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Background: Patients with a lumbar disc herniation (LDH) without high-grade neurological deficit 
(PWN) are usually treated non-operatively. If non-operative treatment is not successful, a postponed surgical 
treatment is performed. Postponed surgery is reported to show later improvement of pain and health-related 
quality of life and later return to work than early surgery. There are presently no objective parameters to 
predict if non-operative treatment may be successful in PWN, or if an early surgical treatment could be 
performed.
Methods: To analyze if high-grade spinal canal stenosis lead to a higher rate of surgical treatment in 
PWN, we conducted a retrospective single-center cohort study and included PWN with acute onset of 
severe radicular pain (VAS ≥8). We excluded patients with workers’ compensation involvement, chronic 
pain syndrome, motor deficit <3/5, malignancy and history of prior spinal surgery. All patients were initially 
treated by the same standardized non-operative treatment. It was monitored if patients eventually choose 
an operative treatment or not. After a power analysis (aiming at >0.8), 1,053 consecutive patients (02.2008 
to 12.2017) were identified by diagnostic code. One hundred and eight patients were enrolled in our 
investigation. Thirty-nine patients were treated non-operatively (Group 1), 69 were treated by operation 
(Group 2).
Results: Percent (%) spinal canal compromise based on cross-sectional area of LDH was 26.3% in Group 1, 
33.7% in Group 2. The difference was significant (P<0.025).
Conclusions: The investigated group of PWN had a significantly higher probability to need surgical 
treatment if they had a high-grade stenosis of the spinal canal. However, these results do not constitute a 
general indication for surgical treatment of PWN. The results of this study merely provide information 
for patients, and spine specialists, to be implemented in an individual decision-process that leads to a 
recommendation for type of treatment.
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Introduction

Lumbar disc herniations (LDHs) are mostly treated non-
operatively. Indications for immediate surgery are cauda 
equina syndrome and progressive or high-grade motor 
deficit. Patients with a LDH without indication for 
immediate surgical treatment (PWN) and unsuccessful 
conservative treatment receive postponed surgical treatment 
(1-4). Postponed surgery is reported to lead to significant 
later return to work and later improvement of radicular pain 
and health-related quality of life than early surgery (1,2,4).

There are currently no objective parameters in the 
literature that may help to determine if non-operative 
treatment in PWN will be successful or if they will 
eventually be treated surgically. If those patients who 
will eventually need surgery could be distinguished from 
those who will not need surgery, they could be offered 
an early surgical intervention and benefit from faster 
recovery, earlier return to work and shorter duration of 
administration of pain medication.

Identifying these patients by imaging has been shown to 
be difficult: imaging of the lumbar spine did not show any 
correlation with clinical symptoms in several reports (5-7).

However, there are some investigations that report 
that morphology and size of LDH may have an impact 
on clinical symptoms: Thelander et al. (8) reported a 
correlation of size of LDH with radicular pain. Carragee 
et al. (9) reported a correlation of size of LDH and size of 
spinal canal with presence of radicular pain and time of pain 
before a MRI scan was conducted: patients with a larger 
size of LDH had a shorter duration of symptoms before the 
MRI, i.e., received a MRI earlier after onset of symptoms. 
Carlisle et al. (10) reported a positive correlation of volume 
of LDH with probability to receive operative treatment.

Nevertheless, there is still no data on impact of 
morphologic parameters of LDH on probability to be 
operated for PWI. Carlisle et al. (10) and Carregee et al. (9) 
compared all patients with LDH who received surgery to 
patients who were treated non-operatively. Patients with 
an indication for immediate surgery (e.g., cauda equina 
syndrome or high-grade motor deficit) were included in 
these investigations. Thelander et al. (8) reported exclusively 
on patients that have not been operated. Carragee et al. (9) 
did not exclude patients with chronical pain syndrome and 
did not differentiate between acute or chronical pain. Thus, 
these studies provide very important data for patients with 
LDH in general, but data of PWI with regard to probability 
of operative treatment are obscured in these results.

A grading system of nerve root compromise by LDH 
was established by Pfirrmann et al. (11) (shifted, deviated or 
compressed). However, the influence of grade of nerve root 
compromise on the success of conservative treatment of 
PWI has yet not been investigated.

Methods

We retrospectively included patients with radicular pain or 
neurologic deficit that matched the affected level and side 
in the patient’s MRI, acute onset of pain (less than 6 weeks 
before admission to our institution) and in whom a MRI was 
performed after onset of the pain that led to the admission 
to our institution from 02.2008 to 12.2017 in a single-
center study. All patients received the same intravenous pain 
medication according to step 3 of the WHO pain ladder. 
Patients who showed improvement of their pain (VAS <8) 
were not given inpatient treatment and were excluded.

We also excluded patients younger than 18 or older 
than 65 years, with a neurological deficit <3/5 according to 
Janda, with workers’ compensation involvement, chronic 
pain syndrome, with a spinal deformity, malignancy, history 
of prior spinal surgery, currently treated by effective 
anticoagulation and patients with other contraindications 
for surgical treatment because of medical conditions.

Power analysis was based on data of previous studies on 
volume of LDH (8,10) and showed that at least 35 patients 
were needed in each group to reach a high statistical power 
(>0.8). We identified 1,053 consecutive patients who 
received inpatient treatment of a LDH in our institution 
from 02.2008 to 12.2017 by diagnostic code. After applying 
inclusion and exclusion criteria we enrolled 108 patients 
in our analysis. Thirty-nine patients were treated non-
operatively (Group 1), 69 were treated by operation (Group 
2) (Figure 1).

All included patients were treated non-operatively 
by the same protocol: they received the same dosage of 
intravenous analgesics (tramadol and metamizole) and the 
same type and frequency of physiotherapy (45 minutes per 
day). All patients were informed that they could choose 
between non-operative and operative treatment and were 
advised that non-operative treatment was recommended by 
the same team of spine specialists (>10 years of experience) 
lead by the senior author. We monitored if conversion to 
operative treatment was chosen by the patients or not for 6 
weeks after admission to our institution. Patients who were 
not operated were allocated in Group 1, patients who were 
treated surgically were allocated in Group 2.
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We recorded demographic data of patients, date of onset 
of pain, location and self-reported intensity (by VAS) of 
pain, neurological deficits, date of operation (if patients 
were operated), time of hospital stay and date of patients’ 
MRI after onset of pain.

The following data were recorded from the patients’ MRI’s

Cross sectional size of spinal canal and of LDH, location of 
LDH and grading of nerve root compromise (11) (touched, 
deviated or compressed). Measurements of spinal canal and 
LDH were performed according to Carragee et al. (9) and 
Thelander et al. (8) by an investigator that was not involved 
in the treatment of the patients.

Our hypothesis was that patients who eventually chose 
operative treatment would have more compression of the 
affected spinal nerve root and higher percentages of spinal 
canal stenosis than patients who were not treated by an 

operation.

Statistical analysis

Statistical Analysis was performed by SPSS 25 (© IBM, 
Armonk, USA). Descriptive Data are given as mean and 
standard error of mean. We tested all continuous variables 
for normal distribution by Kolmogorov-Smirnov tests.

Since volume of LDH did not show normal distribution, 
a one-sided Man-Whitney U Test (test number 1) was 
applied to compare percent (%) spinal canal compromise 
based on cross-sectional area of LDH of operated and not-
operated patients.

We performed further statistical testing to establish a 
simple grading tool

We divided degree of spinal canal stenosis into three 

Figure 1 Flow diagram of recruitment and enrollment of subjects. LDH, lumbar disc herniation.

Group 1: no surgery

39 pts

Group 2: surgery

69 pts

Cohort:

108 pts

Inpatient treatment

1,053 pts

Outpatient treatment not successful (WHO pain ladder step 3)

Patients with LDH

Inclusion and exclusion criteria

i.v. analgesics + physiotherapy

Patient’s choice of treatment:

LDH volume 26.3% of spinal canal LDH volume 33.7% of spinal canal
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groups: (I) stenosis 0–10%, (II) stenosis 11–50% and (III) 
stenosis of more than 50% (Figure 2). This grading system 
was tested by a Chi-Square test (test number 2). To adjust 
for multiple testing, Bonferroni adjustment was applied. 
The adjusted significance level for tests number 1 and 2 was 
P<0.025.

Effect of LDH on nerve root (Figure 3) (test number 3) 
was analyzed by another Chi-Square test. A significance 
level of P<0.05 was determined.

Power analysis was performed by G-Power (12,13).
This study was approved by the local ethics committee 

(registry number 5503) and was conducted according to the 
revised declaration of Helsinki.

No funding was received.

Results

Mean age of all patients was 43.9 (1.1) years, 43.41 (1.9) 
in Group 1, 44.1 (1.3) in Group 2. Hospital stay was 9.8 
(0.5) days for all patients, 7.4 (0.6) days in Group 1, and 
11.1 (0.6) days in Group 2. Grade of motor deficit did not 
change during conservative treatment and was 3.5 (0.1) 
for all patients, 3.7 (0.1) in Group 1, 3.4 (0.1) in Group 2. 
BMI was 26.3 (0.5) for all patients, 25.5 (0.6) in Group 1, 
26.8 (0.6) in Group 2. Apart from hospital stay (P<0.05), 
all other parameters did not show a difference that was 
significant between Group 1 and 2 (P>0.05). Days of 
conservative treatment before surgery was 5.8 (0.5) days. 
Further descriptive data are given in Tables 1-3.

Percent (%) spinal canal compromise based on cross-
sectional area of LDH was 30.9% (1.5%) for all patients, 
26.3% (2.1%) in Group 1, 33.7% (2.0%) in Group 2. The 
difference was significant (P<0.025) with a high statistical 

Figure 2 (A) Axial plane of a MRI (t2-sequence) of a lumbar spine. 
Spinal canal stenosis Grade 2: long arrow points at LDH, short 
arrow points at unaffected spinal canal; (B) axial plane of a MRI 
(t2-sequence) of a lumbar spine. Spinal canal stenosis Grade 4: 
long arrow points at LDH, short arrow points at unaffected spinal 
canal. LDH, lumbar disc herniation.

Figure 3 (A) Axial plane of a MRI (t2-sequence) of a lumbar spine. Nerve root affection Grade 2: long arrow points at nerve root, short 
arrow points at LDH; (B) axial plane of a MRI (t2-sequence) of a lumbar spine. Nerve root affection Grade 3: long arrow points at nerve 
root, short arrow points at LDH; (C) axial plane of a MRI (t2-sequence) of a lumbar spine. Nerve root affection Grade 2: short arrow points 
at LDH, nerve root cannot be differentiated from herniation. LDH, lumbar disc herniation.
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power (>80%).
Degree of spinal canal stenosis [(I) stenosis 0–10%, (II) 

stenosis 11–50% and (III) stenosis of more than 50%] (Table 
4) showed a difference that was significant between Group 
1 (no surgery) and Group 2 (surgery) (P<0.025) with a 
medium effect size (0.3).

Grade of nerve root compromise (11) (Figure 3) did not 
show a difference that was significant between Group 1 and 
2 (P>0.05) with a low effect size (0.1) (Table 5).

Discussion

This is the first study that investigates impact of size of 
LDH on treatment of patients without severe neurological 
deficit and without chronical low back pain.

Former investigations reported that size of LDH has 
a significant impact on outcome of treatment. Larger 
LDH are reported to show better outcome after surgical 
treatment and worse outcome after conservative treatment 
than smaller LDH (10). Early surgical treatment is reported 

to show significant better results with regard to time to 
return to work and improvement of health-related quality 
of life than postponed surgical treatment (1,2,4).

In our cohort, PWI who had a Grade 3 (Figure 2) spinal 
canal stenosis i.e., a larger LDH had a significantly higher 
probability of being treated by operation than other PWI.

Combined, these data indicate that surgery for PWI with 
high-grade (>50%) spinal canal stenosis may benefit from 
an early surgical treatment.

However, the weaknesses of this investigation do not 
allow a general recommendation to perform surgical 
treatment in all these cases: type of treatment in PWN is 
influenced by multiple factors including psychological and 
social variables, type of non-operative treatment and by the 
individual health care professionals. 

We aimed to control these factors by our inclusion 
and exclusion criteria, but we could not avert all biases: 
psychosocial factors are reported to have significant impact 
on outcome and type of treatment (10), which is why we 
excluded patients with workers’ compensation involvement 
and chronical pain syndrome. Nevertheless, exclusion of all, 
especially more subtle, psychosocial factors is not possible 
and may have led to a bias in our investigation since type of 
treatment has always been chosen by the patient, and not by 
the spine surgeon.

Non-operative treatment was performed by a standardized 
protocol and all patients were equally advised by the same 
team that non-operative treatment was recommended. 
However, patients’ decision for type of treatment may have 
been influenced by the other health care professionals that 
were involved (physiotherapists and nurses).

We did not investigate long-term outcome of our 
patients since rate of additional or recurrent LDH after 
initial LDH is reported to be up to 25% and symptoms 
of a “second” LDH are often not to tell apart from “first” 
LDH (14-16). Analysis of patients with duration of pain 
for more than six weeks before admission to our institution 
or a longer follow up after onset of pain might cause a bias 
because of possible chronification of symptoms. Longer 
follow up might also lead to a bias by a non-detected 
additional LDH.

Long-term results of surgical versus non-surgical 
treatment are already reported in other studies: analyses of 
long-term results are still not conclusive, mostly because of 
substantial patient crossover between treatment groups (1,3), 
but Lurie et al. (2) still concluded that “careful selected 
patients” would benefit from surgical treatment.

Table 1 Level of LDH

Level All, n (%) Group 1, n (%) Group 2, n (%)

L2/3 3 (2.8) 0 3 (4.3)

L3/4 12 (11.1) 7 (17.9) 5 (7.2)

L4/5 47 (43.5) 20 (51.3) 27 (39.1)

L5/S1 44 (40.7) 11 (28.2) 33 (47.8)

L5/L6 2 (1.9) 1 (2.6) 1 (1.4)

Group 1: no surgery; Group 2: surgery. LDH, lumbar disc 
herniation.

Table 2 CTF type of LDH

CTF type All, n (%) Group 1, n (%) Group 2, n (%)

Protrusion 10 (9.3) 8 (20.5) 2 (2.9)

Extrusion 42 (38.9) 17 (43.6) 25 (36.2)

Herniation 56 (51.9) 14 (35.9) 42 (60.9)

Group 1: no surgery; Group 2: surgery. CTF, combined task 
force; LDH, lumbar disc herniation.

Table 3 Sex

Sex All, n (%) Group 1, n (%) Group 2, n (%)

Female 50 (46.3) 14 (35.9) 36 (52.2)

Male 58 (53.7) 25 (64.1) 33 (47.8)

Group 1: no surgery; Group 2: surgery.
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A higher number of patients have been treated surgically 
[77] than conservatively [42]. This may be due to the 
preselection of patients: Only patients with severe pain (VAS 
≥8) that persisted in spite of administration of intravenous 
pain medication according to step 3 of the WHO pain 
ladder were included in this investigation. All other patients 
(successfully treated by WHO steps 1 or 2) are usually not 
treated surgically.

Degree of nerve root compromise showed no impact on 
type of treatment in PWN.

The statistical power of the analysis of size of LDH with 
regard to choice of treatment was high, but the power of 
the analysis of impact of grade of compromise of nerve root 
was low and has to be interpreted under the light of this low 
statistical power.

On the one hand the careful selection of patients we 
performed is an advantage of this investigation, but on the 
other hand it also is a weakness since these results cannot 
be applied on all patients with a LDH but only for PWN 
and acute onset of pain without deformities or other spinal 
disorders and without psychosocial disorders.

It is not valid to derive a general recommendation for 
surgical treatment if PWN present with a high-grade 
stenosis of the spinal canal. Every single patient has to be 
evaluated and advised individually. However, the results 
of this study may be of value for explanatory discussions 
with PWN who have to decide which kind of treatment, 
operative or non-operative, they prefer.

Conclusions

Patients with a LDH without an indication for immediate 
surgical treatment had a significantly higher probability to 
need surgical treatment if they had a high-grade stenosis of 
the spinal canal by the LDH.

However, a high-grade stenosis of the spinal canal 
in PWI does not constitute a general indication for 
surgical treatment. The results of this study merely 
provide information for patients, and spine specialists, 
to be implemented in a decision-process that leads to an 
individual recommendation for type of treatment.
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Table 4 Degree of SCS

Degree of SCS by LDH Treatment

Degree Type of stenosis Group 1, n (%) Group 2, n (%)

1 No stenosis 0–10% 16 (41.0) 11 (15.9)

2 Stenosis 11–50% 20 (51.3) 44 (63.8)

3 Stenosis >50% 3 (7.7) 14 (20.3)

Group 1: no surgery; Group 2: surgery. SCS, spinal canal stenosis; LDH, lumbar disc herniation.

Table 5 Nerve root compromise (11)

Degree of nerve root compromise
All, n (%) Group 1, n (%) Group 2, n (%)

Degree Type of nerve root compromise

0 Not touched 3 (2.8) 3 (7.7) 0

1 Touched 47 (43.5) 18 (46.2) 29 (42.0)

2 Deviated 35 (32.4) 12 (30.8) 23 (33.3)

3 Compressed 23 (21.3) 6 (15.4) 17 (24.6)

Group 1: no surgery; Group 2: surgery.
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to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. This study was 
approved by the local ethics committee (registry number 
5503) and was conducted according to the revised 
declaration of Helsinki.
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