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Abstract

Introduction. Correlation between magnetic resonance imaging (MRI) and clinical 
features in cauda equina syndrome (CES) is unknown; nor is known whether there are 
differences in MRI spinal canal size between lumbar herniated disc patients with CES 
versus lumbar herniated discs patients without CES, operated for sciatica. The aims of 
this study are 1) evaluating the association of MRI features with clinical presentation 
and outcome of CES and 2) comparing lumbar spinal canal diameters of lumbar herni-
ated disc patients with CES versus lumbar herniated disc patients without CES, operated 
because of sciatica.
Methods. MRIs of CES patients were assessed for the following features: level of disc le-
sion, type (uni- or bilateral) and severity of caudal compression. Pre- and postoperative 
clinical features (micturition dysfunction, defecation dysfunction, altered sensation of 
the saddle area) were retrieved from the medical files. In addition, anteroposterior (AP) 
lumbar spinal canal diameters of CES patients were measured at MRI. AP diameters of 
lumbar herniated disc patients without CES, operated for sciatica, were measured for 
comparison.
Results. 48 CES patients were included. At MRI, bilateral compression was seen in 82%; 
complete caudal compression in 29%. MRI features were not associated with clinical 
presentation nor outcome. AP diameter was measured for 26 CES patients and for 31 
lumbar herniated disc patients without CES, operated for sciatica. Comparison displayed 
a significant smaller AP diameter of the lumbar spinal canal in CES patients (largest 
p=0.002). Compared to average diameters in literature, diameters of CES patients 
were significantly more often below average than that of the sciatica patients (largest 
p=0.021).
Conclusion. This is the first study demonstrating differences in lumbar spinal canal size 
between lumbar herniated disc patients with CES and lumbar herniated disc patients 
without CES, operated for sciatica. This finding might imply that lumbar herniated disc 
patients with a relative small lumbar spinal canal might need to be approached differ-
ently in managing complaints of herniated disc. Since the number of studied patients is 
relatively small, further research should be conducted before clinical consequences are 
considered.
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Introduction

Cauda equina syndrome (CES) is a rare neurological complication caused by compres-
sion of the nerve roots of the cauda equina. CES is – according to literature consensus 
– defined by presence of one or more of the following symptoms: 1) bladder and/or 
bowel dysfunction, 2) reduced sensation of the saddle area and/or 3) sexual dysfunc-
tion, with possible neurologic deficit in the lower limb.1 Several systems of sub classifica-
tion of CES are described, of which the one reported by Gleave and MacFarlane is more 
commonly used: it distinguishes between CES-R/complete (characterized by painless, 
urinary retention) and CES-I/incomplete (characterized by urinary difficulties with e.g. 
sensory loss, but without retention and overflow incontinence), with CES-I believed to 
have better prognosis.2 CES can be instigated by a variety of causative agents, such as 
lumbar herniated disc, tumour, infection, stenosis or hematoma. Lumbar herniated disc 
is the most common cause  described in literature (45%);1 CES provoked by other pathol-
ogy is beyond the scope of this article.

The first publication of CES caused by lumbar herniated disc was by Dandy in 1929.3 
Mixter and Barr advocated five years later for prompt surgical decompression in all CES 
patients, which statement generated much publicity and propelled both research and 
clinical practice about sciatica and CES forward.4 Since that time, CES is regarded as an 
emergency indication for surgery. The value of early surgery has been supported by – 
among others – the well-known meta-analysis of Ahn et al. (2000), which demonstrated 
that CES patients surgically decompressed within 48 hours have a significant better 
outcome of sensory, motor, urinary and rectal function compared to those being oper-
ated after 48 hours.5

The diagnosis of CES is based on a combination of clinical and imaging features. 
Interpretation of clinical features alone is difficult due to the great inter patient varia-
tion of symptoms. Magnetic resonance imaging (MRI) of the lumbar spine is the current 
modality of choice in any suspected case of CES to confirm diagnosis and to identify the 
causative agent and level of caudal compression.6

Two aspects about imaging in CES are interesting. Firstly, only 1-10% of patients with 
a known lumbar herniated disc develop CES.7-9 It is not possible (yet) to predict which 
lumbar herniated disc patients will develop CES. By reasoning, a factor such as the 
(premorbid) size of the lumbar spinal might play a part in the development of clinically 
evident caudal compression in lumbar herniated disc patients. Exploring imaging char-
acteristics that may herald a higher risk for CES in known lumbar herniated disc patients  
- such as spinal canal size - might create a unique opportunity for early surgery in lumbar 
herniated disc patients not yet affected by CES. Prevention is better than cure especially 
in CES, due to the rather disappointing postoperative outcome in CES patients.10,11
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Secondly, the rationale behind the inter patient variation of CES complaints at pre-
sentation and the differences in posteropative recovery are not well understood. Some 
possible factors influencing outcome in CES have already been evaluated, of which 
time to decompression is the most frequently studied parameter.5,12,13 The association 
between MRI and clinical CES features however, has never been studied. Associations 
between imaging and clinical features were evaluated before for other spinal diseases, 
such as spinal lumbar stenosis14 and sciatica due to lumbar herniated disc.15 Identify-
ing MRI characteristics at presentation which are associated with a better or worse 
outcome of CES after decompressive surgery could substantially improve personalized 
postoperative care and could lead to a more tailor-made prognosis. Moreover, exploring 
the relationship between MRI and clinical features at presentation might add to cur-
rent pathophysiological knowledge, e.g. whether degree of caudal compression at MRI 
correlates with severity of complaints. The current study is designed to 1) evaluate the 
association between MRI features and CES complaints at presentation, 2) evaluate the 
prognostic value of MRI features for outcome of CES complaints and to 3) compare the 
lumbar spinal canal diameter of operated lumbar herniated disc patients with CES, with 
the diameter of lumbar herniated disc patients operated because of sciatica without CES 
and to standardized diameters reported in literature.

Material and methods

In a recent study, the authors described a cohort of 75 patients with CES due to lumbar 
herniated disc, identified by screening the medical records of all patients operated in the 
Leiden University Medical Centre (LUMC; university hospital and referral centre for com-
plex spinal surgery) between 1995 and 2010, with the surgery code ‘lumbar discectomy’ 
or ‘recurrent lumbar discectomy’ (n=744 surgeries).10 CES was defined by presence of one 
or more of the following symptoms: 1) bladder and/or bowel dysfunction, 2) reduced 
sensation in the saddle area and 3) sexual dysfunction, with possible neurologic deficit 
in the lower limb. Baseline characteristics and follow up data of identified CES patients 
were extracted from the medical records. The following items were extracted: gender; 
age at surgery; duration of complaints of CES at presentation; duration of complaints 
of herniated disc (defined by presence of sciatica) at presentation; time to decompres-
sion (counted from the moment of presentation with CES to first doctor); presence of 
micturition dysfunction, defecation dysfunction, altered sensation of the saddle area, 
sciatica (in case it was specified: bilateral or unilateral) and sexual dysfunction, all both 
at presentation and at two postoperative follow up moments: at discharge from the 
hospital (follow up moment 1, FU 1) and at check up at the outpatient department two 
months after surgery (follow up moment 2, FU 2).
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For the current study, MRI scans of the lumbar spine of the identified CES patients 
were retrieved. MRIs had been performed in the LUMC or referring hospitals (Spaarne 
Gasthuis; Alrijne Hospital; Westfries Gasthuis; Langeland Hospital; Van Weel-Bethesda 
Hospital) following standardized imaging protocols (synchronized for sciatica study 
purposes) and were made at the time of presentation, thus prior to surgery. Retrieved 
MRIs were assessed by an experienced neurosurgeon specialized in spinal diseases, 
blinded for clinical information of the patient (CVL). The following MRI characteristics 
were recorded: 1) level of herniated disc; 2) severity of cauda equina compression (mild, 
moderate, severe) and 3) type of cauda equina compression (unilateral, bilateral). No 
patients with spinal degenerative changes other than herniated disc (e.g. stenosis) were 
included.

Anteroposterior (AP) diameter of the lumbar spinal canal was measured at mid-sagittal 
level at MRI in millimetres to the nearest tenth, for each disc level (L1-L2, L2-L3, L3-L4, 
L4-L5, L5-S1) and each mid-vertebral level (L1, L2, L3, L4, L5). The AP diameter at disc 
level was measured by drawing a line between the posterior border of the discus and 
the ligamentum flavum at the midline; for each mid-vertebral level, a line was drawn 
between the posterior border of the mid-vertebra and the ligamentum flavum. Levels 
with herniated disc were not measured. AP measurements were only done in MRI scans 
that were digitally available to maintain high levels of accuracy. For comparison of AP 
diameters, the AP diameters of a group of lumbar herniated disc patients without CES, 
operated in the same center because of sciatica, were also measured at MRI.

Statistical analysis

Analyses were done in SPSS Statistics 23.0 (SPSS Inc., Chicago, IL, USA). Patient charac-
teristics were analyzed using frequencies. Investigating proportions between unpaired 
groups of categorical data was done with Chi Square test. Comparison of measurements 
of the spinal canal between CES patients and lumbar herniated disc patients with sci-
atica and without CES was done with Mann-Whitney U test. To evaluate the effect of MRI 
features on clinical presentation and outcome, binary logistic regression models were 
built, with MRI features as independent variables (severity of cauda equina compression; 
type of cauda equina compression i.e. unilateral or bilateral; level of disc lesion) and 
clinical features as dependent variable. Since there were 4 clinical features (presence 
of micturition dysfunction, defecation dysfunction, altered sensation of the saddle 
area and sciatica) measured at 3 different moments (at presentation, FU 1 and FU 2), 
12 models were created. To correct for possible confounding, the following covariables 
were added: gender; age at surgery; duration of CES complaints at presentation; dura-
tion of complaints of herniated disc at presentation. Two extra covariables were added 
to the models evaluating clinical features at FU 1 and FU 2: 1) time to decompression 
and 2) the evaluated clinical feature at presentation (since dysfunction at presentation 
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is correlated with dysfunction at the next follow up moment). Because of anticipated 
scarce data on sexual dysfunction, sexual dysfunction was not included in nor analyzed 
by any regression model. In case of quasi-complete separation of data, the concerning 
variable was not included in the regression model to maintain high quality analysis. 
Prior to running regression models, missing values of the following parameters were 
handled by multiple imputation with five imputation sets: duration of CES complaints 
at presentation; duration of sciatica at presentation; time to decompression; defecation 
dysfunction at presentation, at FU 1 and at FU 2; micturition dysfunction at FU 1 and 
at FU 2; altered sensation of the saddle area at FU 1 and at FU 2; sciatica at FU 1 and at 
FU 2. Some numerical data were grouped for analyses, e.g. time to decompression was 
stratified into six groups: <12 hours, 13-24 hours, 25-36 hours; 37-48 hours; 49-72 hours; 
>72 hours. Two-sided p-values<0.05 were considered statistically significant.

Results 

Due to MRIs that were not available in the archives of LUMC, 27 out of 75 CES patients 
were excluded. This resulted in a total of 48 included CES patients (Table 1) for whom 
MRIs were assessed (Table 2).

Table 1  Characteristics of CES patients at presentation (n=48)� n

Male gender 22 (45.8%)

Mean age in years 42.9 (SD 10.5)

Median duration of complaints of herniated disc in days* 29 (range 1-1095)

Median duration of complaints of CES in hours** 48 (range 1-720)

Micturition dysfunction 42 (87.5%)

Altered sensation of the saddle area 44 (91.7%)

Sciatica 48 (100%)

Unilateral 24

Bilateral 22

Not specified 2 

Defecation dysfunction*** 28 (70.0%)

Sexual dysfunction**** 13 (92.9%)

* available for n=46
** available for n=44
*** available for n=40
**** available for n=14
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All 48 patients had been surgically decompressed by open discectomy. Timing to 
decompression was available for 45 patients and was most commonly within 24 hours 
(n=23) and between 24 to 48 hours (n=14). Three patients were decompressed after 48 
hours, but within 72 hours. Five patients underwent decompressive surgery more than 
72 hours after presentation to the first doctor with time to decompression of 96 hours 
(n=2), 120 hours (n=1), 138 hours (n=1) and 216 hours (n=1). Delay was caused by both 
patient and doctor. Surgery was performed within 24 hours (n=3) and within 48 hours 
(n=2) after first presentation to the neurosurgeon. Follow up moments took place at 
two intervals: first follow up moment (FU 1) had a median of 48 hours postoperatively 
(range 8-336 hours), second follow up moment (FU 2, available for n=34) demonstrated 
a median of 56 days (4-300 days).

Association between MRI features and clinical presentation

Thirty-seven patients CES (82%) displayed bilateral compression of the cauda equina 
at MRI, of whom 19 (51%) indicated that their sciatica was unilateral. There was no cor-
relation between MRI and history of the patient for location of sciatica (p=0.631). MRI 
features (severity of cauda equina compression; type of cauda equina compression i.e. 
unilateral or bilateral; level of disc lesion) were not associated with absence or presence 
of any of the clinical features (thus micturition dysfunction, defecation dysfunction, 
altered sensation of the saddle area or sciatica).

A trend was seen for defecation dysfunction at presentation with the covariable 
gender, albeit not significant (p=0.061): women more often suffered from defecation 
dysfunction at presentation.

Table 2  MRI characteristics at presentation (n=48)� n (%)

Level of lesion*

L2-L3 2 (4.1)

L3-L4 4 (8.2)

L4-L5 19 (38.8)

L5-S1 24 (49.0)

 Severity of cauda equina compression**

Mild 10 (22.2)

Moderate 22 (48.9)

Severe 13 (28.9)

Type of cauda equina compression**

Unilateral 8 (17.8)

Bilateral 37 (82.2)

*total level of lesions adds up to 49, since one patient had two lesions: at L4-L5 and at L5-S1
**available for n=45
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NB the MRI feature ‘type of compression’ (i.e. uni- or bilateral) was removed from the 
models evaluating micturition at presentation and at FU 1 and altered sensation of 
the saddle area at FU 2 due to quasi-complete separation (almost all patients without 
micturition dysfunction had bilateral compression, and almost all patients with altered 
sensation of the saddle area had unilateral compression). The model evaluating effects 
of MRI on sciatica at presentation was not run due to separation of data (all patients 
suffered from sciatica at presentation).

Association between MRI features and clinical outcome

MRI features were not demonstrated to be associated with outcome of micturition, 
defecation, sciatica or altered sensation of the saddle area. The covariable time to 
decompression was correlated with sciatica at FU 1: a shorter FU time correlated with 
more sciatica at FU 1 (p=0.043); this correlation disappeared at FU 2. NB the covariables 
sciatica and altered sensation of the saddle area at presentation were removed from the 
models evaluating clinical outcome of those functions due to quasi-complete separa-
tion (features were present in (almost) all patients at presentation).

Anteroposterior (AP) diameter of the lumbar spinal canal in CES

For 26 CES patients, MRI scans were digitally available and used to measure the AP 
diameter of the lumbar spinal canal. For comparison, AP diameters of 31 lumbar her-
niated disc patients without CES, operated because of sciatica, were also measured. 
Patient characteristics known to possibly influence spinal canal size (age, gender) were 
compared between groups (CES patients with AP measurements; CES patients without 
AP measurements; lumbar herniated disc patients without CES operated because of 
sciatica) and were non-significant (Table 3). The results of the measurements however, 
did differ: CES patients displayed a statistically significant smaller lumbar spinal canal 
diameter at all levels, both disc levels as well as mid-vertebral levels compared to sciatica 
patients without CES (largest p=0.002; Table 4 and Figures 1-10).

Table 3  Baseline characteristics of CES patients versus sciatica patients

CES patients without 
measurements n=22

CES patients with 
measurements n=26

Sciatica patients 
n=31 p -value

Male gender (%) 8 (36.4) 14 (53.8) 12 (38.7) 0.396

Mean age in years (SD) 42.3 years (11.2) 43.4 years (10.1) 41.1 (10.6) 0.836
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Table 4  Measurements of the spinal canal. The mean sagittal diameter of the spinal canal, measured in 
millimetres to the nearest tenth. Compared between CES patients and herniated disc patients without CES, 
operated because of sciatica.

CES patients (n=26) Sciatica patients (n=31)
p-value

Missing* Mean ±SD Min-max Missing** Mean ±SD Min-max

L1 0 14.06±1.99 10.0-18.0 0 16.10±1.40 14.0-18.0 <0.001

L1-L2 0 12.92±3.19 6.0-20.0 0 15.58±1.52 12.0-18.0 <0.001

L2 0 12.90±2.60 7.0-18.0 0 15.26±1.37 13.0-18.0 <0.001

L2-L3 1 11.88±2.40 6.0-16.0 0 14.55±1.77 11.0-18.0 <0.001

L3 0 11.54±2.16 7.0-16.0 0 14.32±1.72 11.0-17.0 <0.001

L3-L4 3 10.91±2.01 6.0-15.0 1 13.23±1.63 10.0-16.0 <0.001

L4 0 10.58±2.02 7.5-14.0 0 14.13±1.77 11.0-18.0 <0.001

L4-L5 8 10.06±2.30 5.0-14.0 11 12.75±2.51 9.0-20.0 0.002

L5 2 9.94±1.60 7.0-14.0 0 13.87±2.17 10.0-20.0 <0.001

L5-S1 15 9.09±2.35 5.5-14.0 22 15.56±2.40 12.0-20.0 <0.001

*not measured due to herniated disc (n=27, 1 patient had a double lesion); quality too poor at specific level for 
measurement (n=2, at L5)
**not measured due to herniated disc (n=33); quality too poor at specific level for measurement (n=1, at L5-S1)
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Figure 2  Distribution of the sagittal diameter of the spinal canal at L1-L2
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Figure 3  Distribution of the sagittal diameter of the spinal canal at L2
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Figure 4  Distribution of the sagittal diameter of the spinal canal at L2-L3
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Figure 5  Distribution of the sagittal diameter of the spinal canal at L3
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Figure 6  Distribution of the sagittal diameter of the spinal canal at L3-L4
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Figure 8  Distribution of the sagittal diameter of the spinal canal at L4-L5
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Figure 9  Distribution of the sagittal diameter of the spinal canal at L5
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To compare the measured AP diameters of the CES patients and the sciatica patients 
with standardized spinal canal diameters reported in literature, studies with a norma-
tive distribution of the AP diameter of the lumbar spinal canal, measured at MRI, were 
searched. Some identified studies were not suitable for this comparison since the mea-
sured population was biased (e.g. patients referred for low-back pain),16,17 because the 
study lacked an exact definition of the subjects for which measurements were taken18 
or because no measurements were available at disc level.19 The study of Chatha et al. 
seemed most appropriate for comparison.20 It describes measurements of the spinal 
canal in 100 British, symptom-free patients (mean 62 years), who were referred for MRI 
to screen for presence of metastatic disease without subsequently having evidence of 
spinal tumours at the concerning MRI. Even though the study of Chatha et al. is subject 
to selection bias, the sample size is rather large and patients are quite comparable to 
the patients in the current study with regard to age, and, in addition, probably quite 
comparable in terms of race (predominantly Caucasian). In addition, it reports spinal 
canal size both at intervertebral and disc level, in contrast to aforementioned studies.

In order to compare the findings of the current study with the measurements reported 
by Chatha et al., the average AP spinal canal diameter reported by Chatha et al. was 
taken as a cut off value. For both the CES patients and the lumbar herniated disc patients 
without CES, operated because of sciatica, the proportion below the cut off value was 
indicated (Table 5).
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Discussion

As a major finding, this study clearly demonstrates that patients with CES due to lumbar 
herniated disc have a significant smaller AP lumbar spinal canal diameter than patients 
with lumbar herniated disc without CES (operated because of sciatica), applying to all 
mid-vertebral as well as disc levels. No associations between MRI features and clinical 
presentation or outcome of CES were identified. Even though the presented cohort is 
limited, these results may contribute to a beginning of understanding the etiology of 
CES in herniated disc patients. In addition, the first finding might have potential implica-
tions for the selection of lumbar herniated disc patients for decompressive surgery.  

Relation to literature

Spinal canal size of CES patients has not been studied before, however, studies about 
spinal canal size in patients with other spinal diseases are available: Haig et al. for ex-
ample, compared patients with low back pain, sciatica and lumbar spinal stenosis with 
controls, concluding that there is no significant difference between patients and healthy 
subjects with regard to spinal canal measurements.21

No associations between MRI and clinical features at presentation or outcome of CES 
were identified in this study. Since this is the first study to evaluate this correlation, no 
references are available to state these results. Similar studies have been performed for 
other spinal diseases such as sciatica15 or lumbar spinal stenosis,14,22-24 displaying no cor-
relation between imaging and clinical features, being in line with the current study. The 
suggestion that other factors than the spinal canal size alone - such as local neurovascu-

Table 5  Proportion with smaller than average diameter. The average sagittal diameters that are used as cut 
off values are the ones reported by Chatha et al.20*

% CES patients (n=26) % Sciatica patients (n=31) p- value

L1 53.8 16.1 0.003

L1-L2 84.6 54.8 0.016

L2 50.0 12.9 0.002

L2-L3 96.2 64.5 0.004

L3 65.4 16.1 <0.001

L3-L4 84.6 51.6 0.001

L4 80.8 19.4 <0.001

L4-L5 61.5 35.5 0.021

L5 88.5 32.3 <0.001

L5-S1 38.5 29.0 <0.001

*cut off values (in mm): L1<14.1; L1-L2<15.6; L2<13.2; L2-L3<15.1; L3<12.6; L3-L4<13.8; L4<12.4; L4-5<12.9; 
L5<12.4; L5-S1<11.6
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lar problems, venous obstruction or effect of local inflammatory cytokines – contribute 
to differences in clinical manifestation of CES, seems sensible.21

A non-significant trend was seen between the covariable gender and defecation 
dysfunction at presentation, namely: female gender was associated with more defeca-
tion dysfunction at presentation (non-significant: p=0.061). This finding correlates with 
current literature stating that e.g. constipation is more common in women than in men, 
in both CES population as well as in the general population.25,26

The covariable time to decompression was correlated with sciatica at FU 1: a shorter 
time to decompression was associated with more sciatica (p=0.0043), which correlation 
was not demonstrated for FU 2. This finding does not refute the beneficial effects of early 
decompression which was demonstrated by others,5,12,13,27-30 but rather indicates a corre-
lation between factors indicating a worse prognosis and shorter time to decompression 
(guided by clinical decision making), such as acute compression of the cauda equina, 
which is believed to have a worse prognosis than a more gradual compression.27,31

Implications

If there truly is a difference in lumbar spinal canal size between lumbar herniated disc 
patients with CES and lumbar herniated disc patients without CES, operated because of 
sciatica, this might imply that sciatica patients with a small lumbar canal may need to be 
approached differently in managing complaints. Since this is the only study presently 
available that evaluated this correlation – and since the setting was retrospective – fur-
ther prospective research should be conducted before clinical consequences are con-
sidered and changes of guidelines are obligatory. A prospective follow up study among 
sciatica patients would be suitable - measuring the AP diameters at MRI at presentation 
and ensuring adequate follow up - and permits to correlate the incidence of CES with 
documented spinal canal size and other MRI features. In case of development of CES, 
clinical signs and symptoms should be recorded and adequate long term postoperative 
follow up should take place to evaluate the predictive value of MRI characteristics.

MRI and clinical features were not found to be correlated in the current study. Even 
though this study has a rather large study population when compared to other CES 
studies, the limited number of included patients might have caused an inability to 
detect significant correlations between MRI and clinical features. Aforementioned study 
proposal with a substantially large cohort and prospective design should be able to give 
more insights into the predicting value of imaging features in CES patients.

Limitations

The retrospective design of this study introduces information bias, e.g. complaints 
might be reported in the file differently than they were meant by the patient, notes are 
interpreted differently by the researcher than the clinician originally meant, or notes 
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are simply missing. It is impossible to eradicate this bias completely in the current study 
design, however, the authors believe bias was minimized by careful assessment of medi-
cal notes. Multiple imputation was used to deal with missing values, which was believed 
to be non-problematic due to the assumption of missing at random. The alternative to 
multiple imputation would be a complete case analysis, which was believed to be more 
prone to bias.32

Potential selection bias is introduced with regard to 1) the included CES patients and 
2) the samples of CES and sciatica patients for which AP diameter were measured. Firstly, 
the inclusion criteria of this study correspond to the most used definition of CES. Indeed 
the broadness of this definition naturally introduces heterogeneity within the studied 
population. However, this heterogeneity is inherent to CES and is exemplified by the 
diversity of clinical manifestations. Division into different groups to create more homo-
geneity per group (by for example using the groups of Tandon and Shankaran33 or by the 
groups CES-R and CES-I2) could be interesting in case of a larger cohort, preferably with 
prospective design. Dealing with the current cohort size and retrospective study design 
however, substantial risk of improper grouping and thus low quality analysis lures when 
dividing included patients into different groups.

Secondly, as was demonstrated in the Results section, CES patients for whom AP 
diameters were taken form a representative sample of the complete CES cohort and are 
also similar to the sampled sciatica patients without CES in terms of age and gender, 
parameters known to influence measurements.14,34,35 Height was not available retrospec-
tively and therefore not included; however, this parameter was described previously as 
a possible influencer of spinal canal measurements.36 Therefore, height as a confounder  
cannot be completely eradicated in the current study.

All presented CES and sciatica patients were operated in LUMC. Since LUMC is the 
appointed centre for CES surgery, some CES patients originated from referring centres 
(e.g. Alrijne Hospital, Spaarne Hospital). Because the referring centres do not refer un-
complicated sciatica patients to LUMC, the sciatica patients operated in LUMC either 
originate from LUMC or were referred due to anticipated high-complex surgery. This 
is a potential source of bias. However, since high-complex surgery in sciatica patients 
is often due to an anticipated small spinal canal, it is unlikely that inclusion of merely 
LUMC sciatica patients has led to a larger spinal canal size difference between sciatica 
and CES patients (e.g., the spinal canal diameters of those LUMC sciatica patients are 
more likely to be smaller than average than larger).

In this study, no information about degree of decompression is available (i.e. no 
evaluation of MRI scans was done postoperatively). This could introduce some bias 
in correlating outcome with the MRI features at presentation: in case decompression 
was less successful, certainly, more complaints will persist at follow up, which might be 
not related to the initial MRI features at presentation. However, since all patients were 
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decompressed by similar technique, variations in decompression were expected to be 
minimal.

This study used mid-sagittal AP diameter as indicator of spinal canal size instead of 
area measurements. AP diameter is proven to be well correlated with area measure-
ments37 and is currently the measurement most often used in studies relating to spinal 
canal size. The authors thus believe AP diameter to be a reliable indicator of spinal canal 
size. The quite recently introduced “reduced interlaminar angle” was proven to be a 
relevant measurement in the stenotic population in particular, however, was seen as 
less relevant in the current study population.38

Conclusion

There is a difference in lumbar spinal canal size between operated lumbar herniated disc 
patients with CES and lumbar herniated disc patient without CES, operated because of 
sciatica. No other MRI characteristics as predictors for presentation or outcome of CES 
are identified. This finding might imply that sciatica patients with a relative small spinal 
canal might need to be approached differently in managing complaints of herniated 
disc, to prevent progression to CES. This hypothesis has to be tested in future studies. 
Since the current study was retrospective and the number of studied patients relatively 
small, further prospective research should be conducted before clinical consequences 
and guideline changes are considered.
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