significant.

Figure 2: Case 10: A 7-year old male patient. Preoperative (A), postoperative (B), and follow-up (C) lateral spine x-rays were taken, and 
the LSA was measured and recorded. The preoperative LSA was 67°, the postoperative LSA was 60°, and at the end of 48 months of 
follow-up the LSA was 52°.
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economical and suitable for multiple reviews in children. In 
this study, we measured and analyzed changes in the LSA 
in sagittal lumbosacral radiographs of 23 children with TCS 
over 5 years of age before and after surgery and at the last 
follow-up, and the results showed that the LSA of the children 
after spinal cord untethering and at the last follow-up were 
statistically significant compared with the LSA before surgery, 
indicating that spinal cord untethering can improve the LSA tilt 
and delay the progression of lumbar lordosis in children with 
TCS over 5 years of age. There was no significant difference 
in the angle at the follow-up, indicating that the LSA remained 
relatively stable during the follow-up period.
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