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Evaluation of Neurological Examination, SEP Results, MRI Results, and 
Lesion Levels in Patients Who Had Been Operated for Myelomeningocele
Gokhan Canaz1, Huseyin Canaz2, Ezgi T. Erdogan3, Ibrahim Alatas2, Erhan Emel1, Zeliha Matur4

Objective: Myelomeningocele is the most severe and the most frequent form of 
spina bifida. Most of the myelomeningocele patients undergo operations in new-
born age. In terms of life quality and rehabilitation, follow-up’s of these patients 
in the growth and development period after the operation is critical. In our study, 
our aim is to emphasize the correlation of SEP results with MRI results and 
clinical features of the myelomeningocele patients. Materials and Methods: In our 
study, we included 36 patients who had undergone myelomeningocele operation 
and have been followed-up in Istanbul Bilim University Florence Nightingale 
Hospital, Spina Bifida Research and Treatment Centre. Posterior tibial nerve 
SEP was performed on each patient and neurological examinations were done 
in the same session. Results were compared with clinical functional lesion levels, 
levels of fusion defect and ambulation levels. In order to evaluate SEP results, we 
used age-related reference values from Boor et al.’s study in 2008. Patients were 
grouped as normal, unilaterally prolonged, bilaterally prolonged, unilaterally lost, 
and bilaterally lost. Results: The correlations of posterior tibial nerve SEP results 
were significant with ambulation levels (r = 0.428, P < 0.01), clinical functional 
lesion levels (r = 0.477, P < 0.01) and fusion defect levels (r = −0.528 P < 0.05). 
The lumbar SEP results were only significantly correlated with functional lesion 
levels (r = 0.443 P < 0.05). Conclusions: Radiological studies are insufficient when 
evaluating the functionality of the central nervous system. To fully evaluate the 
functionality and watch the neurological development with accuracy, especially 
in operated patients, electrophysiological studies should be an indispensable part 
of myelomeningocele follow-ups.

Keywords: Ambulation, myelomeningocele, somatosensory evoked potentials, 
spina bifida

Introduction

M yelomeningocele (MMC) is the most severe 
and the most common form of spina bifida.[1,2] 

In patients with MMC, lower extremity deficits and 
paraplegia are extremely likely to be seen. Frequently, 
urinary anomalies also accompany this condition. In 
these patients’ lives, regular and accurate follow-ups are 
very important in order to prevent any worsening of 
their health status, to improve their quality of life and 
for their rehabilitation.

When we consider that 99% of the MMC patients 
are children, the follow-ups for their neurological 
developments from infant age are very important. Early 
detection of any neurological deterioration allows us 
to diagnose and intervene as soon as possible. It is not 
an easy task to follow-up infants or children accurately 
with neurological or radiological examinations, more 
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advanced examinations are needed. Surveys and 
clinical classifications are necessary for patient follow-
ups but the detailed evaluation of the development and 
the functionality of the nervous system and detection 
of the deteriorations before they become apparent in 
the clinic is possible with electrophysiological tests. The 
most common used electrophysiological tests in spinal 
pathologies are motor evoked potentials (MEP) and 
somatosensory evoked potentials (SEP). Early detection 
of pathologies is important in terms of conditions 
like re-tethering and scoliosis which requires surgical 
interventions and, therefore, electrophysiological 
evaluations like SEP, MEP, and urodynamic studies are 
important in follow-ups of patients with MMC.[3]

Ambulation is a key factor for rehabilitation and 
determination of the quality of life of a patient who 
was operated for MMC.[4] Ability to move is essential 
for the child to interact with people, to participate in 
community, and, in terms of personality, to develop 
self-confidence. In different age groups, we have 
different ambulation aims, because of that, a suitable 
ambulation classification is needed. If  the results of 
the examinations, which will be used to evaluate the 
neurological outcome of patients, are in a correlation 
with patients’ ambulatory status, it increases the value 
of those examinations.

Our aim in this study is to compare the posterior tibial 
SEP results with functional lesion levels, fusion defects 
levels, and ambulation levels of patients, who had been 
operated for MMC in early life, and to emphasize the 
value of SEP as an accurate method for the evaluation 
of the neurological condition of lower extremities.

Materials and Methods

Study population
This study was conducted in Istanbul Bilim University, 
Florence Nightingale Hospital, Spina Bifida Research 
and Treatment Center with the ethical approval of 
University of Health Sciences, Bakirkoy Research 
and Training Hospital for Neurology, Neurosurgery 
and Psychiatry Ethics Committee (Protocol number: 
2018/48). Thirty-six patients, who had been operated 
for MMC closure, have been included in the study. 
Posterior tibial nerve somatosensory evoked potentials 
of 36 patients had been recorded during their follow-
ups in 2014–2018 and neurological examinations were 
done in the same session. Results were compared with 
clinical functional lesion levels, levels of fusion defects, 
and ambulation levels. SEP and spinal MRI studies 
were performed in all patients. Patients below 3 years 
old were excluded from this study due to unreliable SEP 
results at this age of children. Written informed consent 

was obtained from legal guardians of all individual 
participants included in the study.

The average age of the patients was 8.2 years (range: 3–17) 
and median of the operation age was 0.5 weeks (avg: 9.86, 
range: 0-208w). Of the 36 patients, 20 had been operated 
in the first week of life, one had been operated at the age 
of 2 years and one had been operated at the age of 4 years  
[Table 1].

Study design
Tibial somatosensory evoked potentials
Recordings were conducted using 5-channel system 
EMG-UP device (Viking® on Nicolet® EDX; Natus 
Neurology Incorporated 3150 Pleasant View Road 
Middleton, WI 53562).

SEP responses were elicited by stimulating both tibial 
nerves, respectively, with submaximal intensity, enough 
to produce a small thumb twitch (1–15 mA) using skin 
electrodes at the ankle. Stimulation frequency was 
1–2 Hz, stimulus duration was 1 ms. The filter band-
pass was: 0.3–1000 Hz and the sensitivity was 5–10 µV. 
Analysis time was 100 ms. Recordings were made in 
three channels:

1st Channel: From popliteal fossa, with saddle-shaped 
skin electrodes over tibial nerve (active-reference)

2nd Channel: T12 or L1 vertebrae (T12/L1; active)—
Anterior superior iliac spina (ASIS; reference)

3rd Channel: Central midline (Cz; active)—Paracentral 
of the opposite side of the stimulation (C3/4; reference)

Responses were averaged until a smooth base-line was 
achieved and at least two averaged recordings were 
superimposed. The latencies (ms) in N7, N22, P37, 
N45, interpeak latencies (µV) of P37-N45, and the 
central conduction time (N22-P37 latency difference; 
ms) were calculated and evaluated [Figure 1].

Age-specific reference values from Boor et al.’s[5] normative 
data were used to evaluate SEP results. Longer latencies 
of P40 beyond three standard deviations from the mean 
of the control groups were named as “prolonged.” Cases 
which P40 value could not be received were named as 
“abnormal.” SEP results were grouped as;

•	 Normal,
•	 Unilaterally prolonged,
•	 Bilaterally prolonged,

Table 1: Study population
Age (range) 8.22 (3–17)
Sex Male: 19

Female: 17
Age of operation—(median) (week) 0.5
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•	 Unilaterally lost and
•	 Bilaterally lost.

Lomber results were named as “normal,” “lost,” 
“artefact,” and “prolonged” according to reference 
values [Figure 2].

Ambulation levels
We evaluated the ambulation levels according to the 
study of Hoffer et  al.[6] as community ambulators, 
household ambulators, non-functional ambulators, 
and non-ambulators.

1.	 Community ambulatories: Patients who were able 
to walk indoors and outdoors most of the time. 
They may use a wheelchair for long commutes.

2.	 Household ambulatories: Patients who walk only 
indoors and use the wheelchair for any other 
activities in the community.

3.	 Non-functional ambulatories: Patients who use the 
wheelchair for all activities indoors and outdoors. 
They can only walk in therapy sessions.

4.	 Non-ambulatories: Wheelchair dependent patients 
but most of the time they can transfer themselves 
between the bed and the chair.

Clinical functional lesion levels
Clinical functional lesion levels were classified according 
to neurologic deficits level with numbers from 0 to 5.

0.	 Normal, no deficit.
1.	 Sacral: Foot plantar flexion.

2.	 Lower lumbar: foot dorsiflexion.
3.	 Mid lumbar: Knee extension.
4.	 Upper lumbar: Hip flexion.
5.	 Thoracic: Flask lower extremities.

Fusion defect levels
Fusion defect levels were assigned according to operation 
notes, MRI results, and direct radiographs. They were 
evaluated in four groups, according to the beginning of 
the posterior fusion defects from cranial to caudally.

1.	 Thoracic: Thoracic levels.
2.	 Upper Lumbar: L1 and L2 levels.
3.	 Lower Lumbar: L3, L4 and L5 levels.
4.	 Sacral: S1 and distal levels.

Statistical evaluations
Statistical evaluations were made by using IBM SPSS 
Statistic version 22 (USA) program. Correlations 
between SEP results and ambulation levels, clinical 
functional lesion levels and fusion defects levels were 
evaluated with Spearman test. Comparison of MR 
findings with ambulation levels and SEP results were 
made using the Fisher test.

Results

Ambulation levels—SEP results
The correlation between ambulation levels and SEP 
results of patients were significant according to 
Spearman analyse (r: 0.460, P < 0.01) [Table 2].

Figure 1: Stimulation and record zones with an example of the recorded potentials
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Clinical functional lesion levels—SEP results
The correlation between clinical functional lesion levels and 
SEP results of patients were highly significant according to 
Spearman analyse (r: 0.477, P < 0.01) [Table 3].

Fusion defect levels—SEP results
The correlation between fusion defect levels and SEP 
results of patients were highly significant according to 
Spearman analyse (r: -0.528 P < 0.05) [Table 4].

Figure 2: (A) 6-year-old male patient. Latencies of cortical potentials are longer than normal values on left (right: 37.6ms, left: 55.4 ms) 
(Group 2). (B) 7-year-old male patient. Latencies of cortical potentials are bilaterally prolonged (right: 60.1ms, left: 58.6ms) (Group 3). (C) 
14-year-old female patient. The cortical potentials are lost on left, and lumbar potentials are bilaterally lost. On the right, the amplitude of 
the cortical potentials are low (1 µV) and latency is slightly prolonged (43 ms) (Group 4)
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Lumbar SEP results
There was a significant correlation between only lumbar 
SEP results and functional lesion levels, and it was in 
medium level (r: 0.443 P < 0.05) [Table 5].

MRI findings
In the MRI scans of the patients, which were 
performed in a close time with SEP tests, hydrocephalus 
(HC), Chiari anomaly (CH), tethered cord (TC), 
syringomyelia (SM), and diastomyelia (DM) were 
investigated [Table 6]. TC was spotted in 20/36 patients 
(%55.5). Among the 20 patients, 13 were community 
ambulatory. Only four patients were non-ambulatory.

Comparisons between TC presence with ambulation 
levels, functional lesion levels, and SEP scores revealed 
no significant relationship [Table 7].

Discussion

Our study revealed that the cortical responses of 
posterior tibial nerve SEP are significantly correlated 
with ambulation levels, functional lesion levels and 
fusion defect levels. On the other hand, we found that 

MRI findings of the patients have no relation with 
patients’ neurologic status.

In spina bifida patients, one of our major goals is to 
preserve ambulation. Life quality of MMC patients is 
highly related to their ambulation status.[7-9] In addition 
to psychological effects, ambulation takes a big role in 
conditions with bone metabolism, such as osteoporosis, 
and in terms of cardiopulmonary capacity. In pediatric 
patients, we should consider mobility in regards to 
development. For a baby, the “community” concept is the 
house. As the child grows, first the outside and then the 
school become a part of this concept. Being “community 
ambulatory” and joining public activities is important 
for both, child’s growth and personal development. An 
instrument used to assess the neurological condition of 
a spina bifida patient is expected to be highly correlated 
with ambulatory levels. Hoffer et  al.’s ambulation 
classification for patients with myelomeningocele, which 
we used in our study, had been widely accepted and 
used in many studies including researches about spinal 
injury.[6,10,11] One of the importance of this classification 

Table 2: The correlation between ambulation levels and SEP results
SEP result

Ambulation 
level

 Normal Unilat.  
prolonged

Bilat.  
prolonged

Unilat. lost Bilat. lost N R P

Non-ambulatory     4 36 0.46 0.005*
Non-functional    1 1
Household ambulator 2    3
Community ambulatory 9 2 2 5 6

*Correlation is significant at the 0.05 level according to Spearman test (2-tailed)

Table 4: The correlation between fusion defect levels and SEP results
SEP result

Fusion defect 
level

 Normal Unilat. 
prolonged

Bilat.  
prolonged

Unilat. lost Bilat. lost N R P

Sacral 2 1    36 –0.528 0.002*
Low lumbar 6 1 2 3 4
High lumbar 1   2 3
Thoracal 1    6

*Correlation is significant at the 0.01 level according to Spearman test (2-tailed)

Table 3: The correlation between clinical functional lesion levels and SEP results
SEP result

Functional lesion 
level

 Normal Unilat. 
prolonged

Bilat. 
prolonged

Unilat. lost Bilat. lost N R P

Thoracal     2 36 0.477 0.003*
High lumbar 1   2 3
Mid lumbar 2 1  1 8
Low lumbar 2  2 1 1
Sacral 2 1  1  
Normal 2   1 1

*Correlation is significant at the 0.01 level according to Spearman test (2-tailed)
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is that patients are not classified according to their 
orthoses or any other helping devices. For example, a 
patient with a wheelchair who can join public activities 
is in the same group with a patient who does not use any 
orthosis. The purpose is to evaluate the ability to join the 
community, independent from the method.

The evaluation of SEP results in the pediatric patient 
population has been a topic of debate for many years. 
The height of the patient is an important variable in SEP 
interpretation and increase in children’s height with the 
maturation of neural tissues are making it difficult to 
determine age-related normal values. In some studies, 
researchers had tried to formulate this proportion, but 
the general opinion is that the increase in the height and 
neural maturation balances each other’s effects.[5] Some 
clinics use the values they obtained during their own 
practice to determine normal values. In our study, we 
used Boor et al.’s[5,12] recent study, including 89 children 
and 19 adults SEP results after posterior tibial nerve 
stimulation. In the recent study, they updated their 
reference values, which they had reported in 1998, and 
classified normal values more detailed according to 
age. Patient cooperation is important in performing 
SEP test and this is another difficulty with the pediatric 
population in terms of the application and assessment of 
the test. During the application, between stimulus and 
measurement episodes, maintaining the minimal muscle 
activity in children are up to the skill of the technician or 
doctor. Although it is known that sedation effects the test 
results, there are still studies reporting the use of sedation 
for SEP measurements in children.[13,14] In our study, all 
SEP studies were performed by an expert neurologist with 
no sedation used. The difficulty of the application of SEP 

in the pediatric population is a factor that prevents the 
widespread use of the SEP tests.

MR imaging is a gold standard examination in spina 
bifida, just as in all spinal pathologies. MRI provides 
us with important information about the position of 
conus, anatomic integrity of posterior components of 
the vertebra, sac ingredients and roots’ relationship with 
neighbouring tissues. These make MRI vital especially 
for operation planning.[15] However, in operated patients, 
due to fibrosis and granulation in operation space, it is 
hard to evaluate anatomical structures and functional 
integrity of neural tissues.[16,17] One of three patients 
who was operated for MMC needs a reoperation for 
TC release in the following period.[3,18,19] This ratio is 
changing between 17 and 60% in the literature. The 
main reason for this difference is the indecision about 
the indications. As we mentioned earlier, MRI is not a 
reliable method to follow these patients and does not 
provide sufficient findings to decide the operation. TC 
presents or not, in case of clinical deterioration, it is hard 
to decide indications or plan the possible new operation 
with the help of only MRI. In a study by Just et al.,[20] 
114 patients, who had been operated for MMC, were 
evaluated and it is reported that 89% of the patients 
had MRI findings indicating TC syndrome. Tamaki 
et al.[21] examined 29 patients’ MRI results, who had been 
previously operated for MMC. All 29 patients’ MRI 
results were reported to be compatible with TC, but only 
in 8 patients (27.5%), clinical symptoms were reported. 
In our study group too there were patients with normal 
examinations and SEP results despite pathologic MRI 
findings [Figure 3]. On the other hand, only four patients 
who were non-ambulatory and had bilaterally lost SEP 
responses have TC findings in their MRIs [Figure 3].

Table 5: Correlations with lumbar SEP results
SEP—lumbar results N R P

  Normal Prolonged Lost    
Ambulation level Non-ambulatory 0 0 3 31* 0.196 0.291

Non-functional 0 0 2
Household ambulator 0 1 4
Community ambulatory 2 3 16

Functional lesion level Thoracal 0 0 1 31* 0.443 0.013**
High lumbar 0 0 5
Mid lumbar 0 1 10
Low lumbar 1 0 6
Sacral 0 3 1
Normal 1 0 2

Fusion defect level Sacral 0 0 4 31* –0.085 0.651
Low lumbar 1 4 11
High lumbar 1 0 5
Thoracal 0 0 5

*In 5 patient, lumbar responses could not be received due to artefacts
**Correlation is significant at the 0.05 level according to Spearman test (2-tailed)
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Table 6: Patients’ MRI findings, SEP results and ambulation levels
Patients Anomalies detected on MRI SEP results Ambulation levels
1 HC 4 1
2 SM 5 4
3 SM + TC 4 1
4 CH 5 1
5 SM + TC 5 2
6 None 5 1
7 CH + SM + TC 5 4
8 HC 5 2
9 HC 5 3

10 None 1 1
11 SM 1 2
12 SM + TC + DM 5 4
13 SM + DM + TC 1 1
14 SM + TC + CH + HC 3 1
15 SM + TC 1 1
16 SM + DM 5 1
17 CH + SM + DM + TC 4 3
18 TC + SM + HC 5 4
19 CH + SM + TC 2 1
20 SM + TC 1 1
21 SM + TC 1 1
22 None 1 1
23 SM + DM + TC 4 1
24 SM + TC + HC 5 4
25 HC 3 1
26 SM + LM + TC + HC 4 1
27 None 5 2
28 TC 1 1
29 SM + TC 4 1
30 None 1 1
31 None 1 1
32 TC 5 1
33 HC 5 1
34 SM + TC + LM 2 1
35 None 1 2
36 SM + TC 5 1
HC = hydrocephalus, CH = Chiari anomaly, TC = tethered cord, SM = syringomyelia, DM = diastomyelia, LM = lipoma

Table 7: Comparison of tethered cord presence with SEP results, ambulation levels and functional lesion levels, using 
Fisher’s test

SEP results N P

Tethered 
cord

 Normal Unilat. prolonged Bilat. prolonged Unilat. lost Bilat. lost   
+ 5 2 1 5 7 36 0.710
– 6 0 1 1 8
 Ambulation levels   
 Community ambulatory Household  

ambulatory
Non-functional  
ambulatory

Non-ambulatory   

+ 14 1 1 4 36 0.213
– 10 4 1 1
 Functional lesion levels   
 Normal Sacral Low lumbar Mid lumbar High lumbar Thoracal   
+ 2 3 5 5 3 2 36 0.748
– 2 1 3 7 3 0   
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Neurophysiological tests take an important place 
in spina bifida and TC operations. The benefits of 
using intraoperative neurophysiologic monitoring 
(IONM) is widely accepted and were reported in 
plenty of studies.[22-24] In similar spinal pathologies and 
spina bifida patients, there are studies suggesting the 
advantages of using neurophysiological tests in preop 
and postop follow-ups.[25-27] There are also important 
reports about urodynamic studies which include 
electrophysiological methods. In separate studies of 
Alatas et  al.[3] and Tarcan et  al.,[28] preop and postop 
urodynamic study results of newborns, operated for 
MMC, were evaluated and significant healing (75–66%) 
was reported in urodynamic parameters. In the light of 
these studies, it has been suggested that the urodynamic 

parameters may help to detect the deterioration in 
autonomic and motor functions.

The main limitations of our study are the age range 
and number of patients, as it is in many similar studies. 
Different pathologic MRI findings like hydrocephalus, 
TC, SM, and lipomas may cause our patient population 
to be too heterogeneous, but these anomalies have a high 
concomitance with MMC. Because of this, we did not 
add them to criteria. The presence of TC on MRI was 
decided according to the reports of the neuroradiology 
department.[29] In the literature, there are studies which 
are evaluating each anomaly’s relation to ambulation.[4] 
The next step of this study should be the evaluation of 
the patients who were operated for MMC closure with 
regular SEPs.

Figure 3: (A) 16-year-old female patient. She was operated for MMC closure in the first 48 h of life. She has normal posterior tibial nerve 
SEP results and no lower extremity deficits. In MRI, TC findings and SM cyst are present. (B) 5-year-old female patient. She was operated 
for sacral MMC on the eighth day of life. She was community ambulatory and had no lower extremity deficit. Posterior tibial nerve SEP 
results are normal. In MRI, evident low conus and TC are present. (C) 7-year-old male patient. He was operated for high lumbar MMC on 
the 40th day of life. He is non-ambulatory and posterior tibial nerve SEP is bilaterally lost. In MRI, distinct tethering is visible on L1-2-3 
levels. The patient has urinary incontinence, and increased bladder volume is visible
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Conclusions

Radiological studies are insufficient when evaluating 
the functionality of the central nervous system. The 
full evaluation of functionality, especially in operated 
patients, is possible with electrophysiological studies. 
Electrophysiological studies should be accepted as the 
gold standard especially in the spina bifida patients group, 
so that neurological development as well as accompanying 
pathologies or treatment results can be followed closely. 
As our study supports, SEP is a reliable tool for the follow-
ups of MMC patients. For results with higher levels of 
evidence, wider evaluations with multicenter studies and 
larger patient groups should be done.
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