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Factors Affecting Early and 1-Year Motor Recovery 
Following Lumbar Microdiscectomy in Patients 

with Lumbar Disc Herniation: A Prospective 
Cohort Review
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Study Design: Prospective cohort study.
Purpose: The study was aimed at evaluating clinicoradiological factors affecting recovery of neurological deficits in cases of lumbar 
disc herniation (LDH) treated by lumbar microdiscectomy.
Overview of Literature: The majority of the available literature on neurological recovery following neurodeficit is limited to retro-
spective series. The literature is currently limited regarding variables that can help predict the recovery of neurodeficits following 
LDH.
Methods: A prospective analysis was performed on 70 consecutive patients who underwent lumbar microdiscectomy (L1–2 to L5–S1) 
owing to neurological deficits due to LDH. Patients with motor power ≤3/5 in L2–S1 myotomes were considered for analysis. Follow-
up was performed at 2, 6, and 12 months to note recovery of motor deficits. Clinicoradiological parameters were compared between 
the recovered and nonrecovered groups.
Results: A total of 65 patients were available at the final follow-up: 41 (63%) had completely recovered by 2 months; four showed 
delayed recovery at the 6-month follow-up; and 20 (30.7%) showed no recovery at 1 year. Clinicoradiological factors, including diabe-
tes, complete initial deficit, areflexia, multilevel disc prolapse, longer duration since initial symptoms, and ≥2 previous symptomatic 
episodes were associated with a significant risk of poorer recovery (p<0.05 for all). Age, sex, occupation, smoking, level/type or loca-
tion of disc herniation, primary canal stenosis, disc fragment dimensions, precipitating factors, bladder involvement, bilaterality of 
symptoms, and the presence or absence of anal reflex did not affect neurological recovery (p>0.05 for all). Diabetes mellitus (p=0.033) 
and complete initial motor deficit (p=0.028) were significantly associated with delayed recovery in the multivariate analysis.
Conclusions: The overall neurological recovery rate in our study was 69%. Diabetes mellitus (p=0.033) and complete initial motor 
deficit were associated with delayed motor recovery.
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Introduction

The long-term outcomes for lumbar disc herniation (LDH) 
are generally considered favorable, and surgery is reserved 
for indications such as refractory pain, cauda equina syn-
drome, and progressive neurological deficits [1,2]. Neuro-
logical deficits, albeit uncommon, are a significant com-
plication following LDH [3]. The severity of neurological 
deficits can range from weakness in an isolated myotome to 
cauda equina syndrome. Neurological recovery in patients 
with mild neurological deficits (Medical Research Council 
[MRC] grade >3/5) has been reported to be satisfactory, re-
gardless of the treatment experienced (e.g., conservative vs. 
surgical treatment) [3]. However, progressive neurological 
deficits or cauda equina syndrome is considered a surgical 
emergency, and early surgical decompression has been rec-
ommended as the treatment of choice [4-7].

The majority of the available literature on neurological 
recovery following neurodeficit is limited to retrospective 
series [8-12]. Neurological recovery following surgical 
decompression is not universal, and variable recovery 
rates of between 61% and 88% have been reported in the 
literature [3]. Various factors have been postulated as af-
fecting recovery; however, the contribution of each still 
remains controversial [6,9,10]. Ghahreman et al. [10] in 
their study observed better neurological recovery follow-
ing neurodeficit in younger patients, whereas the study 
by Bhargava et al. [11] observed that the duration and 
severity of the neurodeficits were significant prognostic 
indicators for neurological recovery. However, the study 
by Postacchini et al. [12] failed to reveal any significant 
prognostic factors. The literature is currently limited to 
describing variables that can help to predict the recovery 
of neurodeficits following LDH. The aim of this study was 
to evaluate neurological motor recovery following lumbar 
microdiscectomy, and to identify clinicoradiological fac-
tors associated with neurological improvement.

Materials and Methods

The study was a prospective, longitudinal follow-up study 
that included 70 consecutive patients undergoing mi-
croscopic discectomy for motor deficits (with or without 
associated bladder involvement) following LDH during 
the period December 2013 to March 2015. The study was 
approved by the institutional review board of Ganga Hos-
pital, Coimbatore, India (IRB approval no., 04/11/13), and  

written informed consent was received from all partici-
pants prior to study participation.

Patients with motor power ≤3/5 (MRC grading: active 
movement possible against gravity, but not against resis-
tance) in L2–S1 myotomes, with or without bowel bladder 
deficit, were included in the analysis. Complete motor 
deficit was defined as motor power of 0/5 in the specific 
myotome. Sensory loss was sub grouped into complete 
loss of sensation (S0) and partial loss of sensation (S1). 
Patients with tandem cervical or thoracic stenosis and iso-
lated sensory deficits were excluded.

1. Clinical assessment

Details regarding the patients’ general demographic 
profile, including age, sex, body mass index (BMI), oc-
cupation, presence of medical comorbidities, and smok-
ing history were recorded. Patients underwent complete 
neurological clinical examination (motor, sensory, and 
autonomic nervous system assessment) preoperatively 
and postoperatively at the 2, 6, and 12-month follow-
up. At each visit, motor power was assessed by clinical 
examination based on the MRC power grading system 
by two independent observers; any disagreement was 
reviewed by the senior author (R.S.) for the assessment 
of recovery. The occupational status was defined based 
on the research study “Physical exertion requirements of 
work in the dictionary of occupational titles” published 
by the US Department of Labor [13]. Sedentary and light 
work were classified as ‘light labor’ (involving frequent 
lifting of weights less than 4.5 kg or lifting of weights of 
not more than 9.1 kg at a time, and could involve long 
hours of standing or walking). Medium, heavy, and very 
heavy work were classified under ‘heavy labor’ (involving 
frequent lifting of weights more than 4.5 kg or lifting of 
weights more than 9.1 kg at a time). ‘Current smoker’ was 
defined as a person who has smoked more than 100 ciga-
rettes (or other forms of tobacco that could be smoked) 
and who has smoked in the past 28 days [14].

The duration of symptoms was classified into three dif-
ferent categories: (1) duration since initial symptoms: the 
time interval from initial symptoms to performance of 
surgical decompression for the neurological deficit; (2) 
onset of current symptomatology: acute <3 months of 
current symptoms, chronic >3 months of symptoms, and 
acute on chronic symptoms, suggested by acute worsening 
of chronic symptoms; and (3) total number of previous 
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symptomatic episodes (number of symptomatic episodes 
prior to the current episode, with intervening asymptom-
atic periods). A previous episode was considered signifi-
cant if the patient reported low back pain accompanied by 
radiating pain with a dermatomal distribution. Episodes 
of isolated low back pain without sciatica were excluded.

2. Radiological assessment

Radiological assessments, including plain radiographs 
and magnetic resonance imaging (MRI) scans, were per-
formed for all patients. The radiological factors assessed 
included the following: (1) number of herniated discs; (2) 
index level of herniation; (3) nature of herniation (seques-
tered, extruded, or prolapsed); (4) migration of disc frag-
ment (superior or inferior); (5) herniated disc fragment 
dimensions; (6) location of herniation on axial section 
(central, paracentral, foraminal, and posterolateral); (7) 
percentage of canal compromise on MRI; and (8) bony 
canal dimensions at the herniated level.

3. Surgical procedure

All the patients underwent microlumbar discectomy un-
der general anesthesia. Using either unilateral fenestration 
alone or wide fenestration, midline laminectomy was per-
formed to access the disc, depending on the location and 
size of the disc.

4. Follow-up and assessment

All the patients were followed up clinically at the end of 2, 
6, and 12 months after discharge. Based on the recovery 

patterns observed during the follow-up, patients were fur-
ther classified into recovery and nonrecovery groups. Sig-
nificant motor recovery was defined as an improvement 
in motor power to at least MRC grade 4 in the predomi-
nantly affected myotomes. All preoperative clinical and 
radiological factors were studied between the two groups, 
and a comparison was made to identify any possible asso-
ciated factors affecting recovery following surgical decom-
pression.

5. Statistical analysis

The statistical analysis was performed using IBM SPSS 
ver. 20.0 (IBM Corp., Armonk, NY, USA). To compare 
the association of various factors between the recovery 
and the nonrecovery groups, a univariate analysis using 
the chi-square test or Fisher’s exact test was initially per-
formed. Values with p<0.05 were considered significant. 
We then included only the seven variables that were sig-
nificant in the univariate analysis (diabetes, longer time 
interval between first symptoms and surgical decompres-
sion, ≥2 previous symptomatic episodes, complete motor 
deficit, complete sensory loss [S0], areflexia, and number 
of herniated disc levels ≥2) in the multivariate analysis us-
ing binary logistic regression. Binary logistic regression is 
typically used when the response variable is binomial (e.g., 
yes/no; present/absent) [15]. Due to multicollinearity (a 
phenomenon in which one variable can be linearly pre-
dicted from another predictor variable with a substantial 
degree of accuracy) between the initial sensory deficit and 
areflexia, neither of these variables could be considered 
for the multivariate analysis. Multicollinearity can result 
in an unstable parameter that can make the assessment in 

Fig. 1. Flow chart depicting the prospective FU of 70 consecutive patients with motor deficit following LDH. LDH, lumbar disc herniation; FU, follow-
up; MR, motor recovery.

70 Patients who underwent 
lumbar microdiscectomy 

(L1–2 to L5–S1) for neuro-
logical deficit due to LDH

65 Patients followed 
up for 12 mo

24 Patients: no 
significant MR

41 Patients: 
significant MR

At 2 mo FU

4 Patients: 
significant MR

At 6 mo FU

No patients: 
further MR

At 12 mo FU

20 Patients: no 
significant MR

20 Patients: no 
significant MR

5 Patients lost to FU
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binary logistic regression of the effect of independent vari-
ables on dependent variables difficult [16]. Using binary 
logistic regression, we determined the impact of each of 
these seven variables on the odds ratio (OR; exponential 
of β) of the observed event of interest (i.e., neurological 
recovery).

Results

The mean age of the patients in our study was 43.4 years, 
with 54 men and 16 women. Of the 70 patients, 65 were 
available for the final follow-up: 41 patients (63%) had 
completely recovered by 2 months; and of the 24 patients 
who did not recover in the initial 2 months, four (6.1%) 
had delayed motor recovery at the 6-month follow-up. 
These patients showed significant neurological improve-
ment (to a power of at least grade 4 for the predominantly 
affected myotomes and bladder recovery) at their 6-month 
follow-up. Twenty patients had not recovered by the end 
of the 1-year follow-up (Fig. 1). Comparison of clinicora-
diological parameters between the sub groups of patients: 
group 1 (early recovery at 2 months, n=41) versus group 
2 (late recovery, n=4; or no recovery, n=20) are listed in 
Tables 1–4. Given that the patients with delayed recovery 
constituted a very small group (only four patients), fur-
ther analyses were not performed on this subgroup.

1. Clinical assessment

Nine of the 24 patients (38%) in group 2 had diabetes 

mellitus, whereas only five of the 41 patients (12%) who 
recovered had diabetes mellitus (p=0.03; OR, 4.62; 95% 
confidence interval [CI], 1.31–16.24). Diabetes mellitus 
was significantly associated with delayed motor recovery, 
based on both the univariate and multivariate analyses 
(binary logistic regression analysis: p=0.033; OR, 5.683; 
95 CI, 1.154–27.980). No other factors concerning the 
patients’ general profile (including age, sex, BMI, occupa-
tion, smoking history, and other medical comorbidities) 
had any significant association with neurological recovery 
(Tables 1, 4).

Based on the univariate analysis, the patients who re-
covered had a significantly shorter duration from the 
initial presenting symptom (mean, 139 days; median, 30 
days; range, 2–1,095 days) compared with the patients 
who did not recover (mean, 349 days; median, 90 days; 
range, 4–2,555 days; p=0.05). However, we could not 
identify a single best cut-off point for the duration value 
based on the receiver operating characteristic curve 
analysis, possibly due to the relatively small sample size. A 
further binary logistic regression analysis also showed no 
significant correlation between the time from the initial 
symptom and recovery from the motor deficit (p=0.103; 
OR, 0.999; 95% CI, 0.997–1.000).

On the basis of the univariate analysis, the patients who 
recovered had significantly fewer previous symptomatic 
episodes (mean, 0.17; median, 0; range, 0–2) as compared 
with the nonrecovered population (mean, 1; median, 0; 
range, 0–8; p=0.006; cut-off ≥2 episodes; OR, 14.11; 95% 
CI, 1.57–127.4). However, in a further logistic regression 

Table 1. General profile of patients (group 1 vs. group 2)

Characteristic Group 1a) Group 2b) p-value Odds ratio (95% 
confidence interval)

Age (yr) 43.15±2.225 (45 [17–75]) 44.17±2.311 (45 [16–66]) 0.766

Sex (male vs. female) 31:10 19:5 0.935

Occupation (heavy vs. light labor) 13:28     6:18 0.748

Smoking history (smokers vs. non-smokers) 31:10 17:7 0.872

Comorbidity 0.015

0 34 11

1   4   8

2   3   5

Non-DM vs. DM         36:5 (12.2)           15:9 (60.0) 0.025 4.6 (1.31–16.24)

Values are presented as mean±standard deviation (median [range]), number, or number (%), unless otherwise stated.
DM, diabetes mellitus.
a)Patients with neurological recovery. b)Patients without neurological recovery.
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analysis, there was no significant correlation between the 
number of previous symptomatic episodes and recovery of 
motor deficits (p=0.351; OR, 3.223; 95% CI, 0.275–37.789). 
The duration since the onset of neurological deficits was 
also not statistically different between the patients who 
recovered (mean, 30 days; median, 15 days; range, 2–180 
days) and those who did not (mean, 46 days; median, 15 
days; range, 1–90 days; p=0.236).

Only 27% of the patients who recovered initially had a 
complete motor deficit. However, 63% of those who did 
not recover had a complete initial deficit (p=0.0001; OR, 
4.24; 95% CI, 1.43–12.56). In a further logistic regres-
sion analysis, there was a significant association between 
initial completeness of motor deficit and motor recovery 
(p=0.028; OR, 4.171; 95% CI, 1.169–14.887). Among the 
18 patients who had complete initial sensory loss (S0), one 
was lost to follow-up. Of the 17 remaining patients, seven 
patients (41%) recovered early, whereas 10 (59%) did not 
recover. Among the 48 patients with partial or complete 
preservation of sensation, 34 (71%) had recovered early, 
and only 14 (29%) failed to recover (p=0.042; OR, 3.46; 
95% CI, 1.099–10.94). Similarly, among the 17 patients 
with areflexia at initial presentation, 11 (65%) did not 
recover, whereas six (35%) had an early recovery. Some 
73% of patients (35 of 48) with preserved reflexes showed 
recovery (p=0.009; OR, 4.935; 95% CI, 1.52–16.07). Ow-
ing to multicollinearity between the initial sensory deficit 
and areflexia, neither of these variables were considered 
for multivariate analysis [16]. Other presenting factors, in-
cluding temporal relation of onset of symptoms (p=0.16), 
precipitating events (p=0.88), bilaterality of symptoms 
(p=0.412), and loss of anal tone (p=0.48), did not differ 
significantly between the groups.

There were 17 patients with bladder deficit in the co-
hort. Of the 41 patients in group 1, eight patients pre-
sented with coexisting bladder symptoms, whereas the re-
maining patients with bladder deficits belonged to group 2. 
All the patients with poor motor recovery also had some 
persistent bladder symptoms. However, the difference be-
tween these groups with regard to bladder deficit and re-
covery was not statistically significant (p=0.265). Among 
the patients with bladder involvement, 10 had decreased 
anal tone and perianal sensation at presentation. Among 
the patients with decreased anal tone, 50% had recovery 
of bladder function. This difference was not statistically 
significant (p=0.480) (Table 2).

2. Radiological assessment

Thirty-six of the 48 patients with single-disc herniation 
had a significantly better recovery (75%) as compared 
with five of 17 patients with multilevel herniations (29%) 
(p=0.006; OR, 6.6: 95% CI, 1.9–22.86). In a binary logistic 
regression analysis, however, no significant correlation 
was observed between the number of disc herniation 
levels and motor recovery (p=0.163; OR, 0.395: 95% CI, 
0.108–1.454). No other radiological parameters, including 
index level of herniation, type of herniation (protrusion, 
extrusion, or sequestration), migration of disc (superior, 
inferior, or nonmigrated), location of disc (central, para-
central, posterolateral, or foraminal), disc fragment and 
bony canal dimension, or percentage of spinal canal com-
promise affected the neurological recovery (Table 3).

Based on the univariate analysis, we identified seven 
risk factors as poor prognostic variables for an early re-
covery: diabetes; longer time interval between first symp-
tom and surgical decompression; ≥2 previous symptom-
atic episodes; complete motor deficit; complete sensory 
loss (S0); areflexia; and number of herniated disc levels 
≥2. The operation characteristics of the estimated univari-
ate model were sensitivity=75, specificity=70.7, positive 
likelihood ratio=2.6, and negative likelihood ratio=0.35. 
In a further multivariate analysis, only two of these risk 
factors, diabetes mellitus and completeness of initial mo-
tor deficit, could be significantly correlated with the motor 
recovery after lumbar microdiscectomy.

Discussion

There is considerable variability in the reported recovery 
rates for neurodeficit accompanying degenerative lumbar 
disc disorders. This variability can be ascribed to the het-
erogenicity in the nature of the underlying pathology, the 
influence of diverse factors on recovery, the variability in 
follow-up duration, and the definition of neurodeficit con-
sidered during analysis [17]. Age, initial severity of neu-
rodeficit, sensory or autonomic involvement, the duration 
of the initial deficit or delay in surgical decompression, 
and comorbid medical illnesses have been postulated to 
influence neurological recovery [3,10-13,18-21]. However, 
there is little consensus as to which factors determine 
prognosis in a patient with neurodeficits [3,10-13,18-21]. 
The present study was planned to analyze various clinico-
radiological factors associated with neurodeficits and their 
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influence on motor recovery. This knowledge could help 
predict neurological recovery among patients undergoing 
microlumbar discectomy following LDH.

Ghahreman et al. [10] in their study reviewed 56 
consecutive patients presenting with ankle dorsiflexion 
weakness, who showed an overall recovery rate of 41% 
with maximal recovery in the first 6 weeks. Among the 
patients with MRC grade >3/5, 68% showed recovery as 
compared with 27% when the MRC power was less than 

3/5. Postacchini et al. [12] have prospectively studied 116 
patients with neurological deficits and noted a 76% re-
covery at a 6-year follow-up. However, they noted persis-
tence of weakness in 39% of patients with a preoperative 
MRC grade ≤3/5. Our study noted that 63% of patients 
recovered in the first 2 months following microlumbar 
discectomy. A small proportion (6%) still showed late 
recovery (at the end of 6 months). Although it is uncom-
mon for patients to recover beyond the initial 2 months, 

Table 3. Radiological assessment (group 1 vs. group 2)

Variable Group 1a) Group 2b) p-value Odds ratio (95% confidence interval)

No. of levels of disc herniation 0.006* 6.6 (1.9–22.86)

1 36 12

2 5 10

3 0 2

Primary level of disc prolapse 0.124

L1–2 0 2

L2–3 1 2

L3–4 8 7

L4–5 30 9

L5–S1 2 4

Type of disc prolapse 0.722

Sequestered 7 4

Protruded 7 5

Extruded 27 15

Disc position 0.090

Inferiorly migrated 24 16

Superiorly migrated 9 5

Not migrated 8 3

Disc location 0.123

Paracentral 9 6

Central 22 14

Foraminal 2 0

Posterolateral 8 4

AP dimension disc (mm)   8.94±0.48    8.98±0.62 0.962

Canal compromise (%) 66.5±3.4  63.1±4.4 0.542

Bony canal dimension (mm) 0.794

Proximal (AP) 14.35±0.35    13.8±0.49

Proximal (lateral) 19.82±0.65  20.08±0.65

Distal (AP) 13.85±0.79  12.38±0.43

Distal (lateral) 20.51±0.83  19.24±0.72

Values are presented as number, mean±standard deviation, unless otherwise stated.
AP, anteroposterior.
a)Patients with neurological recovery. b)Patients without neurological recovery. *p<0.05.
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there is still a definite possibility of such a recovery even 
up to 6 months postdecompression. Given that this group 
was a very small cohort (four patients with late recovery), 
we could not determine the specific characteristics of this 
group that showed late recovery. This study made a de-
tailed comparison between patients who recovered early 
(within 2 months) and those who had a late recovery or 
no recovery.

Sathian et al. [22] in their study described the pattern 
of recovery or paresis following a central nervous system 
injury and observed a fairly predictable time course of 
recovery in most situations. These researchers concluded 
that most motor recovery occurred within the first 3 
months of the injury, with a stronger recovery happening 
in the initial 4–8 weeks and reaching a plateau by approxi-
mately 12 weeks. Moussellard et al. [23] described the 
recovery pattern following cervical spondylomyelopathy 
and observed that the neurological recovery after surgi-
cal decompression occurred very rapidly during the first 
month (statistically significant) and stabilized thereafter 
(reaching a plateau by 12 months). Dhatt et al. [5] in their 
study observed a varied pattern of recovery in their group 
of patients with cauda equina syndrome, with the most 
common pattern involving motor recovery, followed by 
bladder and bowel recovery, followed thereafter by senso-
ry recovery. The duration of the recovery in their patients 
ranged between 4 and 32 months (mean of 13.5 months). 
Thus, the major portion of the recovery has been shown 
to occur in the initial postdecompression period. Even 
in our study, a major proportion of the patients demon-
strated neurological recovery at the time of the initial 
postoperative visit (at 2 months, 41 of 45 patients recov-
ered [91.1%]), and our statistical analysis was performed 
for this early recovery group.

Among the various factors relating to the general pa-
tient profile, diabetes mellitus was the only factor associ-

ated with a delayed recovery on both the univariate and 
multivariate analyses. Some 38% of the nonrecovered 
patients had diabetes, compared with 12.2% in the recov-
ered population. Diabetes has been associated with overall 
poorer outcomes in LDH [24,25]. The poorer ability of the 
nerves to heal, along with a possible second hit at a more 
distal level due to coexisting vasculopathy or neuropathy, 
could negatively influence the neurological recovery in 
patients with diabetes [25]. Although certain studies have 
demonstrated a better recovery in younger patients, this 
study did not find any association between patient age and 
recovery of the patient [10,26]. A heavy occupational pro-
file has been reported as a possible factor associated with 
causation of lumbar disc prolapse [27]. However, based on 
our study, it might not be a significant risk factor in neu-
rological recovery following surgical decompression.

The symptomatology was evaluated under the following 
categories: (1) onset of symptomatology; (2) time interval 
between initial presenting symptoms and surgery; (3) 
number of previous symptomatic episodes; and (4) dura-
tion since onset of neurodeficit. In the univariate analysis, 
a longer time interval from initial symptoms to surgical 
decompression and number of previous symptomatic epi-
sodes ≥2 were significantly associated with a lesser chance 
of early neurological recovery. However, neither of these 
factors showed any significant relation to motor recovery 
in the multivariate (logistic regression) analysis.

Three classic patterns of presentation of cauda equina 
syndrome have been described: type 1: acute presentation, 
in which cauda equina syndrome is the first symptom; 
type 2: culmination of long history of chronic back pain 
with or without sciatica; and type 3: chronic history with 
slow progression to numbness and urinary symptoms [6]. 
Neurological deficits become irreversible when intraspinal 
pressure passes a critical level for a certain length of time; 
therefore, chronicity of compression negatively affects the 

Table 4. Binary logistic regression with motor recovery as outcome variable

Risk factor B Standard error Wald Degree of 
freedom p-value Odds ratio 

(95% confidence interval)

Diabetes mellitus 1.737 0.813 4.565 1 0.033*        5.683 (1.154–27.98)

Duration since initial symptoms -0.001 0.001 2.658 1 0.103 0.999 (0.997–1)

No. of symptomatic episodes 1.170 1.256 0.868 1 0.351          3.223 (0.275–37.789)

Completeness of motor deficit 1.428 0.649 4.842 1 0.028*          4.171 (1.169–14.887)

No. of levels of disc herniation -0.928 0.664 1.95 1 0.163        0.395 (0.108–1.454)
*p<0.05.
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recovery [28]. The role of early (6–24 hours) surgery in 
significantly improving neurological recovery has been 
discussed in the literature [3,10-12]. In a retrospective 
analysis by Bhargava et al. [11], the preoperative duration 
of neurological deficits was demonstrated to be a signifi-
cant predictor of poor recovery. It has been suggested that 
surgery could be of questionable benefit in long-standing 
neurodeficits, given that nerve roots can undergo irrevers-
ible changes [3]. Most of our patients generally presented 
to us quite late (mean, 40.4 days). Even with such delayed 
presentations, eventual neurological recovery of 69% was 
observed. Thus, apart from the delay from onset of neuro-
deficit, multiple other factors affect the final recovery, and 
surgery should be offered even in delayed presentations.

The univariate analysis showed that all three compo-
nents of neurological deficits at presentation (initial com-
plete motor deficit, complete sensory loss, and areflexia) 
had a significant association with delayed motor recovery. 
Binary logistic regression analysis also revealed a signifi-
cant association between initial complete motor deficit 
and delayed motor recovery. In the review article by Balaji 
et al. [3], there was no clear evidence from the literature 
on the association between preoperative severity of deficit 
and neurological recovery [3]. Although the studies by 
Ghahrehman et al. [10] and Postacchini et al. [12] have 
demonstrated a definitive poorer recovery in patients 
with more severe initial neurodeficits, other studies, such 
as those by Iizuka et al. [9] and Dubourg et al. [26], have 
failed to reveal such a significant relationship. It has been 
previously demonstrated that complete sensory loss is a 
poor prognostic factor for traumatic spinal cord injuries 
[28]. We observed that complete, initial motor deficit 
negatively influenced the neurological outcome in our 
patients (based on both the univariate and multivariate 
analyses).

Among the 17 patients with initial bladder deficits, 
47% had good early motor recovery, whereas 53% failed 
to recover. Although there was slight tendency toward 
poorer motor recovery in patients with initial bladder in-
volvement, the difference was not statistically significant 
(p=0.265). Among patients with bladder involvement, 
no significant association was found between decreased 
initial anal tone/reflexes and motor or bladder recovery 
(p>0.05). Previous studies in the literature have demon-
strated poorer neurological outcomes in patients with 
significant bladder function involvement [5,7]. Cauda 
equina syndrome (CES) has been classified into two stages 

based on bladder involvement: CES-incomplete (CES-
I); and CES with true retention (CES-R) [6]. It has been 
emphasized that CES-R (with bladder retention) leads 
to poorer outcomes as compared with the CES-I stage, 
and timely intervention at CES-I stage might halt further 
progression into its more irreversible stage. Dhatt et al. [5] 
in their study have demonstrated that the absence of anal 
reflex at presentation is a predictor of poor recovery in pa-
tients with cauda equina syndrome.Although the univari-
ate analysis revealed that multilevel disc prolapses had a 
poorer recovery even after decompression, the multivari-
ate analysis of the binary regression model failed to reveal 
such an outcome. A multilevel insult has been shown to 
cause significant damage to neural elements (double-crush 
phenomenon) in such a way that recovery can become 
more compromised than recovery in a single-level pathol-
ogy [19]. No other radiological factors, including disc 
morphology, canal dimensions, and disc dimension, af-
fected neurological recovery.

Among a group of patients with severe neurodeficits, 
Postacchini et al. [12] have noted that those who under-
went complete recovery had a relatively earlier surgical 
decompression as compared with the patients with persis-
tent weakness (35 days versus 69 days). Conversely, Balaji 
et al. [3], in a systematic review of severe neurodeficit re-
covery, have concluded that there is insufficient evidence 
to suggest that early surgery could improve recovery. 
The authors have also noted that a majority of the stud-
ies analyzing neurological recovery have not included a 
multiple regression analysis, which is a significant limita-
tion. Macki et al. [29] retrospectively reviewed 71 patients 
undergoing decompression for foot drop using a discrete 
time proportional hazards model, and analyzed recovery 
at six different time intervals. The authors noted that pre-
operative muscle strength and duration of weakness were 
significant predictors of recovery from foot drop. Over-
devest et al. [30] in their study performed a randomized 
controlled trial, comparing recovery in 150 patients with 
neurological deficits accompanying LDH. They reported 
comparable overall recovery for both the surgical and the 
conservative treatment groups, with a faster recovery fa-
voring surgery in the early follow-up. This difference was 
not observed at the 26- and 52-week follow-ups.

Conclusions

Our study identified a set of seven risk factors (on the 
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basis of a univariate analysis) that could predict poor 
recovery in patients with motor deficits following LDH: 
diabetes; longer time interval between the occurrence of 
the first symptom and surgical decompression; ≥2 previ-
ous symptomatic episodes; complete motor deficit; com-
plete sensory loss (S0); areflexia; and number of herniated 
disc levels ≥2. On the basis of a binary logistic regression 
analysis, only diabetes mellitus and complete initial motor 
deficit revealed a significant association with delayed mo-
tor recovery.

There are some limitations to this study. First, the 
sample size of our study population was small. We unfor-
tunately did not perform a power analysis prior to recruit-
ing the patients for the study to identify the ideal size for 
the required sample population. Secondly, there is a pos-
sibility that factors such as duration of symptoms and the 
time from the neurological deficit might not be accurate, 
due to associated recall bias. Thirdly, the surgical inter-
vention could have been delayed in certain patients, due 
to a possible delay in referral or a lack of patient aware-
ness/inclination toward surgery (which are known factors 
influencing patient management in developing parts of 
the world). A larger, randomized controlled study can not 
only help us better understand the influence of these clini-
coradiological factors on neurological recovery, but could 
also help us identify the best subset of combined predic-
tors that might exert the greatest influence on neurologi-
cal recovery. We nevertheless believe that the observations 
from our current study provide insight into the clinical 
and radiological factors that can influence motor recovery 
and thereby help us in predicting outcome following mi-
crolumbar discectomy.
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