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Abstract Patients with multisegmental degenerative disc

disease (DDD) resistant to conservative therapy are typi-

cally treated with either fusion or non-fusion surgical

techniques. The two techniques can be applied at adjacent

levels using Dynesys� (Zimmer GmbH, Winterthur,

Switzerland) implants in a segment-by-segment treatment

of multiple level DDD. The objective of this study was to

evaluate the clinical and radiological outcome of patients

treated using this segment-by-segment application of

Dynesys in some levels as a non-fusion device and in other

segments in combination with a PLIF as a fusion device. A

consecutive case series is reported. The sample included 16

females and 15 males with a mean age of 53.6 years (range

26.3–76.4 years). Mean follow-up time was 39 months

(range 24–90 months). Preoperative Oswestry disability

index (ODI), back- and leg-pain scores (VAS) were com-

pared to postoperative status. Fusion success and system

failure were assessed by an independent reviewer who

analyzed AP and lateral X-rays. Back pain improved from

7.3 ± 1.7 to 3.4 ± 2.7 (p \ 0.000002), leg pain from

6.0 ± 2.9 to 2.3 ± 2.9 (p \ 0.00006), and ODI from

51.6 ± 13.2% to 28.7 ± 18.0% (p \ 0.00001). Screw

loosening occurred in one of a total of 222 implanted

screws (0.45%). The results indicate that segment-by-seg-

ment treatment with Dynesys� in combination with inter-

body fusion is technically feasible, safe, and effective for

the surgical treatment of multilevel DDD.

Keywords Hybrid stabilization � Segment-by-segment

treatment � Dynesys � PLIF � Multilevel DDD treatment

Introduction

As there is no standard definition of disc degeneration,

determinations of its presence and severity vary, largely

depending upon whether radiographs, discography, com-

puted tomography (CT), or magnetic resonance imaging

(MRI) are used to investigate the disc. The prevalence of

disc-related degenerative findings on MRI of the lumbar

spine varies greatly depending on the disc level and other

factors such as age, environmental and behavioral influ-

ences, familial aggregation, and heritability [1]. Boden

et al. [4] have shown that disc degeneration at an average

of three levels can be seen in up to 90% of people over the

age of 60 years. Little is known about the segmental dis-

tribution of degenerative disc disease (DDD) in individu-

als. As a rule, L4–5 and L5–S1 have the highest prevalence

of all degenerative disc findings. The clinical significance

of such findings is debatable, because these abnormalities

are also commonly found in asymptomatic individuals [7,

9]. In contrast, Boos et al. [7] demonstrated that disc

extrusion and neural compromise are common in patients

with back pain and sciatica. Furthermore, in an MRI study

of 148 subjects between 36 and 71 years of age, Jarvik

et al. [23] concluded that moderate or severe central ste-

nosis, root compression, and disc extrusions are likely to be

diagnostically and clinically relevant. Next to Modic

changes, which were consistently and strongly associated

with low back pain (LBP), Kjaer et al. [30] also reported an

increased, albeit weaker, odds ratio between LBP and

hypointense disc signal, reduced disc height, annular tears,

high-intensity zones, disc bulging, and anterolisthesis.

One of the most controversial topics in spine literature is

the treatment of DDD. Most authors agree that non-surgical

options should be the primary treatment of patients in

DDD. Surgery may be indicated in cases that are
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unresponsive to conservative treatment. Surgery of the

degenerative lumbar spine predominantly implements one

or more of three strategies: decompression, stabilization,

and correction of scoliotic or kyphotic deformity.

Depending on the clinical and radiological manifestations

of DDD, these procedures frequently need to be combined.

Spinal fusion is the established gold standard for the

correction of true lumbar deformities. The role of lumbar

fusion for the treatment of DDD remains in debate. Con-

sequently an increasing number of alternatives to lumbar

fusion have been introduced in recent years. These proce-

dures aim to respect the integrity of the spinal motion

segments and promote a balance of stability and natural

motion. One representative in this group is the Dynesys�

(Zimmer GmbH, Winterthur, Switzerland) system. First

implanted in 1994 by Gilles Dubois, Dynesys� is a pedicle

system providing mobile stabilization controlling motion in

all three planes of space. It is designed to restore stability to

treat painful conditions of degenerative origin such as

unstable forms of degenerative disc disease or of lumbar

stenosis. Thus, indications are local lumbar pain and/or

radicular pain attributed to instability regardless of whether

or not there is an accompanying neurological deficit.

Dynesys� is also designed to stop further progression of

minor deformities frequently associated with spinal steno-

sis, including degenerative spondylolisthesis, early degen-

erative scoliosis, or both. More details of the concept,

technique, and clinical results of Dynesys� are available

elsewhere [19, 40–44, 46, 51].

Multisegmental disc disease is common in symptomatic

back patients. In such cases in the past a surgeon typically

opted to perform either a fusion or non-fusion technique to

alleviate symptoms associated with DDD. However,

because lumbar motion segments vary in extent of degen-

eration and instability, it seems logical to address multi-

level DDD segment by segment. Although advanced

degeneration of an intervertebral disc (as described by

Pfirrmann grade 5 [38]) as well as a gross instability of a

motion segment should be treated with fusion, discopathy

with still acceptable disc height (Pfirrmann grade 3 and 4),

and absent gross instability can be treated with a motion-

sparing, non-fusion technology.

Shortly after the introduction of Dynesys�, the author

began to combine fusion and non-fusion techniques in the

treatment of multisegmental DDD. Segment(s) requiring

fusion were treated with posterior lumbar interbody fusion

(PLIF) enhanced by pedicular instrumentation with Dyne-

sys�. In these segments, Dynesys� serves as a posterior

tension band. Symptomatic segments with less advanced

changes were treated using Dynesys� as a dynamic sta-

bilization device (see Fig. 1), i.e. the purpose for which it

was originally designed. The present report describes

clinical and radiographic results of this new stabilization

technique, which was termed ‘‘Dynesys� hybrid

stabilization’’.

Materials and methods

This is a retrospective study of a consecutive case series.

Patient sample

All patients who were treated using ‘‘Dynesys� hybrid

stabilization’’ for DDD in the author’s clinic over a 5-year

period were assessed. Inclusion criteria were: (a) symp-

tomatic DDD, (b) associated spinal instability, (c) two or

more affected vertebral motion segments, and (d) failure of

conservative treatment for at least 6 months. Exclusion

criteria consisted in standard contraindications for fusion

and dynamic stabilization techniques, including non-

degenerative etiologies of instability (e.g. fractures, con-

genital scoliosis), tumor, metabolic bone diseases, severe

degenerative scoliosis or kyphosis, and infection.

In total, 31 patients who presented with symptomatic

DDD manifested by chronic low back pain and/or leg

pain were included in the study population. The sample

included 16 females (51.6%) and 15 males (48.4%). Mean

age at surgery was 53.6 years (±12.9 years; range 26.3–

76.4 years). Fifty-two percent (n = 16) had had one (7/16

Fig. 1 Combination of fusion and non-fusion techniques. Caudal

segment: PLIF enhanced by Dynesys�; maximal compression is

applied, and Dynesys� serves as a posterior tension band. Cranial

segment: Dynesys� dynamic stabilization
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patients) or more (9/16 patients) prior surgeries at one (13/

16 patients) or two (3/16 patients) of the segments cur-

rently requiring operative treatment. Surgeries performed

prior to Dynesys� were discectomy/nucleotomy (n = 13),

decompression (n = 2), and disc repair (n = 1).

Surgical planning

All patients presented multi-segmental painful DDD pro-

ven by segmental diagnostic assessment, using segmental

infiltrations and discograms. Planning for the surgeries in

this study involved:

1. identification of segments requiring operative treat-

ment based on clinical and radiological evaluation,

2. choice of procedure for each segment:

(a) Dynesys� stabilization plus decompression and

fusion (PLIF),

(b) Dynesys� stabilization alone,

(c) Dynesys� stabilization plus decompression.

The indications for fusion were:

1. severely degenerative discs (Pfirrmann grade 5) with

or without gross instability or gross instability with

earlier degenerative changes (Pfirrmann grades 3 and

4),

2. cases of segments that had already undergone open

operative intervention(s),

3. segments with lytic spondylolisthesis, because this is a

contraindication for dynamic stabilization.

All the remaining painful lumbar segments in the

patients were dynamically stabilized. Table 1 shows the

distribution of fused and dynamically stabilized segments.

Operative procedure

The dynamically stabilized segments reported in this study

were instrumented according to the complete operative

procedure as detailed in Stoll et al. [46].

Segmental fusion was achieved by combining Dynesys�

with a PLIF procedure using intervertebral cages. An

example is shown in Fig. 2. In PLIF segments, Dynesys�

acted as a pedicle screw-based posterior tension band.

Therefore, the modular spacers were cut approximately

1–2 mm shorter than the measured distance between the

Table 1 Segment-by-segment treatment overview

N Patients L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 
10    
5   
8   
3   
2  
2   
1 

Legend: PLIF + Dynesys®  
 Dynesys®  

In each treated segment, Dynesys� was used either alone as non-

fusion device or in combination with a PLIF procedure as a fusion

device

Fig. 2 Example of a 51-year-old man with postdiscectomy syndrome

at the level L3–L4 and degenerative disc disease proven by positive

discography at L2–L3 and L4–L5. This patient suffered from low

back pain and leg pain. Bone bridges 5 months postoperatively

indicate successful fusion at L3–L4 (treated with Dynesys� and

PLIF). The levels L2–L3 and L4–L5 were dynamically stabilized with

Dynesys� only
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two adjacent screw heads on each side, and the system was

fixed under maximum compression, exceeding the 300 N

recommended for dynamic stabilization. This further

reduced the length of the spacer and compressed the facet

joints adding to segmental stability. To achieve interver-

tebral fusion, any cage design can be combined with

Dynesys�. In this study, Harms Titan� Mesh (DePuy

Acromed, Raynham, MA, USA), L-Varlock� (Kiscomed-

ica, St. Priest, France), Varilift� (Advanced Spine Fixation

Systems Inc., Irvine, CA, USA), B-Twin� (Disc-O-Tech

Medical Technologies Ltd., Herzeliya, Israel), and BAK

Interbody Fusion System� (Zimmer GmbH, Winterthur,

Switzerland) were used.

Decompression by laminotomy or laminectomy was

performed in all PLIF segments. The dynamically stabi-

lized segments were decompressed by laminotomy if they

showed radiological evidence of spinal canal stenosis.

Clinical assessment

The Oswestry disability index (ODI scale 0–100%) was

used to assess functional impairment [12]. Leg and back

pain were rated on a 0–10 visual analog scale (VAS) [54].

Pre-operative scores were compared to postoperative

scores, and Wilcoxon test for paired data was applied for

statistical evaluation.

Standard radiographic assessment included anterior/pos-

terior (A/P) and lateral X-rays. The absence of radiolucency

around the cage, no signs of cage subsidence or the presence

of bridging bone in the intervertebral space were the criteria

for a solid fusion. Screw loosening (defined as ‘‘continuous

lucency C1 mm’’ around the screw [36]) and breakage of

Dynesys� was also assessed on A/P and lateral X-rays. All

patients signed the informed patient consent forms.

Results

Operative segments

A total of 80 lumbar segments were treated in 31 patients:

34 segments were fused and 46 segments were dynamically

stabilized. Among these 46 segments, only two segments

were decompressed during the operation. In 16 patients,

fusion was performed because of previous surgery (disc-

ectomy and/or decompression) and severe disc degenera-

tion. In five patients, degenerative spondylolisthesis with

stenosis and instability was the indication for fusion. Three

patients had a lytic spondylolisthesis at L5–S1, and seven

patients had a fusion because of a severe DDD (Pfirrmann

grade 5). In total, three patients had a two-level fusion: one

patient had previous surgery at two segments and two

patients had previous surgery at one level in combination

with a severely degenerated adjacent segment (Pfirrmann

grade 5). All segments that were dynamically stabilized

had DDD with Pfirrmann grade 3 or 4. Three of these

segments had undergone previous minor surgeries [percu-

taneous nucleotomy (n = 2) and microdiscectomy

(n = 1)].

Procedures involved two segments (one segment fused,

one segment dynamically stabilized) in 15 patients

(48.4%), three segments in 15 patients (48.4%; one seg-

ment fused and two segments dynamically stabilized in 13

patients, two segments fused and one segment dynamically

stabilized in 2 patients), and five segments in one patient

(3.2%; two segments fused and three segments dynami-

cally stabilized). See Table 1 for segment distribution.

Patient self-rating outcomes

Mean follow-up was 39 months (range 24–90 months).

Back pain improved from 7.3 ± 1.7 preoperatively to

3.4 ± 2.7 postoperatively and leg pain decreased from

6.0 ± 2.9 preoperatively to 2.3 ± 2.9 postoperatively

(Fig. 3). These improvements were statistically significant

for both leg pain (p \ 0.00006) and back pain

(p \ 0.000002).

Preoperative mean ODI (51.6 ± 13.2%) dropped sig-

nificantly to 28.7 ± 18.0% at postoperative follow-up

(p \ 0.00001) (Fig. 4). On the ODI scale, 19 patients

(61.3%) achieved at least a 15%-point improvement, which

has been accepted as a clinically significant change by the

FDA [12].

Fig. 3 Back pain and leg pain visual analog scale (VAS) score before

operation and at mean follow-up time of 39 months (range 24–

90 months). These were the values for all 31 patients, including those

who had postoperative complications
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Surgical outcomes and complications

Solid fusion was achieved in 100% of the segments in

which the Dynesys� device was used as a posterior tension

band to enhance PLIF.

One patient showed asymptomatic lucency around a

screw at L3 requiring no additional surgical intervention.

This patient had undergone dynamic stabilization at L3–L4

(Dynesys� only) and fusion at L4–L5. This was the only

radiological screw loosening observed. Therefore, only

0.45% of the Dynesys� screws (one out of a total of 222

screws) showed radiographic signs of loosening.

Three patients (9.7%) required surgical reintervention

during the study period. One patient had an early seroma,

which was surgically treated 15 days postoperatively

without removing Dynesys�. Another reoperation was

required 44 months after index surgery to extend dynamic

stabilization to the two adjacent cranial segments caused by

further disc degeneration with disc herniation and insta-

bility. In this case, the original construct was Dynesys�

only on L3–L4 and fusion on L4–L5. Pedicle screws,

spacers, and cage from the original construct were not

removed, but the cord was replaced and extended from L1

to L5. The third reoperation was required 8 months after

index surgery to extend fusion to the adjacent caudal seg-

ment for facet joint arthrosis. In this case, the original

procedures were dynamic stabilization at L3–L4 (Dyne-

sys� only) and fusion at L4–L5. This original construct

was maintained during revision surgery, and L5–S1 was

fused with a PLIF procedure and additional translaminar

screw fixation. In addition, another patient suffered from an

unrelated osteoporotic fracture requiring no surgical

reintervention.

No other adjacent segment degeneration was detected

either radiologically or clinically. There was no graft-site

problem or pseudoarthrosis.

Discussion

Essential to understanding of DDD are theoretical concepts

such as the spinal motion segment [25] or functional spinal

unit [52], and the three phases of spinal degeneration

proposed by Kirkaldy-Willis and Farfan [29]. Starting from

these basic tenets, research has provided valuable infor-

mation on the degenerating spine and, in turn, DDD. This

has culminated in recent work that addresses the aging

spine (e.g. natural history [2], inflammatory mediators [39],

radiological changes [48], genomic factors [45], hereditary

effects [49], and osteoporotic fracture modeling [27]) and

specific aspects of the degenerative cascade (e.g. paraspinal

muscles in lumbar degenerative kyphosis [26], paraspinal

denervation [21]). The relevance of these concepts in the

background and development of dynamic stabilization

(Dynesys�) has been described previously [44].

Useful reviews of DDD research include a comprehen-

sive clinical review by Bono and Lee [5], an epidemio-

logical review of genetic influences by Battie et al. [1],

advances in molecular biology by Guiot and Fessler [20],

and advances in imaging studies [24, 34, 37].

The choice of appropriate treatment for any specific

patient with DDD is complex. The standard fusion tech-

niques used in this study are widely accepted spine surgical

techniques [8, 13, 47, 50]. Fritzell et al. [14] compared

different fusion techniques in a prospective randomized

study, and they concluded that ALIF and PLIF procedures

are inferior to non-instrumented or instrumented postero-

lateral fusion (PLF). A closer look at their results reveals a

surprisingly high amount of surgical complications in the

ALIF/PLIF group (including an operation at the wrong

level and an abnormally high neurological complication

rate). This suggests that the poor clinical outcome of the

ALIF/PLIF group may have been related to factors other

than drawbacks intrinsic to these two procedures.

Although in a somewhat heterogeneous population (in

terms of indications, levels of surgery, and prior surgeries)

of 31 patients operated with Dynesys� by three different

surgeons, Grob et al. [19] reported discouraging results. In

contrast, a number of other groups have published good

clinical outcome showing that Dynesys� as a dynamic

stabilization device has been useful across a number of

degenerative conditions [40, 41, 43, 46, 51].

Multisegmental disc disease is very often encountered in

symptomatic back patients. Spine surgery up to now has

Fig. 4 Oswestry disability index (ODI) results before operation and

at mean follow-up time of 39 months (range 24–90 months). These

were the values for all 31 patients, including those who had

postoperative complications
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always been an either/or solution: surgeons decide either to

perform fusion or to apply a non-fusion technique to solve

a patient’s problem. The use of either treatment alone at

multiple levels in a single-stage operation appears poorly

adapted to patients with early degenerative changes in one

or more motion segments and advanced changes in others.

In fact, the present author has been using a hybrid

technique for over 10 years. The philosophy behind this

was to treat the multisegmental diseased lumbar spine

segment-by-segment according to the degree of degenera-

tion at each level. Given that a fusion for DDD may

eventually affect multiple segments, extending dynamic

stabilization to other segments that appear to be involved in

the degenerative process and symptomatic to the patient

may allow shorter initial arthrodesis constructs, reduce

fusion complication risks, and limit reoperations and

revisions. More recently, Bertagnoli et al. [3] proposed

different combinations of non-fusion and/or fusion tech-

niques to maximize outcomes at each level. To the best of

our knowledge, no clinical outcomes have been reported

for any type of hybrid constructs for DDD. Cheng et al.

[10] compared the biomechanical effect of dynamic sta-

bilization versus fusion in the segment adjacent to a fused

segment. They concluded that if posterior fixation is

extended to the adjacent level above a circumferential

fusion, dynamic stabilization allows significantly more

motion than fusion.

One of the first open questions of the hybrid technique

applied in this study is whether the combination of Dyne-

sys� and interbody fusion leads to firm fusion. Niosi et al.

[35] have described in a biomechanical study that the

segmental mobility can be reduced significantly when

Dynesys� is applied in a tension band configuration, i.e.

when shorter spacers are used. In the present study, the

radiological evaluation demonstrated a 100% fusion rate in

the segments, where fusion was intended. Table 2 sum-

marizes the fusion rate, percentage of patients who expe-

rienced complications, and reoperation rates in the current

study compared to other literature on similar patient sam-

ples (e.g. diagnosis, fusion method). The present study is

only one of three cited studies reporting a 100% fusion

rate, albeit in a small sample.

The complication and reoperation rate of the current

study is low, demonstrating the functional success of the

hybrid construct. Most of the complications and reopera-

tions were attributable to adjacent segments comparable to

the observations of Stoll et al. [46]. Schaeren et al. [41]

also reported a high rate of adjacent segment degeneration

in their patient population after treatment with Dynesys�.

This raises the question of whether the well-known prob-

lem of adjacent level degeneration next to fusion [15, 16,

53] can be mitigated by introducing the hybrid technique.

There is no consensus on the mechanisms of adjacent

segment degeneration. Little is known about the ideal

biomechanical properties of a posterior dynamic stabil-

ization system. One of the limiting factors of Dynesys�

might be that it is too rigid in flexion to fulfill the theo-

retical demands to protect against adjacent segment dete-

rioration [42]. However, whether the onset of degeneration

in adjacent segments can be attributed to the type of

instrumentation or to the natural history of the disease

cannot be determined to date and is subject to further

research.

The small incidence of screw loosening (3.2% of

patients; 0.45% of screws) reported in this study is in the

lowest range of all studies reporting screw loosening for

Dynesys�, either as percentage of patients or as percentage

of screws [19, 40, 43, 46, 51].

Tables 2, 3, and 4 include only studies that have

reported results for patients with a DDD diagnosis; how-

ever, their definitions vary. This attempt to approach a pure

diagnostic category has also limited the number of com-

parisons available for variables such as reoperation rate.

Including a definition of DDD involvement in herniated

disc, canal stenosis, and degenerative instability, Diwan

et al. [11] generalized that 15% of initial lumbar cases for

these degenerative conditions require reoperations. The

largest series in Table 2 [18], which included a wide range

of degenerative conditions, found a reoperation rate of

13.2%. This large study provides possibly the best com-

parison for revisions at adjacent segments, which was 5.1%

for multisegmental fusions ([2 segments) compared to

6.5% in the current multisegmental hybrid sample.

Visual analog scale improvements achieved by patients

in the present study were compared to other VAS assess-

ments in published studies using similar DDD patient

groups and similar fusion techniques (Table 3). This

patient sample with hybrid combinations of PLIF and

Dynesys� used for both fusion enhancement and dynamic

stabilization fell in the upper range of improvements

reported for both back pain and leg pain. Kim et al. [28]

reported an improvement of 5.5 units in both leg and back

pain, while the patients in the present study improved an

average of 3.9 units for back pain and 3.7 units for leg pain.

Fritzell et al. [14] and Zanoli et al. [54] reported smaller

decreases in pain achieved using fusion, the latter study

consisting of a large patient sample (n = 755).

Regarding ODI results, the patients in the present study

showed improvements that fell toward the high middle

range of improvement percentages among similar reported

studies (Table 4). The average improvement in the present

study was 22.9%. Kim et al. [28] showed the highest

average improvement (35.3%, 3 years after surgery), and

Fritzell et al. [14] showed the lowest average improvement

(8.8%, 2 years after surgery). While many other studies

could have been selected as comparisons, these were most

Eur Spine J (2010) 19:1010–1020 1015

123



Table 2 Reported fusion rates, complications and reoperations for similar patient population and fusion techniques

Research Sample Fusion/pseudoarthrosis Complications Reoperations

Bono and Lee

[5]

Comprehensive review of reported

fusion for DDD (1979–2000)

Circumferential

[PLIF|ALIF ? PLF]:

91% fusion

(instrumentation not

specified)

Not reported

Screw loosening not

reported

Not reported

Bono and Lee

[6]

Comprehensive review of reported

fusion for DDD (1979–2000)

by diagnostic subgroup

Fusion overall of

unstable DDD

[DDDu]: 88% fusion

Complication rate for

unstable DDD [DDDu]:

11%

More complications for

unstable DDD than stable

groups (p \ 0.03). Worst

clinical outcomes in

DDDu group

Not reported

Freeman et al.

[13]

DDD diagnosis in 28/60 (47%)

5.3-year follow-up

PLIF ? PLF: 100%

fusion

All complications:

8/60 = 20%

No screw lucencies: 0%

Not reported

Fritzell et al.

[14]

294 patients CLBP|disc

degeneration Group III
PLIF|ALIF ? instrumented

PLF (n = 72, only 19 PLIFs)

2-year follow-up

Instrumented

PLIF|ALIF ? PLF:

91% fusion

Screw loosening: 30.6%

Major complications:

19.4% for ALIF|PLIFs

Not reported separately for groups

Greiner-Perth

et al. [18]

1,680 cases

360� instrumented PLIF ? PLF

(Harms Titan cages)

5-year mean follow-up

Instrumented

PLIF ? PLF

4.5% pseudoarthrosis

[95.5% fusion]

Implant failure: for 1–2

level fusions: 1.4%;

Multisegmental ([2 level)

fusions: 0.3%

Decompensation of

adjacent segments: 2.8%

(1–2-level fusions, 2.3%;

Multisegmental fusions,

5.1%)

Overall reoperation rate:

13.2%, including wound

healing problems, 1.5%,

recurrent bleeding .2%

Revision rate: 13.2% (without

general risk complications:

11.7%)

Hioki et al. [22] 19 patients with multilevel

degenerative lumbar spinal

disorders

3.6-year follow-up

Instrumented PLIF

without PLF

No pseudoarthrosis

reported: 0% (100%

fusion)

All complications: 5/19:

26.3%

One displacement of spacer

requiring revision

Two L3 radiculopathy

One pulmonary embolism

One symptomatic adjacent-

level degeneration

No screw lucency reported

Revision (1/19): 5.3%

Kim et al. [28] Patients with ‘‘degenerative

lumbar disease’’ randomized into

three surgery groups, including

instrumented PLIF ? PLF (1–2

levels, 48 patients)

3-year minimum follow-up

Instrumented

PLIF ? PLF group

(1–2 levels): 4%

pseudoarthrosis (96%

fusion)

Note careful

measurement of

lumbar and segmental

lordosis

No significant differences

in outcomes for surgical

groups

PLIF ? PLF

complications: 19%

including two

pseudoarthroses

No screw loosening

reported

Instrumented PLIF ? PLF group

(1–2 levels): no revisions

Lee et al. [31] A review of non-union literature PLIF ? PLF: 88–96%

fusion

(instrumentation not

specified)

Not reported Not reported
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Table 2 continued

Research Sample Fusion/pseudoarthrosis Complications Reoperations

Madan and

Boeree [32]

Patients with severe LBP (strict

exclusion criteria)

Instrumented 360� PLIF ? PLF

(35 patients) versus ALIF (39

patients)

2.4-year follow-up

Instrumented

PLIF ? PLF group:

fusion in 33 patients

(94.3%)

Instrumented PLIF ? PLF

group: 4/35 (11.4%)

Included two UTIs, one

superficial infection, one

donor site pain)

No screw loosening

reported

Instrumented PLIF ? PLF group:

none

Maghout-Juratli

et al. [33]

1950 patients from Washington

State (USA) lumbar fusion

outcomes study

56.4% with DDD diagnosis

PLIF ? PLF: fusion

rate not specified

separately from

reoperation

Overall any-postoperative

complication rate was

11.8%

Schwarzenbach

et al. (present

study)

31 patients with DDD treated with

Hybrid combinations of PLIF

and Dynesys� used as

transpedicular stabilization for

fusion and/or dynamic

stabilization at adjacent

segments

100% fusion Complications related to

stabilization: 3/31 (9.8%)

One asymptomatic screw

loosening (3.3%)

One adj. segment

instability

One adj. facet joint

arthrosis

Unrelated to stabilization:

2/31 (6.5%),

One seroma

One unrelated osteoporotic

fracture

Reoperations in 3/31 patients

(9.7%):

Stabilization-related:

One cranial adjacent segment

extension of Dynesys� (3.3%)

One reoperation for adjacent

segment facet arthrosis (3.3%)

Operative treatment unrelated to

stabilization:

One surgery for seroma

Table 3 Published back and leg pain scores (VAS) for similar patient population and fusion techniques

Research Sample Preoperative Postoperative

Fritzell et al. [14] 294 patients CLBP|disc degeneration

Group III PLIF|ALIF ? instrumented PLF(n = 72,

only 19 PLIFs)

2-year follow-up

Back pain: 6.6 ± 1.5a

Leg pain: 3.7 ± 2.8

Back pain: 4.6 ± 2.7a

Leg pain: 3.2 ± 2.8

Kim et al. [28] Patients with ‘‘degenerative lumbar disease’’

randomized into three surgery groups, including

instrumented PLIF ? PLF (1–2 levels, 48

patients)

3-year minimum follow-up

Back pain: 7.52 ± 1.16

Leg pain: 6.57 ± 1.31

Back pain: 2.23 ± 0.63

Leg pain: 1.46 ± 1.58

Zanoli et al. [54] 755 patients for development of VAS scale in

Swedish lumbar spine registry

DDD group: VAS estimated from graph

Back pain: 6.0 est

Leg pain: 6.5 est

Back pain

12 months: 2.5 est

Leg pain

12 months: 3.0 est

Schwarzenbach et al.

(present study)

31 patients with DDD

treated with Hybrid combinations of PLIF and

Dynesys� used as transpedicular stabilization for

fusion and/or dynamic stabilization at adjacent

segments

Back pain: 7.3 ± 1.7

Leg pain: 6.0 ± 2.9

Back pain: 3.4 ± 2.7

Leg pain: 2.3 ± 2.9

a Reported scores expressed as 0–10
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similar in diagnosis and fusion/non-fusion treatment to the

present sample.

Conclusions

Our results indicate that hybrid segment-by-segment

treatment with Dynesys� in combination with interbody

fusion is both technically feasible and effective for surgical

treatment of multilevel DDD. This study demonstrates

the benefits of developing treatment specific for the needs

of the patient and each vertebral segment. However,

long-term follow-up studies are required for accurate

conclusions on the clinical and functional outcome, and

reoperation rates of the hybrid technique.

A combination of fusion and non-fusion treatments is

likely to become the future method of choice for many

applications throughout the spine. Our goal is to provide

optimal treatment within the same spine for vertebral

segments that appear to vary significantly along the cas-

cade of degeneration. However, clarification is still needed

to establish which levels require fusion and which require

dynamic stabilization. We anticipate that advances in

understanding the spinal degenerative cascade through new

research approaches will be the ultimate key to optimal

patient selection as well as optimal selection of specific

segmental treatments in hybrid constructs.

Conflict of interest statement O. Schwarzenbach is consultant to

Zimmer GmbH and has received project support.
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