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Summary

Background. In recent years considerable effort was undertaken in
order to replace rigid lumbar stabilization by soft stabilization in
certain instances. The Graf soft system stabilization technique is
such an interesting novel alternative to lumbar arthrodesis in the
treatment of mechanical low-back disorders. The current retrospec-
tive analysis reports the long-term results in 39 consecutive patients
treated with Graf’s ligaments for painful lumbar instability.

Methods. Young patients with lumbar mechanical disorders resis-
tant to conservative treatment with 1) no or mild facet joint degen-
eration, 2) minor disc degeneration, 3) well trained low back muscles,
4) pain relief after trial anaesthesia and 5) probatory rigid plastic
jacket underwent lumbar ligamentoplasty according to Graf. The
patients were assessed clinically and they filled in an extensive ques-
tionnaire at an average period of observation of 7.4 years.

Findings. After 7.4 years the clinical results in 39 patients were
excellent, good, fair, unchanged and worse in 43.6%, 20.5%, 10.2%,
23.1% and 2.6%, respectively. Seven unchanged patients were con-
verted to arthrodesis. In the questionnaire 66.6% reported total dis-
appearence of back pain, in 25.7% it was significantly less and in
7.7% back bain was a bit less. Visual analogue scale for low back
pain was 0 in 69.2%, 2.5 in 15.4% and 5 in 15.4% of patients. For leg
pain it was nil in 92.3% and 2.5 in 7.7%.

Interpretation. Soft system stabilization of lumbar motion seg-
ments in young patients with painful mechanical disease resistant to
conservative treatment yields favourable long-term results only in a
highly selected patient population.

Keywords: Graf system; ligamentoplasty; soft system stabilization;
lumbar spine.

Introduction

Graf’s soft system stabilization (SSS) technique [5]
represents an interesting alternative operation to lum-

bar arthrodesis in the treatment of low-back disorders
of mechanical origin. The technique consists of a so-
called dynamic or “‘soft” stabilization of an unstable
motion segment by inserting pedicle screws which are
linked together by polyester threaded bands creating
regional lordosis.

Between 1991 and 2001 forty-one patients have been
treated by SSS for a painful mechanical disorder of the
lumbar spine. A part of this highly selected patient
population (representing 1 percent of 4000 operations
of the lumbar spine in this period of time) has been
object of two previous reports with analysis of early
(mean 30.4 months) [15] and mid-term results (mean
50 months) [1]. It is our aim in this report to present the
long-term clinical outcome (average period of obser-
vation of 7.4 years) of 39 out of 41 patients operated by
the soft stabilization technique.

Patients, materials and methods

Patients

Thirty-nine out of 41 patients have been reexamined
and were asked to fill in a questionnaire. Two patients
were lost to follow-up.

Among these 39 patients there were 26 female and
13 male patients with ages between 17 and 45 years
(average 33.5 years). The average period of postoper-
ative follow-up was 7.4 years (range 4.5 to 10 years).
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Indication for operation

We restricted our indication for a SSS-procedure to
young patients presenting with a mechanical disorder
of one or several lumbar motion segment(-s) resistant
to conservative treatment over at least a half year’s
period. Each patient presented with symptoms of irri-
tation of facet joints with or without pseudoradicular
pain in the lower limb(-s).

In one patient, facet joint irritation was present in
conjunction with bilateral severe radicular pain due
to two-level disc herniations, treated previously by
microdiscectomy and a L4-S1 SSS-procedure. Two
other patients, in whom SSS was used as a preventive
measure adjacent to a multilevel internal fixation, were
excluded from the study because the reason for opera-
tion differed from the series presented.

All patients underwent a specific diagnostic proto-
col, comprising probatory anaesthesia of the articular
nerves of the corresponding facet joints and trial im-
mobilization in a removable rigid plastic jacket allow-
ing ambulation.

Patients with low-back pain with or without non-
radicular leg pain underwent operation when they ful-
filled the following criteria:

no or only mild arthrotic changes of facet joints
minor disc degeneration

well-trained low back muscles

pain-relief in response to anaesthesia of articular
nerves

5. pain-relief while wearing a probatory jacket.

bl s

Patients were excluded from a SSS-procedure when
functional radiological studies revealed a x-axis hy-
perrotation or z-axis translation.

Surgical technique

We used the technique proposed by Graf [5]. Care
was taken to avoid damage to the joint capsules and
articular nerves. We avoided extensive tightening of
the polyester bands in order to prevent nerve entrap-
ment in the lateral recess and/or foramen. Foraminot-
omies and recessotomies were not necessary because
we restricted the indication for operation to patients
who did not have loss of disc height.

Postoperative measures

We used the postoperative treatment protocol as re-
ported previously [15]. Briefly, patients had to wear the
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jacket for a two to three weeks, followed by a rehabil-
itation program consisting in isometric training of low
back muscles.

Complications

There were no intra- or postoperative complica-
tions. Potential complications of this surgical tech-
nique are mainly in relation to misplacement of the
pedicular implants.

Assessment of outcome

All patients were reexamined clinically at the time of
follow-up. The latter consisted in an assessment of
spinal mobility with respect to pain and of neurologi-
cal status.

As in our previous study [1] patients were asked to
fill in a questionnaire consisting of the Oswestry Dis-
ability Questionnaire [3], the SF-36 [22, 23], the
Modified Somatic Perception Questionnaire (MSPQ)
[14], the Zung Depression Scale [24] and Huskisson’s
Visual Analogue Scale (VAS) [10].

Classification of results

The results of the clinical reevaluation and of the
questionnaire were classified into the following five
categories:

— excellent: normal working and social life; back to
sport; occasional minor symptoms

— good: minor restrictions in sport and daily life; back
to work; occasional analgesics

— fair: better than before surgery but significant re-
strictions in work and social life

— unchanged: similar overall level of pain and similar
disability as before surgery

— worse: increased overall level of pain and disability
compaired with the period before surgery.

Results

At an average follow-up of 7.4 years, the results of
the 39 consecutive patients were graded excellent,
good, fair, unchanged and worse in 17, 8, 4, 9 and 1,
respectively [Table 1].

Among the 9 patients whose pain was unchanged, 7
underwent fusion which was followed by an excellent
result in 4, good in 1, fair in 1 but the pain remained
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Table 1. Literature review of surgical results after soft system stabilization
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Result
category

Markwalder et al. Legaye et al. Guigui et al.
Present Study [13] [8]
Follow-up: 7.4 yrs 1994 1994
n=39 1.5 yrs 2.4 yrs
(percentage) n=19 n=26

Grevitt et al. Salanova et al. Skinner et al. Moon et al.
[7 [20] [21] [17]

1995 1997 1998 1999

2 yrs 4 yrs 2 yrs 5.3 yrs
n=>50 n =88 n=25 n =51

Excellent 17 (44%) 10 (53%)
Good 8 (21%) -
Excellent - -

and Good
Fair
Unchanged
Poor
Worse

8 (31%)
6 (23%)

4 (10%)
9 (23%)* -

5 (26%) 9 (35%)

1 (2%)° 4(21%) 3(11%)

- 48 (55%) 10 (40%) -
- 5(20%)

36 (72%) - 40 (78%)

5(10%)
8 (16%)

4 (8%)

22 (25%)
_ 4 (8%)

6 (24%)

4 (16%)

o (2%) 18 (20%) - 3 (6%)

2 Seven patients converted to fusion; implants removed in 2 patients. ®* Excellent for 2 years postoperatively, now worse.

unchanged in one patient. The implants were removed
in the 2 other patients whose pain was unchanged
thereafter.

The patient whose pain was judged as worse at final
evaluation had been rated as an excellent result 2 years
after operation; he refused further therapeutic inter-
vention measures. The patient who underwent two-
level microdiscectomy and ligament stabilization L4-
S1 had an excellent result.

The results of the questionnaire were as follows:
back pain had completely disappeared, was signifi-
cantly less or a bit less in 26, 10 and 3 patients, respec-
tively (Fig. 1). Leg pain (n = 25) had disappeared in 20
patients and was significantly less in 5 patients (Fig. 2).
Analgesics were not consumed in 71.8%, occasionally
in 23.1% and 5.1% of the patients consumed every day
(Fig. 3). 87.2% of patients worked in the same profes-
sion, 12.8% had a new profession. 74.4% worked full
time, 15.4% part time and 11.2% worked 50% (Fig. 4).
84.6% would have the same operation redone and rec-

39 PATIENTS

&\ ) |

NONE MUCH BETTER SOMEWHAT LESS SAME
n = 36 or 92.2% considered to be good results (hatched)

INCREASED

Fig. 1. Results of questionnaire assessing the outcome of back pain
at an average of 7.4 years after surgery

25 PATIENTS

NN

INCREASED

NONE SIGNIFICANTLY LESS SOMEWHAT LESS SAME

Fig. 2. Leg pain

39 PATIENTS

n=

5.1%

ONCE PER DAY

NEVER SPORADICALLY

SEVERAL TIMES PER DAY

Fig. 3. Use of analgesics

ommend it to others, and 15.4% were not sure to have
it redone or recommend it (Fig. 5). The VAS for low
back pain was 0 in 69.2%, 2.5 and 5 in 15.4% and
15.4%, respectively. The VAS for leg pain was 0 in
92.3% and 2.5 in 7.7%. There is a discrepancy between
the patient’s indications concerning leg pain in the
questionnaire and the VAS. However, in general, pa-
tient’s answers are somewhat difficult to interpret be-
cause of the subjective nature of pain description.
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40

35

30

25

20

39 PATIENTS

n=
&

Nt RNY
NN
WORK WITH
RESTRICTIONS

\\\\ w Y 5

SAME JOB FULL TIME JOB PART TIME JOB NEW JOB

MULTIPLE CHOICE ANSWERS (n > 39)

Fig. 4. Working capability

39 PATIENTS

n=

PROBABLY

CERTAINLY NOT

CERTAINLY DON'T KNOW

Fig. 5. Willing to undergo same surgery again and its recommenda-
tion to others

Discussion

Graf’s [5] introduction of ligament prosthesis
mounted on pedicle screws represented the first opera-
tion attempting to maintain the functionality of a
lumbar motion segment.

In this study, we found that soft system stabilization
of lumbar motion segments, according to Graf’s tech-
nique, produced long term benefit in a very restriced
patient population who presented with facet joint irri-
tation. An absence of arthrotic changes and only mi-
nor disc degeneration were essential criteria for selec-
tion. The fact that SSS surgery was performed in only
41 out of 4000 operations on the lumbar spine over a
ten-year period reflects our rigorous indication for this
kind of surgery. All of the patients were operated upon
by the same surgeon (TMM) using the same approach
and technique. On the other hand, limitations of our
study include its retrospective nature, the lack of an
independent observer and the limited number of pa-
tients.

Other surgeons have extended the indication for this
kind of surgery include patients with problems due to
major instability of the lumbar spine, such as isthmic
and degenerative spondylolisthesis, degenerative sco-
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liosis, postdiscectomy related instability; although
early results were encouraging [7, 8, 12, 17, 20, 21] the
long-term outcome has been less promising [8, 9, 19,
20]. Table 1 reviews published results of SSS with the
Graf implant. Overall results from the literature indi-
cate that excellent and good outcomes were obtained
in only 46% after an average period of observation of
4.1 years. In our series, excellent and good results were
obtained in 64.1% of patients, probably because of our
restriction of selection of patients to those with non-
structural and temporary segmental destabilization.

Widening of indications for SSS-surgery has led to
discredited of the technique and provoked extensive
discussions amongst spine surgeons [4]. We think that
the statement made by Gardner et al. [4] represents the
most clear-cut rationale for a SSS-procedure: “As
elsewhere in the body SSS is for soft-tissue problems
whereas arthrodesis is for bone problems with irre-
versible soft tissue incompetence”.

Graf [6] stated: “The prosthesis is not a replacement
ligament but rather an auxiliary one that permits a
temporary reorganization of intervertebral movement,
compensatory for the plasticity of the disc and rees-
tablishing the equilibirum of intervertebral articu-
lations”.

It can be argued that the patients who had excellent
or good long-term results had simply recovered from
a temporary disturbance of intervertebral function
through healing of annular tears and of other soft tis-
sue incompetence of the affected motion segment(-s).
The mode of action of the ligament prosthesis has been
widely discussed [1, 5, 7, 18]. Figures 6 and 7 depict
the mode of action of the ligament prosthesis mounted
on pedicular screws. The insertion of ligaments recre-
ates regional lumbar lordosis, the latter increases ten-
sion on the anterior longitudinal ligament, leads to
facet locking and increases intradiscal pressure, as
demonstrated by intraoperative stress profilometry [7].
Therefore the painful stimulation of articular noci-
ceptors decreases and there will be fewer noxious
agents emerging from the disc. In addition, long-term
radiological studies have demonstrated that adverse
effects on adjacent-segment morbidity is probably
less important than after internal fixation and fusion
[1, 11, 16].

An increasing number of spine surgeons try to avoid
fusion and aim to maintain segmental function. An-
other implant designed to maintain function is the dy-
namic neutralization system (Dynesis [2]) which al-
lows a controlled range of motion with the advantage
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PAINFUL STIMULI BY

NOXIOUS BREAKDOWN PRODUCTS

NOCICEPTORS P

LORDOSIS ¥
X ml SALINE
STRESS PROFILOMETRY
1 INTRADISCAL PRESSURE,
Fig. 6. Y
Y
2 2
TENSION A
\

LORDOSIS P [{ FACET LOCKING

LESS SHEAR STRESS
VENOUS CONGESTION ¢

NOCICEPTORS ¢/

71 ml SALINE

NR STRESS PROFILOMETRY
INTRADISCAL PRESSURE

Fig. 7. Y

Figs. 6 and 7. Mode of action of Graf’s prosthesis (see text)

of avoiding facet locking by modular spacers. How-
ever, its users mention that its use should be reserved
for nonstructural lumbar instabilities.
Ligamentoplasty according to Graf has been aban-
doned by the majority of spine surgeons because the
long-term surgical results are mainly unsatisfactory
[Table 1]. The main limitation of the Graf implant is
probably the production of joint overlocking in ad-

vanced loss of disc height in degenerative disc disease.
We also abandoned this technique because the indica-
tions were so highly restricted. Despite the results pre-
sented in this study being slightly better than the out-
come reported by others, we have shifted to modern
non-fusion technology such as total disc arthroplasty.
We believe that the latter will allow to treat a larger
patient population by non-fusion methods.
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Comment

This article presents the long term results in a carefully selected
group of patients who underwent soft spinal stabilisation according
to the technique described by Graf. The results are good — better
than most reported in the long term.

The authors attribute this success to the fact that their patients
represent a highly selected cohort. They point out that the dis-
appointing results which caused most surgeons to abandon this
technique can be blamed on extending the indications beyond those
originally described. If sound indications are present, then soft sta-
bilisation would seem to give good results.
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