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Objective: While it has been established that surgery for lumbar disc herniation, excluding 
emergent indications, should only be performed after weeks of conservative treatment, it 
has also been established that late surgery is associated with poorer outscomes in terms of 
leg pain. However, nothing is known concerning the timinig and functional outcome. We 
quantify the association of time to surgery (TTS) with functional impairment outcome and 
identify a maximum TTS cutoff.
Methods: A consecutive series of patients who underwent tubular microdiscectomy for 
lumbar disc herniation was included. A reduction of ≥ 30% in the Oswestry Disability In-
dex from baseline to 12 months was defined as the minimum clinically important difference 
(MCID). TTS was defined as time of symptom onset to surgery in weeks. The maximum 
TTS cutoffs were derived both quantitatively by an area under the curve (AUC) analysis, as 
well as qualitatively based on cutoff-specific MCID rates.
Results: Inclusion was met by 372 patients, among which 327 (87.9%) achieved MCID. 
MCID achievement was associated with lower TTS (hazard ratio, 0.725; 95% confidence 
interval, 0.557–0.944; p = 0.014). The optimum maximum TTS based on AUC was 21.5 
weeks. The qualitative analysis showed a continuous drop of MCID rates with increasing 
TTS, with values > 80% until week 14.
Conclusion: Our findings suggest that longer TTS is associated with a poorer patient-re-
ported outcome in terms of functional impairment, and that—depending on the calcula-
tion method and according to the literature—a maximum TTS of between 14 to 22 weeks 
should likely be aimed for.

Keywords: Lumbar disc herniation, Discectomy, Functional impairment, Early surgery, 
Late surgery, Surgical timing

INTRODUCTION

In spine surgery, lumbar disc herniation (LDH) is one of the 
most common indications.1 However, symptomatic LDH is of-
ten not primarily of surgical relevance,2 since the vast majority 
of pain due to LDH can be resolved spontaneously through con-

servative methods.3-8 However, patients suffering from neuro-
logical deficits, such as motor deficits or bladder disturbance, 
or unbearable pain may profit from early lumbar discectomy.9-12 
Additionally, patients with prolonged symptom duration de-
spite conservative treatment might be considered for surgical 
treatment. However, especially for the latter type of patients 
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without emergent surgery indication, arriving at a surgical tim-
ing that is evidence-based remains difficult.13

Several studies have been conducted for the ideal timing in 
lumbar discectomy, however without consensus in their re-
sults.6,13-16 Generally, a minimum waiting time of 6 to 8 weeks 
has been established due to the high probability of spontaneous 
symptom resolution.7,8,13 However, it is still unclear whether a 
longer time to surgery (TTS) also leads to worse outcomes, and 
- if so - whether there is an optimal maximum TTS for favor-
able patient outcomes. The studies generally indicated an asso-
ciation between longer symptom duration and poorer surgical 
outcomes.2,15,16 However, the reports often evaluate pre hoc de-
fined TTS cutoffs, or do not take into account long-term patient-
reported outcome, or are based on retrospective data.2,13,15-19

A recent analysis indicated that delayed surgery is associated 
with a lower probability of improvement in leg pain at 1 year 
postoperatively and that a TTS cutoff of 24 weeks should be 
aimed for to maximize chances of symptomatic improvement.18 
However, this study focused solely on leg pain outcome. In fact, 
little is known on the influence of TTS on patient-reported 
functional impairment outcomes after elective discectomy.15 
Therefore, the aim of this study was to evaluate the impact of 
TTS on functional outcome after lumbar discectomy, as well as 
to evaluate different thresholds to determine the optimal maxi-
mum TTS, up to which the most favorable surgical results can 
be obtained.

MATERIALS AND METHODS

1. Overview
For consistency, the methods correspond to those applied by 

Siccoli et al.18 in their analysis of leg pain outcomes. A prospec-
tive registry of all lumbar spinal procedures carried out at a spe-
cialized spine surgery clinic was queried. We identified all pa-
tients who underwent primary tubular microdiscectomy (tMD) 
for LDH – thus, revisions were excluded for this analysis. All 
patients were operated on by a senior neurosurgeon (MLS) be-
tween December 2010 and January 2018, and all tMD proce-
dures were carried out as described previously.20 Patients with a 
body mass index (BMI) > 33 kg/m2 or with an American Soci-
ety Score of Anesthesiologists (ASA) physical status classifica-
tion > II or > 80 years old were not regularly considered for 
elective surgery due to local insurance policies. Further-on, pa-
tients were only considered for surgery at the earliest 6 weeks 
after symptom onset, except for patients presenting signs of 
cauda equina syndrome, neurological deficits, or suffering from 

unbearable pain under adequate analgesia. No work restrictions 
were set preoperatively.21 Some patients received diagnostic or 
therapeutic nerve blocks to bridge TTS. We also only consid-
ered patients with complete baseline and 12-month patient-re-
ported outcome measure (PROM) record, and with complete 
TTS data for inclusion. Lastly, patients who had undergone pri-
or lumbar discectomy were excluded.

2. Ethical Considerations
The prospective registry has been approved by the local Insti-

tutional Review Board (Medical Research Ethics Committees 
United, Registration Number W16.065), and this study was 
conducted according to the 2013 Declaration of Helsinki. All 
patients in this study provided written informed consent. The 
STROBE (Strengthening the Reporting of Observational Stud-
ies in Epidemiology) statement was applied.22

3. Data Collection
Every patient included in the study completed a standardized 

questionnaire containing the Numeric Rating Scale (NRS) for 
leg and back pain, as well as a validated Dutch version of the 
Oswestry Disability Index (ODI) as a measure of functional 
disability. Our primary endpoint was defined as the ODI at 12 
mon ths. At 6 weeks and 12 months after surgery, scheduled fol-
low-up questionnaires were automatically sent to the patients 
via e-mail, and completed in the same fashion.23 Additionally, 
complications and reoperations were tracked and noted in a 
separate database.

4. Outcome Measures
TTS was defined as the time range from first leg pain symp-

toms due to radiculopathy to surgery. It was obtained by addi-
tion of patient-reported pain history in weeks at the initial visit 
and the time lapse between the initial visit and the operation. 
Months were converted to 4 weeks, and the obtained values were 
rounded to full weeks.18

5. Statistical Analysis
Continuous data are given as mean± standard deviation or 

median (interquartile range [IQR]), and categorical data as num-
bers and percentages. Clinical success was defined as achieve-
ment of the minimum clinically important difference (MCID) 
at 12 months postoperatively in terms of the primary outcome 
(ODI) of ≥ 30%, as defined by Ostelo et al.24

Differences in TTS among patients achieving and those not 
achieving MCID were assessed with the use of crude and ad-
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justed Cox regressional hazard models. Variables for adjustment, 
such as age, sex, BMI, and baseline PROM values, were addi-
tionally selected based on previously published data, and repre-
sent potential confounders.25-28 Sensitivity, specificity, positive 
predictive value, and negative predictive value (NPV) in reach-
ing MCID were assessed for different cutoffs set at every 2 weeks, 
from week 2 to 52. The optimal TTS cutoff was established with 
the use of quantitative as well as qualitative analyses. The quan-
titative analysis consisted of an analysis of the area under the  
curve (AUC)-derived optimal cutoff (“closest-to-(0,1) criteri-
on”).18,29 On the other hand, we conducted a qualitative analysis 
of the curve representing MCID percentages after each cutoff, 
with the objective of identifying a cutoff were a minimum 80% 
likelihood of MCID can still be obtained.18

A p≤ 0.05 was considered statistically significant. All analyses 
were carried out in R ver. 3.4.3 (The R Foundation for Statisti-
cal Computing, Vienna, Austria).

RESULTS

1. Cohort
The flowchart for patient selection is represented in Fig. 1. 

Out of the 2,986 patients who underwent tMD during the study 
period, 372 patients (12.5%) had complete data on TTS and on 
baseline and 12-month PROM questionnaires for ODI, NRS 
leg pain, and NRS back pain. MCID in terms of ODI was achi-
eved in 327 patients (87.9%), with a mean improvement of -33.3± 
23.0 in ODI. NRS leg pain and NRS back pain improved on av-
erage by -5.4 ± 3.2 and -2.2 ± 3.5, respectively. Table 1 shows 

Table 1. Patient characteristics of the included cohort (n= 372)

Characteristic Value

Age (yr) 48.3 ± 11.8

Active smoker (n = 179) 94 (52.5)

Male sex 184 (49.5)

Body mass index (kg/m2) 25.3 ± 3.3

Height (cm) 177.2 ± 10.1

Weight (kg) 79.6 ± 13.5

Operation time (min) 39.4 ± 107.3

Length of hospital stay (hr) 23.2 ± 7.3

ASA PS classification (n = 361)

 I 217 (60)

 II 143 (39.6)

 III 1 (0.3)

Index level 

 L1–2 1 (0.2)

 L2–3 4 (1.1)

 L3–4 25 (6.7)

 L4–5 169 (45.4)

 L5–S1 173 (46.5)

Side 

 Right 146 (39.2)

 Left 193 (51.9)

 Medial 19 (5.1)

 Bilat 14 (3.8)

Baseline PROM values 

 ODI 48.4 ± 18.1

 NRS leg pain 7.4 ± 1.9

 NRS back pain 5.2 ± 2.8

12-Month PROM change score 

 ODI -33.3 ± 23.0

 NRS leg pain -5.4 ± 3.2

 NRS back pain -2.2 ± 3.5

Achieved MCID* 327 (87.9)

TTS (wk), median (IQR)   21 (12–37)

Values are presented as mean ± standard deviation or number (%) 
unless otherwise indicated.
ASA PS, American Society of Anesthesiologists physical status; PROM, 
patient-reported outcome measure; ODI, Oswestry Disability Index; 
NRS, Numeric Rating Scale; TTS, time to surgery; MCID, minimum 
clinically important difference; IQR, interquartile range.
*Defined as a ≥ 30% improvement in NRS leg pain scores from base-
line to the 12-month follow-up.

Fig. 1. Flowchart demonstrating the flow of patients through-
out the analysis. ACDF, anterior cervical discectomy and fu-
sion; LDH, lumbar disc herniation; PROM, patient-reported 
outcome measure; TTS, time to surgery.

4,955 All patients in the 
registry

2,986 Eligible patients
- 2,986 LDH

372 Patients included in 
primary analyses

1,969 Excluded

- 640 ACDF
-  1,329 Other lumbar indications

2,614 Excluded

- 2,584 Incomplete PROM data
-  30 Incomplete TTS data

other baseline characteristics of the patient population. Baseline 
characteristics of the excluded cohort are provided in Supple-
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mentary Table 1. The following complications occurred in a to-
tal of 8 patients (2.2%): incidental durotomy in 7 patients (1.9%) 
and major bleeding in 1 patient (0.3%).

2. Time to Surgery
The TTS averaged 49.1± 97.1 weeks, though consisting of a 

wide range from 1 week to 14.5 years. The median TTS was mea-
sured to be 21 weeks (IQR, 12–37 weeks). The median time pe-
riod from initial visit to surgery was 10 days (IQR, 6–19 days). 
The TTS distribution is shown in Fig. 2.

3. Association With Functional Outcome
The achievement of MCID was associated with lower TTS in 

the crude model (p= 0.014; hazard ratio [HR], 0.725; 95% CI, 
0.557–0.944). Fig. 3 shows the according to Kaplan-Meier 
curve. After adjustment for age, sex, and BMI, a similar result 
was obtained (p = 0.025; HR, 0.730; 95% CI, 0.554–0.962). In 
the final model adjusted for age, sex, BMI, baseline NRS leg 
pain and back pain, as well as baseline ODI, the statistical sig-
nificance was preserved (p= 0.049; HR, 0.745; 95% CI, 0.557–
0.998).

4. Maximum TTS
The surgical results according to TTS are outlined by Table 2. 

The AUC-derived optimal maximum TTS was calculated to be 

Fig. 2. Distribution of time to surgery. The density plot (curve) demonstrates a nonparametric probability density function 
smoothed over the patient counts (bins), with the y-axis demonstrating the proportion of patients within these bins. The histo-
gram demonstrates the distribution of patients among the timepoints. The x-axis is cut off at 2 years.
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Fig. 3. Kaplan-Meier curve for time to surgery among patients 
achieving minimum clinically important difference (MCID) 
and those not achieving MCID at 12 months. 
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21.5 weeks.18,29 Fig. 4 shows the percentage curve of the patients 
achieving MCID after the predetermined TTS cutoffs, which 
show a continuous drop with progressive TTS, reaching values 
of > 80% from week 14 and onwards. At this stage, the specific-
ity for MCID drops below 0.750, and the NPV for nonachieve-
ment of MCID surpasses ≥ 0.200.

DISCUSSION

In an analysis of 372 patients undergoing first-time lumbar 

discectomy from a prospective registry, lower TTS was associ-
ated with a higher probability for a favorable surgical outcome 
in terms of functional disability. The qualitative method based 
on MCID achievement percentages at different cutoffs showed 
a continuous drop of the MCID achievement with increasing 
TTS values, with values of > 80% MCID up to week 14. The 
quantitative AUC-anchored analysis both indicated an optimal 
maximum TTS of 22 weeks. Therefore, based on the calcula-
tion method, our data suggest that a maximum TTS of 14 to 22 
weeks should be targeted for a favorable postoperative outcome 
in functional disability, while surgery after these thresholds leads 
to the lower likelihood for success.

TTS is an important topic of surgical planning. There are only 
a few absolute indications to immediate discectomy to avoid 
permanent functional deficits, such as cauda equina syndrome 
or progressive motor weakness.9-12 Another more relative indi-
cation to near-term surgical intervention is unbearable pain, 
were an operation can lead to a better health-related quality of 
life.30,31 In addition, it was shown that a prolonged noxious stim-
ulus can lead to changes in the neural system, such as preserva-
tion of the pain even after removing the stimulus.32

However, without these indications, conservative methods 
should be primarily considered before surgery, as over a third 
of LDH tend to regress without therapy at all.11 Nonetheless, as 
symptom duration is prolonged, the probability of a conserva-

Table 2. Tabulation of surgical results as stratified by time to 
surgery (TTS) in weeks

Week (TTS  
   cutoff)

MCID after 
threshold 

(%)

Sensiti-
vity

Specifici-
ty PPV NPV

  2 83.2 0.000 1.000 - 0.168

  4 82.9 0.040 0.968 0.857 0.171

  6 82.7 0.086 0.935 0.867 0.173

  8 82.2 0.149 0.903 0.882 0.178

10 82.2 0.221 0.823 0.859 0.178

12 81.5 0.270 0.807 0.872 0.184

14 80.1 0.363 0.774 0.887 0.200

16 79.3 0.419 0.742 0.881 0.207

18 78.8 0.485 0.677 0.880 0.212

20 77.5 0.521 0.678 0.888 0.225

22 77.0 0.581 0.613 0.880 0.230

24 76.3 0.617 0.581 0.878 0.237

26 77.0 0.680 0.468 0.862 0.230

28 75.7 0.713 0.452 0.864 0.244

30 74.5 0.739 0.436 0.865 0.255

32 75.5 0.756 0.387 0.858 0.245

34 75.8 0.762 0.371 0.856 0.242

36 75.0 0.772 0.371 0.857 0.250

38 75.0 0.782 0.355 0.856 0.250

40 74.7 0.786 0.354 0.856 0.253

42 77.1 0.789 0.307 0.848 0.229

44 77.1 0.789 0.307 0.848 0.229

46 76.3 0.799 0.307 0.849 0.238

48 76.3 0.799 0.307 0.849 0.238

50 75.3 0.809 0.307 0.851 0.247

52 74.2 0.838 0.274 0.850 0.258

The ratio of patients achieving a favorable outcome (MCID after 
threshold) is provided.
MCID, minimum clinically important difference; PPV, positive pre-
dictive value; NPV, negative predictive value.

Fig. 4. Minimum clinically important difference (MCID) per-
centages for patients operated after different cutoffs. The ver-
tical line indicated the area under the curve-derived cutoff at 
21.5 weeks.
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tive cure is reduced. In addition, longer symptom duration may 
also lead to worse outcome.13 Our data as well suggests that pa-
tients achieving MCID were generally operated earlier on.18 

These findings reinforce the idea of starting with conservative 
therapy, but already taking surgery into consideration early on, 
especially if no improvement can be achieved after 6 to 8 weeks.

However, the optimal maximum TTS for a favorable surgical 
outcome in terms of functional impairment outcomes—as mea-
sured by ODI here—remains unclear.33,34 Several studies inves-
tigating surgical timing provide different results. Some studies 
implied a maximum duration of conservative treatment only 
for 2–3 months or less,2,8,35 as for instance it was shown that ear-
lier decompression was associated with more pronounced re-
generative effects in rat spines.36 On the other hand, some stud-
ies found conservative management and surgery to be equiva-
lent in their 1-year outcomes.14,37

In a recent analysis of our data, focusing on NRS leg pain out-
comes in association with TTS, we established that a maximum 
waiting time of 24 weeks—or 6 months—should be considered 
if patients are to have the highest likelihood of improvement in 
terms of leg pain severity.18 Interestingly, the current analysis of 
our data, focusing on functional impairment as measured by 
ODI, provided slightly differing results: While the detrimental 
effect of waiting too long for surgery remains obvious in all anal-
yses, it appears that improvement of functional impairment gen-
erally requires earlier surgical intervention (at 14–22 weeks af-
ter symptom onset) than for improvement of leg pain severity. 
While it is certainly hard to explain this difference, it is possible 
that—in the presence of (subclinical) motor deficits—motoric 
nerve fibers may be less resilient than sensory nerve fibers. How-
ever, we are unable to corroborate this potential explanation with 
published data from the literature.

Sabnis and Diwan13 conducted a meta-analysis in 2014, and 
found that long duration of preoperative sciatica was associated 
with poor outcome. They further were only able to derive a broad 
time range of 2–12 months, underlining the heterogeneity in 
the different studies. They stated, therefore, a minimum con-
servative treatment of 2 months, as earlier surgery without in-
dications might be superfluous due to spontaneous regression, 
and a maximum TTS of 12 months, as longer waiting time de-
creases the likelihood of positive surgical outcome. In addition, 
they were able to outline a most common optimal maximum 
TTS of 6 months. One of our methods of analyzing the influ-
ence of TTS resulted in an optimum TTS of 22 weeks (=5.5 mon-
ths), which may reinforce the results of Sabnis and Diwan13 as 
well as Siccoli et al.18

In addition, our qualitative analysis showed a continuous de-
crease in MCID achievement with increasing TTS, and this find-
ing is supported by most of the studies.13,16,18,19,35,38-41 For exam-
ple, Støttrup et al.19 found that even surgery after 3 months leads 
to worsened outcomes at 1 year already. However, their analysis 
was focused solely on leg pain. In our study, we also see a dras-
tic decrease in MCID achievement just before the 12-month 
mark in our analyses, which would imply a poor outcome after 
this cutoff and would underline the very maximum threshold 
defined by Sabnis and Diwan.13

Our data also suggest that very early surgery within 14 weeks 
had better MCID achievement than longer TTS. Nevertheless, 
this finding must be taken with a grain of salt. As the general 
management of LDH is strictly conservative in the first weeks, 
these very early operation are mainly patients with surgical in-
dication, such as neurological deficits, and were a MCID achieve-
ment may be easier due to a much worse baseline value. In ad-
dition, most patients with radiculopathy due to LDH are most 
hampered by their pain or by functional impairment secondary 
to pain, and in this context surgery at up to 24 weeks has been 
shown to lead to favorable outcomes.18

Our study should not be taken as a call for early discectomy 
in the general symptomatic LDH population. It is still proper 
therapeutic management to propose conservative methods to 
the patients before surgery. However, it is also important to ear-
ly discuss surgical treatment with the patients, especially when 
no improvement can be achieved conservatively after a few 
weeks. At the end, LDH treatment remains a shared decision-
making between physicians and patients, and must also be 
adapted to the patients somatic and psychological characteris-
tics. However, our data suggest that surgery should be carried 
out without delay and within 14–22 weeks from symptom onset.

Our study is primarily limited by its retrospective nature. Al-
though all data were collected in a prospective registry and events 
captured systematically, and all patients with sufficient data and 
meeting the inclusion criteria were included, the presence of  
selection bias cannot be ruled out. In addition, all data stems 
from a single center and by one senior surgeon, possibly creat-
ing center bias. The analysis was not predefined, and we observ-
ed a high rate of loss of follow-up, as seen in other prospective 
registries before.26 It remains unclear if this occurrence may be 
associated with further biases.42-44 Further-on, our data and re-
sults cannot be claimed as generalized, as for the lack of exter-
nal validation. Because this registry only included low-risk pa-
tients, thus those with a BMI< 33 kg/m2, ASA physical status 
classification I or II, and age up to 80 years, our data and con-
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clusions should not be expanded to high-risk patients such as 
octo- and nonagenarians, or such with systemic comorbidities. 
Moreover, our results may only be valid for patients undergoing 
tMD, and some patients received analgesic medication, nerve 
blocks, or manual- or physiotherapy preoperatively, on which 
we do not have robust data. We also do not have data on out-
comes of patients who did not, in the end, undergo surgery. 
Therefore, our results can only indicate that, among patients 
who finally underwent surgery, earlier surgery was clearly asso-
ciated with a better chance at MCID. However, another inter-
esting point which cannot be inferred from our data is that the 
true utility of waiting longer is not postoperative outcomes, but 
rather the possibility that patients’ symptoms will improve to 
the point that they can avoid surgery altogether. The TTS val-
ues are based on the patients’ medical histories, and might, 
therefore, vary in their reliability and accuracy—recall bias may 
be present. We, therefore, only used integer values for weeks to 
better counteract such interpatient differences in TTS reporting 
during medical history taking. We rated subjective functional 
impairment based on the ODI. While the ODI is certainly a wide-
ly adopted and gold-standard outcome measure, other ques-
tionnaires like the Short Form 36 may have captured other di-
mensions of functional disability.

CONCLUSION

Our data suggest that patients undergoing lumbar discectomy 
earlier on are generally associated with a better improvement in 
terms of functional impairment after 1 year postoperatively. 
Different methods suggested an optimum TTS of 14–22 weeks, 
which is further validated by different other literature reports. 
Moreover, we find that improvement in functional impairment 
may potentially require earlier surgical intervention than im-
provement in leg pain severity does. Further studies have to be 
conducted for an improved understanding of surgical timing of 
lumbar discectomy, to improve personalized decision-making 
medicine for the optical therapeutic management of LDH.
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Supplementary Table 1. Baseline characteristics of the 2,614 
patients who did not fulfil the inclusion criteria or who did 
not have the necessary data available

Characteristic Value

Age (yr) 48.3 ± 11.8

Active smoker 526 (56.2)

Male sex 1,447 (55.4)

Body mass index (kg/m2) 25.4 ± 3.4

Height (cm) 177.4 ± 10.3

Weight (kg) 79.9 ± 13.0

Operation time (min) 39.6 ± 106.8

Length of hospital stay (hr) 23.1 ± 7.1

ASA PS classification

 I 1,474 (65)

 II 767 (34)

 III 6 (0.3)

Index level 

 L1–2 3 (0.1)

 L2–3 37 (1.5)

 L3–4 162 (6.4)

 L4–5 1,121 (44)

 L5–S1 1,214 (48)

Side

 Right 1,093 (45)

 Left 1,243 (51)

 Median 75 (3.1)

 Both sides 16 (0.7)

Baseline PROM values

 ODI 49.4 ± 17.3

 NRS leg pain 7.4 ± 2.1

 NRS pack pain 5.4 ± 2.9

Values are presented as mean ± standard deviation or number (%). 
ASA PS, American Society of Anesthesiologists physical status; 
PROM, patient-reported outcome measure; ODI, Oswestry Disabili-
ty Index; NRS, Numeric Rating Scale. 


