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ABSTRACT

Background: Lumbar total disc replacement (TDR) has produced results similar or superior to fusion in treating

symptomatic disc degeneration. Some patients have reported onset of leg pain early after surgery. Little information is
available specifically on this problem. The purpose of this study was to investigate the incidence of early-onset
postoperative leg pain following lumbar TDR and to describe strategies for its treatment.

Methods: The study was based on a post hoc analysis of prospectively collected adverse event data from 283
patients in the activL Food and Drug Administration investigational device exemption study. Early-onset leg pain was
defined as occurring between 0 and 4 weeks postprocedure, and the baseline visual analog scale score in the affected

leg(s) was ,25 (of 100). The treatment types these patients received were analyzed.
Results: Among 283 patients, 26 (9.2%) had an early-onset leg pain event. The majority of these events resolved

(20/26, 76.9%). Of those resolving, 55% (11/20) did so within 3 months. Most patients received at least 1 drug treatment
for leg pain (92.3%). Of those receiving drug therapy, the most common type was neurogenic (61.5%), followed by

narcotics (46.2%). Steroid use was prescribed in 30.8%. The majority of resolved cases were not on narcotics and
resolved with neurogenic drugs. Three patients went on to have surgery, none of whom benefited from it. Age, body
mass index, and baseline disability scores were predictive of time to resolution.

Conclusion: Early-onset postoperative leg pain occurred in approximately 10% of lumbar TDR patients. The
majority of events resolved, often within 3 months. Treatment with conservative care, including medication(s), was more
effective in resolving symptoms rather than surgery.

Clinical Relevance: This study provides useful information for providers and patients on the incidence,
treatment, and resolution of leg pain with onset after lumbar TDR and not related to direct neural compression
identified by imaging.

Level of Evidence: 2.

Total Disc Replacement
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INTRODUCTION

Lumbar total disc replacement (TDR) has

undergone rigorous study over the past 20 years
both in the United States and Europe, including

Investigational Device Exemption (IDE) random-
ized trials.1–5 Early results from TDR studies

demonstrated noninferiority to lumbar fusion, and
long-term follow-up suggested a lower incidence of

subsequent surgery.3,6–8 Certainly, as with interbody
fusion to treat symptomatic disc degeneration, there

is a risk of complications and adverse events (AEs)
following TDR. One of the more challenging early
postoperative events to evaluate is pain. This can be

residual pain from the original symptoms or the
onset of new symptoms related to technical aspects
of the procedure, such as malpositioned implants or
direct or indirect manipulation of neural tissue.
Investigation of such symptoms requires careful
evaluation of pain location and severity compared
with preoperative complaints, time of onset, and
sensation type. In the event of leg pain, this has been
encountered following several lumbar interbody
fusion procedures, including anterior lumbar inter-
body fusion. In a series of 44 anterior lumbar
interbody fusion patients, there was a brief com-
ment noting 2.3% of patients had ‘‘transient new
radiculopathy’’, which resolved within 6 weeks.9 A
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meta-analysis found that with the transpsoas
approach to lateral lumbar interbody fusion, the
rate of transient symptoms in the thighs/groin was
21.7%.10 The cause for these symptoms was often
attributed to psoas muscle manipulation related to
this approach. In Food and Drug Administration
(FDA) IDE trials, AE reports of various leg
symptoms occurring within 7 weeks after TDR or
fusion occurred in 10.6% to 25.0 % of patients.11,12

Unfortunately, no details of these symptoms were
provided, and there was no standardization of
wording used in event reporting. This would have
allowed investigation into whether the symptoms
were new or exacerbation of preoperative symp-
toms; there is also the possibility of a patient being
counted more than once in AE reporting of lower
extremity symptoms. To the authors’ knowledge,
there has not been a detailed analysis of the onset of
leg pain after TDR. The purpose of this study was
to determine the occurrence rate of early-onset
postoperative leg pain, investigate the course of its
resolution, investigate treatments provided, and
make recommendations for treatment of this
condition.

METHODS

Institutional Review Board approval was re-
ceived for each center participating in this FDA
IDE trial. This study is based on post hoc analysis
of data from a large randomized, multicenter trial.5

The original trial enrolled patients from 14 sites; 218
were randomly assigned to the investigational group
to receive an activL artificial disc, and 106 were
randomly assigned to the control group to receive
either ProDisc-L (Centinel Spine, West Chester, PA)
or a Charité artificial disc (Depuy Spine, Raynham,
MA; not included in the current study since no
longer available). The trial was registered on
ClinicalTrials.gov, NCT00589797, and was ap-
proved by each center’s Institutional Review Board.
All patients were treated for single-level symptom-
atic disc degeneration unresponsive to at least 6
months of nonoperative care. Detailed study inclu-
sion and exclusion criteria have been described
previously.5

The subgroup of patients studied in detail were
those who experienced early-onset postoperative leg
pain. This event was defined as a leg pain AE
reported to occur between 0 and 4 weeks post-
procedure, with or without concomitant back pain,
and located within either or both legs (i.e., ‘‘the

target leg[s]’’). For an event to be established as a
postoperative early-onset event, the baseline visual
analog scale (VAS) score in the target leg(s) needed
to be no greater than 25 (of 100).

Resolution of Leg Pain Event

The resolution date of the early-onset postoper-
ative leg pain event was captured for the analysis.
Resolution was defined as the target leg VAS pain
score being reduced to 65 points of the score
observed at baseline, and the patient needed to be
pain free for at least 12 months after the resolution
date. In cases where the follow-up VAS leg pain
scores conflicted with the resolution date noted in
the AE form, the VAS scores were used. This is
because AE reports often combined both back and
leg pain events, and it was sometimes uncertain
which event the resolution date referred to. In rare
cases, a patient’s VAS leg pain score appeared low
throughout the onset date to resolution time. It such
cases, it is possible that the leg pain event occurred
and resolved over a brief time, and this was not
captured in regularly scheduled assessments. In
these instances, time to resolution was assumed to
be 1 day. Patients were classified as ‘‘unresolved’’ if
there was no evidence that the target leg VAS score
complied with the definition for ‘‘resolved’’, includ-
ing cases where there was loss to follow-up and VAS
pain scores were missing at later time points.

Treatments

Four general categories of treatment were as-
sessed in this study: (1) medications (eg, narcotics,
muscle relaxants, analgesics, neurogenic drugs [eg,
Neurontin], nonsteroidal anti-inflammatory drugs,
and steroids), (2) conservative treatments (eg,
acupuncture, physiotherapy, exercise, support hose,
massage, and lumbar brace), (3) injection (ie,
epidural, facet joint injection, [selective] nerve root
block, and facet trigger injection), and (4) surgical
treatment (ie, fusion surgery). Patients could have
received multiple treatment types as well as multiple
treatments within any one type. Postoperative
medications prescribed on the day of the procedure
were not counted as treatment for the leg pain event
unless there was evidence that these treatments
persisted for/during the leg pain event. If a
treatment was prescribed for low back pain during
the timing of the leg pain event, it was assumed that
this benefitted the coinciding leg pain condition. If a
new treatment started/occurred after the leg pain
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resolution date, this was not counted as therapy for
the leg pain event. All treatments prescribed during
the leg pain event were assumed to be consumed/
used unless there was evidence to the contrary.

Data Collection

Baseline variables of age, body mass index (BMI),
gender, pain medication use (ie, current versus
never), index level (L5-S1, L4-L5), baseline Oswes-
try Disability Index (ODI) scores, disc height and
angle, and baseline VAS scores (back and leg),
blood loss during the TDR procedure, and proce-
dure duration were extracted. VAS leg pain scores
were assessed at baseline, 6 weeks, and 3, 6, and 12
months and annually thereafter (up to 7 years, if
available). Also, treatment types used for the leg
pain event were retrieved from AE and serious
adverse event reports as well as from the medica-
tions data. These data sources helped to determine
time to resolution, whether the event was serious,
the target leg, and the AE code/description. In some
cases, a serious adverse event form was filed, from
which detailed data were used to supplement
information available for resolution dates, treat-
ments, and possible confounding variables.

Statistical Analysis

Descriptive statistics were used to summarize
frequency of early-onset postoperative leg pain,
resolution status, leg pain location (right, left, both),
classification (serious or nonserious), timing of
resolution, and types of treatments provided.
Categorical data were reported as frequencies and
percentages. Fisher’s exact tests were used to assess
for differences between treatments and resolution
status (categorical data). Logistic regression models
were used to assess for associations between
treatment combinations and likelihood of leg pain
resolution, while Cox proportional hazards models
were used to assess for associations between
treatment combinations and time to resolution.
These analyses were adjusted for baseline VAS pain
severity. Univariate logistic regression analyses were
conducted to assess predictors of experiencing early-
onset leg pain post-TDR. A univariate Cox
proportional hazards model was used to assess
predictors of resolution time. Overall, the last
follow-up date was used to calculate the time to
event for patients with unresolved early-onset leg
pain. Statistical significance was set at P , .05 for
all analyses.

Figure 1. Patient-level summary for timing of early-onset leg pain, resolution time, resolution status, and depiction of visual analog scale (VAS) leg pain severity over

study time frame.
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RESULTS

Of the 283 patients, 26 patients (9.2%) had early-
onset postoperative leg pain. Of these 26 patients, the
location of the leg pain was in the left leg in 9 patients
(34.6%), right leg in 10 (38.5%), and both legs in 7
patients (26.9%). The majority of leg pain events
(73.1%, 19/26) were classified as nonserious. The
event resolved in 76.9% (20/26) of patients. In 11 of
the 20 patients with resolution, 55.0% (11/20)
resolved within 3 months of onset. Figure 1 provides
a summary of leg pain onset times, resolution times (if
resolved), and a depiction of the VAS leg pain severity
scores over time for the target leg. Among the 26
patients with post-TDR leg pain onset, 6 (23.1%) had
lumbar spine surgery prior to the TDR procedure.
These were all discectomy and/or laminectomy.

Almost all patients, 92.3%, were treated with at
least 1 drug for their leg pain , 46.2% received
conservative therapy (eg, physiotherapy, massage,
acupuncture, support hose), and just over one third
received injection and/or surgical therapy (eg, nerve
blocks, fusion, epidural, facet trigger injection). Of
those receiving drug therapy, the most common type
prescribed was neurogenic (61.5%) followed by
narcotics (46.2%). The most common neurogenic
drug prescribed was Lyrica, and other neurogenic
drugs (eg, Neurontin) were occasionally prescribed
in conjunction. Steroid use, most commonly a
Medrol dose pack, was prescribed in 30.8% of
cases. Analgesics were rarely used (3.8%). For
further details of the treatment categories and drug
treatment types, see Tables 1 and 2.

For conservative therapy, drugs, and injection

treatment categories, there was no statistically

significant association between resolution status

and the presence/absence of specific treatment type

(Tables 3 and 4). None of the 3 patients who

underwent surgery experienced leg pain resolution.

There were no statistically significant associations

between drug therapy type/class and resolution

status, with the exception of muscle relaxants. In

this case, 86.4% (19/22) who were not treated with

muscle relaxants resolved their leg pain (P ¼ .03).

Interestingly, of those not using narcotics, 85.7%

(12/14) had leg pain resolution. Also, the majority of

resolved status patients were not on narcotics (12/20

or 60%). Interestingly, this relationship flipped with

neurogenic drugs, whereby the majority of patients

resolving used neurogenic drugs (60%) versus those

who did not use neurogenic drugs (40%).

Table 2. Drug types used for early-onset postoperative leg pain.

Drug Type
a

% of Patients (n/N)

None 7.7 (2/26)
Analgesic (eg, salicylate) 3.8 (1/26)
Muscle relaxant (eg, Soma) 15.4 (4/26)
Narcotic (eg, OxyContin) 46.2 (12/26)
Neurogenic (eg, Neurontin) 61.5 (16/26)
NSAID (eg, ibuprofen) 30.8 (8/26)
Steroid (eg, Medrol Dosepak) 30.8 (8/26)

Abbreviation: NSAID, nonsteroidal anti-inflammatory drug.
aEach patient may have been given more than one drug type.

Table 1. Treatment types used for early-onset postoperative leg pain.

Treatment Type
a

% of Patients (n/N)

No treatment 3.8 (1/26)
Conservative (eg, physiotherapy) 46.2 (12/26)
Drug (eg, narcotic, steroid) 92.3 (24/26)
Injection (eg, nerve block, epidural) 26.9 (7/26)
Surgical (eg, fusion) 11.5 (3/26)

aEach patient may have been given more than one treatment type.

Table 3. Treatment category use by resolution status.

Treatment

Type and

Status

Sample by

Treatment

Status

Not Resolved,

% (n/N),
n ¼ 6

Resolved,

% (n/N),
n ¼ 20 P Value

Conservative .365
No 14 14.3 (2/14) 85.7 (12/14)
Yes 12 33.3 (4/12) 66.7 (8/12)

Drug 1.00
No 2 0.0 (0/2) 100 (2/2)
Yes 24 25.0 (6/24) 75 (18/24)

Injection 1.00
No 19 21.1 (4/19) 78.9 (15/19)
Yes 7 28.6 (2/7) 71.4 (5/7)

Surgical .008
a

No 23 13.0 (3/23) 87 (20/23)
Yes 3 100 (3/3) 0.0 (0/3)

aText.

Table 4. Drug category use by resolution status.

Treatment

Type and

Status

Sample by

Treatment

Status

Not Resolved,

% (n/N)
(n ¼ 6)

Resolved,

% (n/N)
(n ¼ 20) P Value

Analgesic .23
No 25 20 (5/25) 80 (20/25)
Yes 1 100 (1/1) 0.0 (0/1)

Muscle relaxant .03
No 22 13.6 (3/22) 86.4 (19/22)
Yes 4 75 (3/4) 25.0 (1/4)

Narcotic .36
No 14 14.3 (2/14) 85.7 (12/14)
Yes 12 33.3 (4/12) 66.7 (8/12)

Neurogenic 1.00
No 10 20 (2/10) 80 (8/10)
Yes 16 25 (4/16) 75 (12/16)

NSAID .33
No 18 16.7 (3/18) 83.3 (15/18)
Yes 8 37.5 (3/8) 62.5 (5/8)

Steroid .33
No 18 16.7 (3/18) 83.3 (15/18)
Yes 8 37.5 (3/8) 62.5 (5/8)

Abbreviation: NSAID, nonsteroidal anti-inflammatory drug.
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More than half of the patients were on at least 2
types of drug therapies (53.8%) and tried at least 2
treatment types (eg, conservative and drug therapy)
(65.4%) (Tables 5 and 6). Logistic regression
analyses demonstrated that the only variable
significantly predicting the presence of leg pain

events was baseline VAS leg pain score (ie, for the
nontarget leg); the higher the baseline pain level, the
greater the chance of experiencing early-onset
postoperative leg pain (odds ratio [OR] ¼ 1.02;
95% confidence interval [95% CI]: 1.001 to 1.035; P
¼ .038) (Figure 2). Additional information on the

Table 5. Number of unique treatment typesa received and resolution status.

Number of Unique

Treatments Received

Sample by Number of

Treatments Received

% of Patients (n/N) of the
Total Study Sample % Unresolved % Resolved

Odds Ratio for Association

(95% CI)

0 1 3.8 (1/26) 0 (0/1) 100 (1/1) 0.074 (0.007 to 0.747)
1 8 30.8 (8/26) 0 (0/8) 100 (8/8)
2 13 50 (13/26) 23.1 (3/13) 76.9 (10/13)
3 4 15.4 (4/26) 75 (3/4) 25 (1/4)

Abbreviation: 95% CI, 95% confidence interval.
aTreatment types include conservative therapy, drugs, injections, or surgeries.

Table 6. Number of unique drug types received and resolution status.

Number of Unique

Drug Types Received

Sample by Number of

Drug Types Received

% of Patients (n/N) of the
Total Study Sample % Unresolved % Resolved

Odds Ratio for Association

(95% CI)

0 2 7.7 (2/26) 0 (0/2) 100 (2/2) 0.32 (0.12 to 0.88)
1 10 38.5 (10/26) 10 (1/10) 90 (9/10)
2 7 26.9 (7/26) 14.3 (1/7) 85.7 (6/7)
3 3 11.5 (3/26) 33.3 (1/3) 66.7 (2/3)
4 4 15.4 (4/26) 75 (3/4) 25 (1/4)

Abbreviation: 95% CI, 95% confidence interval.

Figure 2. Logistic regression analysis results for predictors of early-onset postoperative leg pain in the total disc replacement dataset.
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relationship between baseline VAS scores and the

number of medication types received and the

number of treatment types received are provided

in Figures 3 and 4, respectively. When assessing only

the sample of patients with early-onset postopera-

tive leg pain events, baseline BMI (OR¼ 0.88; 95%

CI: 0.79 to 0.98; P ¼ .02), baseline age (OR ¼ 0.95;

95% CI: 0.896 to 0.998; P ¼ .04), and baseline

Oswestry disability index score (OR ¼ 0.956; 95%

CI: 0.915 to 0.999; P ¼ .046) were found to be

significant predictors of time to resolution. Specif-

ically, the higher the baseline BMI, age, and

disability score, the longer the time to resolution

(Figure 5).

DISCUSSION

This study found that early-onset postoperative

leg pain occurred in 9.2% of the TDR study

population. The majority of the events were

classified as nonserious and resolved within the

study duration. Drug therapy and conservative

treatments were commonly prescribed for the leg

pain events, and just over one-third received

injections including nerve blocks.

Narcotics were not necessary to resolve the

postoperative leg pain events. In 85.7% of patients

not taking narcotics, their leg pain resolved. Most

clinicians recommend reducing or discontinuing

narcotic use as early as 2 weeks after lumbar TDR

surgery.13 This is consistent with concerns regarding

the growing global opioid epidemic and associated

mortality and morbidity impacts, including psycho-

logical addiction, physical dependence, immunolog-

ical suppression, and emergency room visits.14–17

Across the entire study population, fewer than 2%

of patients remained on narcotic treatment at 5

years after surgery.13,18 While most cases of early-

onset leg pain resolved with conservative therapy,

some events did not resolve or took longer to do so,

despite these patients generally receiving a greater

number of treatments. These patients may have had

a more severe case of leg pain that may be difficult

to resolve and/or have a concurrent source of pain.

Some of these factors were difficult to elucidate

from the study given absence or inconsistencies in

Figure 3. Distribution of baseline visual analog scale (VAS) scores stratified by number of drug types received.
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some historical, baseline, and follow-up data.
Higher BMI, increased age, and higher disability
scores were found to be significantly associated with
a longer resolution time. The basis of the association
is not clear but may be related to more severe
degeneration with associated disc space collapse,
greater pain sensitivity, or impact related to higher
disability scores.

The cause of early-onset postoperative leg pain
could not be discerned in the current study. It may
be speculated that it is related to distraction of the
disc space, as muscles and ligaments stretch to
accommodate restored disc height and adjust to the
new space.19 Such pain is rarely accompanied by
neurologic deficit. It is important to differentiate the
transient pain addressed in the current study from
functionally debilitating continuous neuropathic
pain, which may be associated with neurological
deficits that are etiologically diverse, having trau-
matic, vascular, neoplastic, or immunological caus-
es.16,20 Such neuropathic pain may sometimes be
referred to as postlumbar surgery syndrome and
may include physical trauma, psychological prob-

lems, residual stenosis, synovial cysts, facet syn-
drome, epidural fibrosis, and more.16,21–23 There
may be suspicion that the onset of leg pain after
TDR surgery may be greater among patients who
had undergone previous lumbar spine surgery
through a mechanism of scar tissue compressing
neural tissue. However, in the current study, 23.1%
of patients with new onset pain had previously
undergone prior lumbar spine surgery. This was
comparable to the rate of 24.5% of patients with
prior lumbar surgery in the overall FDA IDE trial
from which the subset of patients who were the
focus of the current study were derived.24

The strength of the current study is that it was
based on data collected from an IDE trial, which
included a systematic assessment of AEs. This
allowed for detailed analysis of the occurrence,
resolution, and management of postoperative
events. Despite this, there were some important
limitations. The study focused on only a small
subpopulation of 26 patients of the trial population,
which presented restrictions for statistical analyses.
Data were collected through AE reporting mecha-

Figure 4. Distribution of baseline visual analog scale (VAS) scores stratified by number of treatment types (ie, drug, conservative, injection, surgery) received.
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nisms, which were not necessarily standardized
across all sites with respect to screening of
postoperative leg pain. Sometimes, treatment-spe-
cific information, such as dose, frequency, and
duration of medication use, was often not reported
consistently and thus could not be analyzed
thoroughly. To help minimize presence of missing
information or inaccuracies, all data reported in AE
forms were crosschecked with data gathered from
routine study follow-up visits. Finally, some infer-
ences were required to determine resolution dates
for leg pain events as this information was
sometimes not clearly stipulated. We used a
combination of notes reported in AE forms as well
as assessment of changes in VAS leg pain score over
time to help verify these assessments.

Based on experience, our clinic has developed a
protocol for the diagnosis and treatment of post-
operative leg pain after lumbar TDR, which bears
several similarities to the findings of the current
study. While the treatment regimen has not been
verified in a rigorous study format, the authors
thought it may provide a helpful framework for

others treating patients with this condition. Patients
with postoperative leg pain are first assessed for
neurological deficit. If present, a computed tomog-
raphy scan is obtained to rule out bony stenosis or
soft tissue compression. In the absence of neuro-
logical deficit, a doppler ultrasound may be
obtained if the pain is constant to rule out deep
vein thrombosis. A drug therapy regimen, depend-
ing on level of pain and responsiveness, is typically
administered. The majority of patients are managed
with a steroid (ie, Medrol), drugs such as Lyrica and
Neurontin, or a combination thereof. To manage
mild or moderate pain levels when not controlled by
standard analgesics, steroids may be prescribed. For
more severe pain or those not responding to
steroids, a dose escalation protocol may be adopted
involving neurogenic drugs until pain is controlled
(eg, 300 mg of Neurontin once per day and slowly
increasing to 3 times per day or a maximum of 600
mg 4 times daily). If Cymbalta is not contraindi-
cated, it may be prescribed in conjunction with
Neurontin to induce synergistic effects. In the worst-
case scenario with no relief for intractable incapac-

Figure 5. Logistic regression analysis results for predictors of time to resolution in early-onset leg pain patients.
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itating pain, a temporary spinal cord stimulator may
be considered. Our protocol does not recommend
posterior decompression, except in the case of
unrecognized foraminal spurs documented by a
computed tomography scan. As in the current
study, drug types not recommended as part of our
protocol, including narcotics, nonsteroidal anti-
inflammatory drugs, and muscle relaxants, appeared
to be associated with a low probability of resolving
early-onset pain.

CONCLUSION

Early-onset postoperative leg pain occurs in
approximately 10% of patients following lumbar
TDR. While these patients may present with
clinically relevant pain, a course of medication,
with or without other conservative treatment, is
often recommended. Operative intervention is not
recommended unless objective compression is iden-
tified, but this is extremely rare and unlikely. In the
majority of patients, the new postoperative leg pain
resolved within a few months. Patients with certain
comorbidities, including higher BMI and age, may
require a longer time to resolution.
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