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Abstract The aim of our prospective non-randomized

clinical study was to analyze operative data, short-term

results, safety, efficacy, complications, and prognostic

factors for single-level total lumbar disc replacement

(TLDR), and to compare results between different levels

(L4–L5 vs. L5–S1). Thirty-six patients with single-level

L4–L5 or L5–S1 TLDR, with 1-year minimum follow-up

(FU), had complete clinical [SF36, visual analog scale

(VAS), Oswestry Disability Index (ODI)] and radiological

data, and were included in our study. Mean FU was

38.67 ± 17.34 months. Replaced level was L4–L5 in 12

(33.3%) cases, and L5–S1 in 24 cases (66.7%). Mean age

at diagnosis was 41.17 ± 7.14 years. 24 (66.7%) were

females and 12 (33.3%) were males. Statistical analyses

were assessed using t tests or Mann–Whitney test for

continuous variables and Chi-square test or Fisher’s exact

test analyses for categorical variables. Univariate linear

regression and binary logistic regression analyses were

utilized to evaluate the relationship between surgical out-

comes and covariates (gender, age, etiology, treated level,

pre-operative SF36, ODI, and VAS). Mean operative time

was 147.03 ± 30.03 min. Mean hospital stay was

9.69 ± 5.39 days, and mean return to ambulation was

4.31 ± 1.17 days. At 1-year FU, patients revealed a sta-

tistical significant improvement in VAS pain (P = 0.000),

ODI lumbar function (P = 0.000), and SF36 general health

status (P = 0.000). Single-level TLDR is a good alterna-

tive to fusion for chronic discogenic low back pain

refractory to conservative measures. Our study confirmed

satisfactory clinical results for monosegmental L4–L5 and

L5–S1 disc prosthesis, with no difference between the two

different levels for SF36 (P = 0.217), ODI (P = 0.527),

and VAS (P = 0.269). However, replacement of the L4–

L5 disc is affected by an increased risk of complication

(P = 0.000). There were no prognostic factors for intra-

operative blood loss or return to ambulation. Age

(P = 0.034) was the only prognostic factor for operative

time. Hospital stay was affected by level (P = 0.036) and

pre-op VAS (P = 0.006), while complications were

affected by the level (P = 0.000) and pre-op ODI

(P = 0.049). Complete pre-operative assessment (in par-

ticular VAS and ODI questionnaires) is important because

more debilitating patients will have more hospital stay and

higher complications or complaints. Patients had to be

informed that complications, possibly severe, are particu-

larly frequent (80.6%).
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Introduction

Discogenic low back pain, or symptomatic degenerative

disc disease (DDD), is an endemic problem in our modern

society, with important social and economic impacts [40].

Currently, there are no clear and consensual guidelines for

the treatment of DDD, which usually responds well to

various conservative treatment measures [1, 24]. Pharma-

cological, physical, massage, and manipulation therapies

R. Sinigaglia (&) � S. Costantini � U. Nena � F. Finocchiaro �
D. A. F. Monterumici

Spine Surgery Unit, Padua University Hospital,

via Giustiniani 1, 35128 Padua (Pd), Italy

e-mail: sinigagliariccardo@siot.it

URL: www.ortopediaveneto.com; www.scoliosipadova.net

A. Bundy

Boston Ultrasound Consult Pc, Brookline, Boston, MA, USA

123

Eur Spine J (2009) 18 (Suppl 1):S52–S63

DOI 10.1007/s00586-009-0992-y



are associated with good clinical results [12]. Only after

conservative measures fail, and with persistent and

increasing pain, is surgery usually necessary [24].

When surgical treatment is necessary, the gold standard

technique is spinal fusion. Segmental fusion has had good

clinical results, but with significant medium- and long-

term-related problems, such as pseudoarthrosis (*16%),

pain at the iliac crest donor site (*9%), junctional

pathology (up to 79% at 10 years), reduction in lumbar

motion, and modification of sagittal balance [7, 11, 24, 26,

30–32, 50]. From a recent meta-analysis [8], clinical suc-

cess for fusion is *75%, but with a very slow return to

normality and work (mean of 15 months).

Disc arthroplasty, or total lumbar disc replacement

(TLDR), after more than 15,000 implantations in over 30

countries worldwide [42], has been shown to be a good

alternative to fusion. Its aim is to preserve motion, espe-

cially in adjacent levels. After initially encouraging TLDR

reports [2, 14, 15, 18, 25, 37, 54], there is now a more

reflexive approach to this procedure. With medium-term

follow-up (FU) results, it is clear that correct indications

and contraindications are the keys for the success [6, 20,

21, 35, 44, 53, 55].

Results of TLDR from clinical trials are not clear.

Efficacy of single-level TLDR is well known, with good or

excellent results in 75–99% of cases [2, 4, 6, 17, 18, 36, 38,

54]. The indications for multilevel TLDR are still contro-

versial. In some prospective clinical studies, randomized

and non-randomized [28, 49, 55], double-level TLDR has

similar results to single-level TLDR, while arthroplasty

of three or more levels has not. In others studies,

monosegmental TLDR has better clinical results than

multisegmental TLDR [13, 14, 16, 45, 46], with results

being influenced by age [45] and the replaced disc’s motion

[13]. Even the use of disc arthroplasty below a long-seg-

ment fusion is a viable alternative to performing fusion to

additional motion segments, with good clinical results in

some case reports [3, 33].

To our knowledge, only one previous study [46] had

specifically focused on different outcomes of TLDR for

different levels, showing better results for L4–L5 versus

L5–S1. Little is still known about prognostic factors.

The aim of our prospective non-randomized clinical

study was to analyze operative data, short-term results,

safety, efficacy, complications, and prognostic factors for

single-level TLDR, and to compare results between dif-

ferent levels (L4–L5 vs. L5–S1).

Materials and methods

Between October 2001 and December 2006, 84 TLDRs in

62 patients were performed in our Spine Unit. Data were

prospectively collected and patient selection was non-ran-

domized. The minimum FU period was 12 months, mean

38.67 ± 17.34 months. Five patients were lost to FU.

Among the remaining 57 patients (with 78 TLDRs), 36

(63.2%) were mono-level, 15 (26.4%) bi-level, 3 (5.2%)

triple-level, 3 (5.2%) hybrids. Therefore, 36 of 62 patients

were qualified for this study. The replaced level was L4–L5

in 12 (33.3%) cases, and L5–S1 in 24 cases (66.7%).

Medical indications were DDD (52.8%), post-discectomy

Table 1 Demographic, pre-

operative and peri-operative

data in the overall population,

and in the two groups L4–L5

(A) and L5-S1 (B)

Comparative statistical analysis

(P) was performed between the

two groups A and B

Total (n = 36) L4–L5 (n = 12) L5–S1 (n = 24) P value

Etiology

Degenerative 19 (52.8%) 58.3% (7) 50.0% (12) 0.132

Post-discectomy 13 (36.1%) 25.0% (3) 41.7% (10) 0.429

Disc herniation 2 (5.55%) 0.0% (0) 8.3% (2) –

Junctional pathology 2 (5.55%) 16.7% (2) 0.0% (0) –

Prosthesis

Maverick 19 (52.8%) 58.3% (7) 50.0% (12) 0.384

Prodisc 17 (47.2%) 41.7% (5) 50.0% (12) 1.000

Gender (M) 12 (33.3%) 50.0% (6) 25.0% (6) 0.253

Age (years) 41.17 ± 7.14 41.20 ± 7.79 0.962

Operative time (min) 147.03 ± 30.03 155.00 ± 35.99 141.43 ± 27.26 0.332

Intraoperative blood loss (ml) 284.72 ± 284.06 313 ± 162 212 ± 89 0.075

Return to ambulation (days) 4.31 ± 1.17 4.82 ± 1.25 4.13 ± 1.01 0.604

Hospitalization stay (days) 9.69 ± 5.39 10.45 ± 5.47 8.22 ± 5.57 0.185

Pre-op SF36 37.17 ± 13.64 37.27 ± 12.75 36.09 ± 14.10 0.650

Pre-op VAS 75.00 ± 15.31 74.55 ± 15.88 75.22 ± 15.99 0.883

Pre-op ODI 40.72 ± 15.54 38.55 ± 16.15 40.96 ± 13.18 0.594

Subjective satisfaction 28 (77.78%) 9 (75%) 19 (79.1%) 0.687

Eur Spine J (2009) 18 (Suppl 1):S52–S63 S53

123



disc disease (36.1%), disc herniation (5.55%), and junc-

tional pathology (5.55%; Table 1). All patients had failure

of conservative treatment for at least 6 months (lumbo-

sacral brace, drugs, and various kind of manipulative or

physical therapies). The mean age at diagnosis was

41.17 ± 7.14 years (range 30–56). 24 (66.7%) were

females and 12 (33.3%) were males. The first 17 (47.2%)

prostheses were Prodisc-II (Synthes Spine Solutions Inc.,

West Chester, PA, USA), the other 19 (52.8%) were

Maverick (Medtronic Sofamor Danek, Memphis, TN,

USA).

Pre-operative diagnosis was made on the basis of the

clinical signs and symptoms, lumbar standard and dynamic

radiographs (anteroposterior, lateral, flexion and extension

view images), lumbar MRI, lumbar CT with 3D recon-

struction of abdominal prevertebral vessels. Discography

was rarely used, since its role is debated and unclear in

identifying discogenic pain and in distinguishing symp-

tomatic level [5, 9, 10]. Pre-operative clinical question-

naires examined health status (SF36), lumbar function

(Oswestry Disability Index, ODI), and lumbar visual ana-

log scale (VAS) pain. Operative and rehabilitative data

collected were operating time, intraoperative blood loss,

return to ambulation, duration of hospitalization. Demo-

graphic and peri-operative clinical data are summarized in

Table 1.

Clinical questionnaires (SF36, ODI, VAS), complica-

tions, and lumbar standard and dynamic radiographs were

used to collect data in the post-operative period (1, 3, 6,

12 months). Patient data were accumulated prospectively,

and retrospectively reviewed.

Patients were divided into two groups: (A) L4–L5

TLDR and (B) L5–S1 TLDR. The two groups were com-

pared by demographic data (Table 1), clinical question-

naires’ results (Tables 1, 2, 3; Fig. 1), and complications

(Table 4).

The presence of prognostic factors (such as gender, age,

etiology, level, and clinical questionnaires) in TLDR was

studied using covariates as operating time, intraoperative

blood loss, time to return to ambulation, hospitalization

duration, and complications (Table 5).

No comparison was made between the two different

prostheses.

Continuous data were expressed as mean ± SD, cate-

gorical variables as percentage. Differences between trea-

ted levels were assessed using t tests or the Mann–Whitney

test for continuous variables and Chi-square test or Fisher’s

exact test analysis for categorical variables.

Univariate linear regression and binary logistic regres-

sion analyses were utilized to evaluate the relationship

between surgical outcomes and covariates. The statistical

significance was defined as P value \ 0.05.

Analyses were performed using STATA statistical

software, version 9.2 (Stata Corp.), and SPSS version 12.0

(SPSS Inc.).

Results

Overall results are outlined in Table 1. A total of 36

TLDRs were performed in a period of 63 months. 12

(33.3%) were in L4–L5, 24 (66.7%) in L5–S1. The

majority of operations were performed for DDD (52.8%),

sometimes for post-discectomy disc disease (36.1%), rarely

for disc herniation (5.55%), or junctional pathology

(5.55%). Patients were more frequently females (66.7%).

Mean FU period was 38.67 ± 17.34 months (range 12–

68). Mean operative time was 147.03 ± 30.03 min (range

85–210). There was no difference between the two groups

(P = 0.332). Mean intraoperative blood loss was

284.72 ± 284.06 ml (range 100–1,800). There was no

difference between the two groups (P = 0.075). Mean

return to walk was 4.31 ± 1.17 days (2–8). There was no

difference between the two groups (P = 0.604). Mean

Table 2 Comparison of clinical questionnaires between pre-operative and 1-year follow-up in the overall population and in the two groups

Total P value L4–L5 P value L5–S1 P value

Pre 1 year Pre 1 year Pre 1 year

SF36 37.17 ± 13.64 60.17 ± 20.84 0.000 37.27 ± 12.75 58.20 ± 22.55 0.003 36.09 ± 14.10 59.96 ± 21.09 0.000

VAS 75.00 ± 15.31 35.00 ± 26.87 0.000 74.55 ± 15.88 35.00 ± 27.18 0.001 75.22 ± 15.99 35.87 ± 28.31 0.000

ODI 40.72 ± 15.54 22.23 ± 15.18 0.000 38.55 ± 16.15 22.20 ± 17.90 0.002 40.96 ± 13.18 21.91 ± 14.57 0.000

There was statistical significant improvement of quality of life, lumbar pain, and lumbar function in all groups

Table 3 Comparison of clinical questionnaires’ improvement

between pre-op and 1-year FU in the two groups

DRelative L4–L5 L5–S1 P value

SF36 -0.43 ± 0.53 -0.74 ± 0.66 0.217

VAS 0.64 ± 0.31 0.49 ± 0.32 0.269

ODI 0.53 ± 0.34 0.44 ± 0.30 0.527

There was no statistical significant difference in SF36 health status

(P = 0.217), in VAS lumbar pain (P = 0.269), and in ODI lumbar

function (P = 0.527)
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hospital stay was 9.69 ± 5.39 days (range 6–37). There

was no difference between the two groups (P = 0.185;

Table 1). Overall subjective patient satisfaction rate was

77.78% (28/36). It was slightly higher in L5–S1 group

(79.1%) versus L4–L5 (75%), but with no statistical sig-

nificance difference (P = 0.687).

Mean pre-operative SF36 was 37.17 ± 13.64 (17–71).

There was no difference between the two groups

(P = 0.650). Mean pre-operative VAS was 75.00 ± 15.31

(40–100). There was no difference between the two groups

(P = 0.883). Mean pre-operative ODI was 40.72 ± 15.54

(10–80). There was a statistical significance improvement

of SF36, VAS, and ODI after 1-year FU both in L4–L5

(P = 0.003 for SF36, P = 0.002 for ODI, P = 0.001 for

VAS) and in L5–S1 (P = 0.000 for SF36, P = 0.000 for

ODI, P = 0.000 for VAS) groups (Table 2). There was no

statistical difference between improvement after 1-year FU

of SF36 (P = 0.217), ODI (P = 0.527), and VAS

(P = 0.269) between the two study groups (Table 3;

Fig. 1).

All complications are outlined in Table 4. In our overall

population, the complication rate was 80.6%. Complica-

tions were particularly frequent in L4–L5 group (125%)

than in L5–S1 group (58.3%) (P = 0.000). This was espe-

cially for complications secondary to the surgical approach

(58.33% in L4–L5 vs. 12.5% in L5–S1) than for compli-

cation due to the prosthesis itself (66.7 vs. 45.8%; Table 4).

Complications secondary to the surgical approach were

laparoceles (4/36 = 11.1%), persistent abdominal pain

(2/36 = 5.55%), wound dehiscence (2/36 = 5.55%),

Table 4 Complications in our single-level total lumbar disc

replacement groups

Single-level TLDR

Total

(n = 36)

L4–L5

(n = 12)

L5–S1

(n = 24)

Surgical approach

Laparocele 4 2 2

Persistent abdominal pain 2 2 –

Wound dehiscence 2 2 –

Transitory urinary disorders 1 1 –

L1–L2 paresthesia 1 – 1

Prosthesis

Junctional pathology

Surgery 1 – 1

No 4 3 1

Persistent radiculitis

Surgery 4 1 3

No 2 1 1

Facet degeneration 4 1 3

Persistent back pain 2 1 1

Transitory radiculitis 2 1 1

Ossification – – –

29 15 14

80.6% 125.0% 58.3

P = 0.000

Mean complication rate (80.6%) was frequent. Complications were

particularly frequent in L4–L5 group (125%) than in L5–S1 group

(58.3%) (P = 0.000)
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Fig. 1 Comparison of SF36, VAS, and ODI clinical outcomes for

TLDR at different levels. a SF36 health survey (P = 0.003 in L4–L5,

and P = 0.000 in L5–S1), b ODI lumbar function (P = 0.002 in L4–

L5, and P = 0.000 in L5–S1), and c VAS lumbar pain (P = 0.001 in

L4–L5, and P = 0.000 in L5–S1) showed statistical significant

improvement between pre-op and 1-year FU. There was no statistical

significance difference between the two different levels (P = 0.217

for SF36; P = 0.527 for ODI; P = 0.269 for VAS)
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transitory urinary disorder (1/36 = 2.8%), and L1–L2 par-

esthesia (1/36 = 2.8%). Between the complications related

to the prosthesis itself, frequents were persistent radiculitis

(6/36 = 16.7%, 66.7% of which need surgery), junctional

pathology (5/36 = 13.9%, 80% of which need surgery), and

posterior facet degeneration (4/36 = 11.1%); less frequents

were persistent back pain (2/36 = 5.55%) and transitory

radiculitis (2/36 = 5.55%). There was no case of ossifica-

tion of the replaced disc, both for L4–L5 and for L5–S1.

Regarding the study (Table 5) on prognostic factors

(gender, age, etiology, level, and pre-operative clinical

questionnaires) for surgical outcomes (operating time,

intraoperative blood loss, return to walk, hospitalization’s

length) and complications, our data outlined that operative

time was influenced by age (P = 0.034), but not by gender

(P = 0.095), etiology (P = 0.280), level (P = 0.280), pre-

op SF36 (P = 0.584), pre-op ODI (P = 0.304), and pre-op

VAS (P = 0.585). Intraoperative blood loss was not

influenced by gender (P = 0.316), age (P = 0.843), eti-

ology (P = 0.185), level (P = 0.055), pre-op SF36

(P = 0.519), pre-op ODI (P = 0.170), and pre-op VAS

(P = 0.479). Even return to walk was not influenced by

gender (P = 0.181), age (P = 0.727), etiology

(P = 0.667), level (P = 0.725), pre-op SF36 (P = 0.588),

pre-op ODI (P = 0.368), and pre-op VAS (P = 0.133).

Hospital stay was influenced by level (P = 0.036) and pre-

op VAS (P = 0.006), while not by gender (P = 0.822),

age (P = 0.368), etiology (P = 0.353), pre-op SF36

(P = 0.591), and pre-op ODI (P = 0.426). Complications

were influenced by level (P = 0.000) and pre-op ODI

(P = 0.049), not by gender (P = 0.134), age (P = 0.609),

etiology (P = 0.737), pre-op SF36 (P = 0.112), and pre-

op VAS (P = 0.067; Table 5).

Discussion

Disc arthroplasty (TLDR) had been shown to be a good

alternative to fusion, but long-term prospective results are

lacking. In particular, efficacy of single-level TLDR is well

known, with good or excellent results in 75–99% of cases

[2, 4, 6, 17, 18, 36, 38, 54]. Success of the procedure

depends upon following the proper indications and con-

traindications [6, 20, 21, 35, 44, 53, 55].

The indication for TLDR [3, 19, 34] is DDD in one or two

discs (usually not more than two) between L3 and S1 in

patients 18–60-year old with back pain/sciatica, after at least

6 months of conservative treatment failure. This should be

associated with lumbar functional impairment over 40%

(ODI [ 20/50), integrity of posterior facets, and radio-

graphic evidence of DDD (reduction of disc height [2 mm;

segmental instability with [3 mm translation or [5� angu-

lation, but no slipping; external disc thickened or dehydrated

on MRI; contained disc herniation; disc vacuolization).

Contraindications [3, 19, 34] can be general or specific.

General contraindications include osteoporosis or other

osteopathies that reduce load-bearing capacity of the ver-

tebral body endplate (increased risk of implant slipping);

spinal deformities (degenerative scoliosis, kyphosis, etc.);

vertebral fracture; suspected vertebral tumor; acute or

chronic spondylodiscitis; general signs of infection; fever;

pregnancy; severe obesity; foreign body sensitivity to

implant materials; dependency on pharmaceutical drugs;

drug abuse or alcoholism; psychosocial factors; previous

major abdominal surgery or irradiation.

Specific contraindications include: disc herniation with

predominant radicular symptoms or signs of cauda equina

compression; posterior element pathology (such as

Table 5 Univariate linear regression and binary logistic regression

were utilized to evacuate the relationship between surgical outcomes

(operative time, intraoperative blood loss, return to walk, hospital

stay, and complications) and covariates as gender, age, etiology,

treated level, pre-op values of SF36, VAS, and ODI

Operative time (min) Intraoperative blood loss (ml) Return to walk (days) Hospital stay (days) Complications (n/%)

Mean ± SD 147.03 ± 30.03 284.72 ± 284.06 4.31 ± 1.17 9.69 ± 5.39 29/36 (80.6%)

B P value B P value B P value B P value B P value

Gender (F) -21.3 0.095 -52.78 0.316 -0.71 0.181 0.58 0.822 0.24 0.134

Age 12.03 0.034 4.76 0.843 0.08 0.727 -0.99 0.368 2.00 0.609

Etiology 14.37 0.280 -73.02 0.185 -0.24 0.667 2.53 0.353 1.39 0.737

Level (L5–S1) -14.45 0.280 -100.7 0.055 -0.21 0.725 -5.38 0.036 1.29 0.000

Pre-op SF36 0.31 0.584 1.45 0.519 -0.01 0.588 0.03 0.591 0.94 0.112

Pre-op VAS -0.21 0.585 1.18 0.479 0.03 0.133 0.20 0.006 1.08 0.067

Pre-op ODI -0.46 0.304 -2.45 0.170 0.02 0.368 -0.07 0.426 1.08 0.049

This comparison outlined that operative time was influenced by age (P = 0.034); hospital stay was influenced by level (P = 0.036) and pre-op

VAS (P = 0.006); while complications were influenced by level (P = 0.000) and pre-op ODI (P = 0.049)

Statistically significant values are in bold
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Fujiwara’s III–IV� facet spondylarthrosis, spinal canal

stenosis, postlaminectomy, failed back surgery syndrome

with significant epidural fibrosis); translational forward

instability (isthmic or degenerative listhesis); severe end-

plate irregularities (e.g., large Schmorl’s nodes).

In our 36-patient single-level TLDR group study

(Table 1), subjective satisfaction rate was 77.78% (28/36),

with a statistical significance improvement after a mean of

3-year FU of the SF36 health status (P = 0.000), ODI

lumbar function (P = 0.000), and VAS lumbar pain

(P = 0.000) (Tables 2, 3; Fig. 1).

Despite a large number of studies certifying the efficacy

of TLDR, still few and absolutely necessary are studies

about predictive outcomes in TLDR [27]. In a recent study,

Siepe et al. [46] proved that monosegmental L4–L5 TLDR

had better clinical results than L5–S1, but with a higher

complication rate.

In our group, results revealed that there was no differ-

ence in monosegmental disc replacement between L4–L5

(Fig. 2) and L5–S1 (Fig. 3), for SF36 (P = 0.217), ODI

(P = 0.527), and VAS (P = 0.269) (Table 3). However,

disc replacement at L4–L5 had a higher complication rate

Fig. 2 Five-year follow-up

(FU) anteroposterior (a) and

lateral (b) standard X-rays of a

48-year-old man with a L4–L5

TLDR. He was completely

satisfied, with an important

improvement in SF36 health

status (from 56 pre-op to 93 at

5-year FU), in ODI lumbar

function (from 50 pre-op to 0 at

5-year FU), and VAS lumbar

pain (14 pre-op, 0 5-year FU).

Dynamic X-rays (c, d) showed a

prosthetic disc ROM of 18� in

flexion–extension
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(P = 0.000) (Table 4). The two groups were similar for

etiology, model of prosthesis, gender (P = 0.253), age

(P = 0.926), and pre-operative clinical parameters (SF36,

ODI, VAS) (Table 1). Surgery showed a reduced operative

time (about 2 h and a half), with little intraoperative blood

loss (less than 300 ml). There was no difference in oper-

ative parameters between different levels (Table 1).

For some authors, rehabilitation begins with a good pre-

operative educational program [23]. Post-operatively, rapid

mobilization provides better clinical results. Excessive

extension and rotation should be avoided for at least

3 weeks [14, 42]. If there are no complications, sport

activity can be resumed in 3 months [23].

With a mean hospitalization of less than 10 days, our

patients showed a mean return to ambulation in about

4 days (Table 1). There was no difference between pros-

theses at L4–L5 or L5–S1 (P = 0.604). Our patients wore a

soft lumbar brace for a period of 3–4 weeks post-opera-

tively. This was followed by an abdominal elastic fascia for

6 months (as suggested by the Vascular Surgeon).

In considering prognosis, we searched potentially pre-

dictive factors (gender, age, etiology, level, and pre-

Fig. 3 After 1 year from L5–

S1 TLDR (a, b), a 35-year-old

woman was completely

satisfied. She had an

improvement in SF36 health

status (from 71 pre-op to 94 at

1-year FU), in ODI lumbar

function (40 pre-op, 6 1-year

FU), and VAS lumbar pain (90

pre-op, 0 1-year FU). Flexion–

extension L5–S1 prosthetic disc

ROM was 6� at dynamic

radiographs (c, d)
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operative clinical questionnaires) for surgical outcomes

and complications. Our data demonstrated that operative

time was influenced only by age (P = 0.034). Hospital stay

was influenced by level (P = 0.036) and pre-op VAS

(P = 0.006). Complications were influenced by level

(P = 0.000) and pre-op ODI (P = 0.049). Intraoperative

blood loss and return to ambulation had no predictive

outcomes (Table 5).

Complication rates in TLDR are very variable in the

literature. In 2005, Le Huec [34] reported complications in

39 of his 64 patients (61%). Seventy-two percent of these

were major. Complications for TLDR could be secondary

to the anterior abdominal surgical approach, or due to the

prosthesis itself, and are divided into immediate and late.

Late complications are still not well known, since this

method is relatively new, and the vast majority of the study

is short- or medium-term FU [22]. Anterior abdominal

surgery complications include paralytic ileum, small

intestine occlusion, retrograde ejaculation secondary to

sympathetic hypogastric plexus injury, caval vein injury,

Fig. 4 After 2 years from the

L5–S1 disc replacement, a

patient complained for

persistent radiculitis in

malpositioning of the implant

(a, b). He was submitted to a

270� fusion with removal of the

disc prosthesis (c, d). After 3-

year FU, one from the second

operation, he revealed partial

but not sufficient improvement

in SF36 health status (34), ODI

lumbar function (66) and VAS

lumbar pain (80)
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left iliac vein lesion, left uretheral lesion, left iliac vein

thrombosis, pelvic phlebitis, infection, deep hematoma,

and laparocele [42]. Vascular or general surgical assis-

tance, retroperitoneal approach, uretheral stents for revi-

sion surgery, proper hemostasis, attention to sterility and

rectus abdomen fascia suture help to reduce surgical

complications [42].

Acute prosthetic complications include epidural blood

loss, transitory radiculitis due to excessive disc distraction

[42]. Malpositioning of the implant is usually a cause of

patient dissatisfaction, with frequent mobilization or sink-

ing of the implant [42].

Late prosthetic complications include heterotrophic

ossification, with a variable incidence of 4–6% at 2 years

using Charité [37, 48], and 76.2% at 1 year using ProDisc

[39]. To avoid this, it is recommended to avoid excessive

vertebral osteotomy, and to administer adequate post-

operative anti-inflammatory medications [42]. Possible

causes of persistent back pain or sciatica are inadequate

patient selection, suboptimal implantation, mobilization or

sinking of the implant, posterior facet degeneration or

ligamentous inflammation secondary to overload [41, 42],

and junctional pathology (24% at 8.7 years FU, especially

with motility \ 10� [29]). Posterior facet pain and pain

from the sacroiliac joint are frequent causes of patient

dissatisfaction [47]. Salvage procedures are always possi-

ble, even for severe late complications. These could

include replacement of the prosthetic disc, a posterior

fusion, or a 270� fusion with removal of the disc prosthesis

(more risky but has better clinical results) [38, 41].

Overall, the complication risk is high, including severe

complication. In our group of patients, the mean

Fig. 5 A 35-year-old woman after 4 years from L5–S1 disc arthro-

plasty (a, b) complained for right lumbar pain (located on the right

L4–L5 posterior facets space). She had a left L4–L5 bone union (a),

and developed a superior junctional pathology: right L4–L5 facets

degeneration secondary to overload (c). She was then submitted to

L4–L5 segmental posterior fusion (d, e), with complete remission of

the right lumbar pain, and the functional impairment
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complication rate was 80.6%. The highest risk, with a

complication rate of 125%, is for L4–L5 TLDR

(P = 0.000), particularly for a surgical approach (laparo-

celes, persistent abdominal pain, and wound dehiscences;

Table 4). The other risk factor for complication was the

pre-op ODI (P = 0.049). The higher the pre-op lumbar

dysfunction value, the higher the risk of complication. This

was probably due to the difficulty of complete return to

normality in a globally compromised lumbar spine, espe-

cially in severe cases (high pre-op ODI). Anatomical fac-

tors such as muscle or posterior element degeneration, and

even psychological and social factors such as spinal bal-

ance, habits, or confidence, could contribute to compro-

mising outcomes. Revision surgery was necessary in 5

(13.9%) patients: 4 (11.1%) for persistent radiculitis

(Fig. 4), and 1 (2.8%) for junctional pathology (Fig. 5).

After a mean FU period of more than 3 years

(38.67 ± 17.34 months), the risk of symptomatic junc-

tional pathology was 13.9% (5/36), while the overall risk of

junctional pathology (symptomatic and non-symptomatic)

was 22.2% (8/36). In four patients (11.1%), there was

recurrence of back pain due to facet degeneration, which

was treated with infiltrations. Because of the high risk of

complication and considering the lack of long-term pro-

spective randomized clinical studies, some authors today

claim ‘‘it is difficult to defend the choice of a TLDR for

chronic discogenic low back pain’’ [43, 52], and ‘‘a mul-

tidisciplinary approach is the most successful mode of

treatment, while local measures aimed at the vertebral

column are generally ineffective or of unproven value.

Psychosocial factors are much more important than bio-

mechanical factors in determining the outcome, but the

interaction between these determinants is far more com-

plicated than just ‘having problems’. Patients will continue

to seek magic cures from ‘quacks with a knife’ as long as

medical specialists are insufficiently trained to deal with

unexplained somatic symptoms’’ [51].

Conclusions

Single-level TLDR is a good alternative to fusion for

chronic discogenic low back pain refractory to conserva-

tive measures. Our study confirmed satisfactory clinical

results for monosegmental L4–L5 and L5–S1 disc pros-

thesis, with no difference between the two different levels

for SF36 (P = 0.217), ODI (P = 0.527) and VAS

(P = 0.269). However, replacement of the L4–L5 disc is

affected by an increased risk of complication (P = 0.000).

There were no prognostic factors for intraoperative blood

loss or return to ambulation. Age (P = 0.034) was the only

prognostic factor for operative time. Hospital stay was

affected by level (P = 0.036) and pre-op VAS

(P = 0.006), while complications were affected by the

level (P = 0.000) and pre-op ODI (P = 0.049). Complete

pre-operative assessment (in particular VAS and ODI

questionnaires) is important because more debilitating

patients will have more hospital stay and higher compli-

cations or complaints. Patients had to be informed that

complications, possibly severe, are particularly frequent

(80.6%).
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