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Introduction
Degenerative disc disease (DDD) is the main cause of low back 
pain [1,2]. The most important factor involved in the development 
of DDD is the vertical load of spine, which can activate enzymatic 
processes facilitating discs degenerations, in addition to the 
purely direct (increased fluid stress and hydrostatic pressure) 
and indirect (decreased permeability and nutrition) mechanical 
effects. [3] The repetitive flexion movements and certain genetic 
characteristics may also play an important role in DDD. [4].

One of the most common conditions accompanying DDD is 
segmental instability of the spine. The pathogenesis of segmental 
instability was first described by Kirkaldy-Willis [5]. He divided 
the evolution of the disease into three stages called temporary 
dysfunction, unstable phase and secondary stabilization.

In temporary dysfunction, early signs of disc degeneration 
can only be discovered by MRI. The abnormality compared 
to normal discs is a low signal in the nucleus pulpous without 
decreased disk height or changes in the contour of the annulus 
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Abstract 
Study Design: Analysis of intervertebral disc regeneration after disc height 
restoration by posterolateral spinal fusion with lumbar distraction of 68 patients 
diagnosed with degenerative lumbar instability.

Objectives: To prove that preservation of lumbar lordosis with a simultaneous 
increase of intervertebral disc space and posterior intervertebral distraction can 
help the rehydration and regeneration of intervertebral discs.

Methods: A consecutive series of 68 patients treated for degenerative lumbar 
instability with exclusive posterolateral spinal fusion. These patients were fused 
after posterior distraction of the unstable segments. Radiographic evaluation 
was performed pre and postoperatively by lumbar spine X-rays and MRI scans. 
Intervertebral disc space changes were measured at each fusion levels together 
with changes of lumbar lordosis. Disc water content changes were evaluated in 
T2-weighed sequences of postoperative MRI scans. Oswestry Disability Index was 
used for evaluation of the clinical outcome.

Results: Intervertebral disc spaces were significantly increased in all 122 fused 
levels by radiographic analysis. The average increase of lumbar spine height was 
8.4 mm (SD: 0.3). At the same time, lumbar lordosis increased an average 10.6° 
(SD: 4.1). MRI scans showed signs of disc regeneration in all cases. Oswestry 
Disability Index represented an average 38.2% (SD: 4.6) improvement, which was 
statistically significant (p < 0.001).

Conclusion: Distraction and lordotization technique followed by posterolateral 
fusions of degenerative lumbar segmental instability produce good sagittal balance 
and restore anatomical disc heights with signs of disc rehydration accompanied 
by a significant clinical improvement. The level of evidence: IV. Retrospective or 
historical series.
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fibrous. These abnormalities are often referred as “dehydrated”, 
“desiccated” discs, or simply as “dark discs” [6]. In spite of the 
early radiological signs of disc degeneration, many patients do 
not show any symptoms thus the clinical significance of dark disks 
is quite unknown [7].

Disc degeneration process continues in the second, unstable 
phase, causing the change in the structure of collagen fibers, 
reducing proteoglycan and, consequentially, water concentration, 
which unequivocally leads to the loss of disc flexibility. These 
changes lead to height reduction of discs leading to laxity of 
restraining structures that result in the instability of the spine 
segment affected [8].

The clinical symptoms of DDD are diverse, so diagnosis is often 
inaccurate [9]. The main symptom is the pain, which can arise 
from many reasons and in many different forms. Pain could 
mostly arise from endplate degeneration, small joint arthritis, and 
nerve compression caused by disc protrusion, and inflammation 
caused by the release of biochemical mediators [10]. Segmental 
instability of the lumbar spine can be a significant source of 
pain, as well, although there is not an unequivocally accepted 
theory concerning the connection between instability and 
lumbar spine pain. As a result of the progression of instability, 
movements of the spine become anomalous, exaggerated, even 
limited [11]. Repetitive hypermobility can cause degenerative 
spondylolisthesis, and in an extreme case, even degenerative 
scoliosis [10].

Clinical appearance of the instability is not specific either. Next 
to spine pain, no clinical signs or symptoms are known which can 
unequivocally be connected to lumbar spine instability. Despite 
more and more advanced imaging techniques there was no 
success in proving a connection between radiological signs and 
clinical symptoms of the instability [12].

The lumbar instability does not even have a definition collectively 
accepted by all specialists working with diagnosis and treatment 
of the disease. On the other hand, most agree on the existence of 
lumbar instability (developing in DDD) and the pain it causes [8].

Similar to its diagnosis, there is no unequivocally accepted 
recommendation for the treatment of lumbar instability. 
Conservative treatment is the traditional approach, which is 
usually a combination of painkillers and physiotherapy. In the 
case of ineffectiveness, a surgical procedure is a viable alternative. 
Most of the surgical procedures aim to use spine fusion to 
mend the pain caused by disc degeneration after sacrificing 
the intervertebral discs. Many techniques and procedures 
were developed to attain spine fusion, in most cases; however, 
the actual surgical approach is determined by the surgeon’s 
experience and opinion [13,14].

Promotion of disc regeneration may be a completely new 
therapeutic approach. Disc cell therapies, in which cells are 
injected into the degenerate disc to regenerate the matrix and 
restore function, seems to be an attractive, minimally invasive 
method of treatment. The repair process in human discs, 
however, is a very slow process, even in healthy human discs. 

Considering that disc reparation that relieves clinical symptoms 
requires a long time, quality of life is questionable during this 
lengthy process [15].

Even though animal studies have been demonstrated that disc 
regeneration can be enhanced by pressure reduction, there has 
been no surgical instrumentation developed to help reducing disc 
pressure [16,17].

The aim of the present study was to observe intervertebral disc 
behavior after performing posterior intervertebral distraction 
during lumbar spinal fusion carried out in cases of segmental 
lumbar instability. The influence of posterior distraction on 
lumbar lordosis and its effect on patient satisfaction after surgery 
was also studied.

Materials and Methods
68 patients (36 women and 32 men) operated by the same surgeon 
were selected for this study based on the protocol approved by 
the ethical committee of the institutions of the senior author. 
The mean age of patients was 49.2 years (SD: 10.0) at the time 
of surgery. The minimal follow-up is two years, the maximal is 
9.4 years. The average follow-up is 7.5 years (SD: 1.7). Indication 
for lumbar spine fusion surgery was degenerative segmental 
instability, with a high percentage of low back pain according to 
the patient’s Oswestry disability index (ODI) [18].

The instability was diagnosed both functionally - brace wearing 
and preoperative imaging techniques such as plain radiographs 
and MRI. The surgery was performed only if the pain has been 
significantly reduced according to the patients’ considerations 
after three months of continuous lumbar brace wearing. 
Patients were excluded if they had signs of neural compression, 
generalized disc degeneration showed on radiographs or other 
specific radiological findings such as stenosis, spondylolisthesis 
(more than Grade I), fracture, infection, or neoplasm.

All patients underwent posterior spinal fusion surgery using 
Claris transpedicular screw and rod system (ScientX France, 
than AlphatechSpine, USA). In each case, the transpedicular 
screw insertions were followed by distraction on the pre-bended 
titanium rods. The rod bending depended on the degree of 
lordosis desired to be achieved postoperatively while the extent 
of distraction was defined by the average height of healthy discs 
above and below the planned fusion segments. After the correction 
maneuver large amount of bone allograft transplantation from 
the local bone bank was performed posterolaterally to achieve 
good bone fusion.

Study protocol: Measurement values and 
methods
The same imaging protocol was used pre and postoperatively. 
Plain radiographs and MRI scans were performed in each 
case. To evaluate changes in he sagittal balance after the 
posterolateral fusion, lumbar lordosis was measured both pre- 
and postoperatively.

The posterior intervertebral space was measured twice in the 
area connecting the tip of the posterior margin of the vertebral 
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body on each radiographic image and the mean values were used 
to determine relative disc space changes in percentages. Changes 
in the total length of the lumbar spine were also measured, using 
a line is drawn next to the posterior wall of the vertebral bodies 
between the upper endplate of LI and S1.

Postoperative MRI scan was performed one year after the surgery 
to detect disc regeneration according to water content changes 
on T2 - weighted images using a 1.5 Tesla scanner (Siemens AG). 
Sagittal plane T1 - weighted images were obtained with a TE/TR 
of 10/500 ms, and T2 - weighted images were constructed with 
a TE/TR of 100/2800 ms, with a slice thickness. The images were 
visualized using Syngo Fast View (Siemens AG).

Functional outcome
Functional outcome changes were measured using ODI, which 
is a valid condition-specific outcome measure of spine-related 
disability. The ODI has ten questions on pain and pain-related 
disability, on daily life activities, on social participation and is 
patient-administered. The sum is calculated as a percentage, with 
0% representing no pain and disability and 100% representing 
the highest level of pain and disability [18].

Statistical analyses
For descriptive purposes, the quantitative data were presented 
as means with (SD) while the qualitative data were expressed in 
percentages. For comparative analysis paired-sample t-test was 
performed using SPSS 16.0.

Results
68 patients (36 women and 32 men) were included. Mean age 
was 49.2 years (SD: 10.0) at the time of surgery. The average 
follow-up was 7.5 years (SD: 1.7) with minimum/maximum values 
of 2.0 and 9.4 years. Changes in lumbar lordosis. In a total of 68 
cases the average preoperative lordosis was 38.2° (SD: 4.6) the 
postoperative was 48.8° (SD: 3.7) while the average increase 
of lumbar lordosis was 10.6° (SD: 4.1) measured by the Cobb 
method.

Disc height analysis
Total number of fused segments was 122 and levels of the 
instrumented segments were the following: L5-S1: 27; L4-S1: 18; 
L4-L5: 8; L3-S1: 9 and L2-S1: 6. The extent of disc height changes 
in each segment is shown in Figure 1. 

The total length of the lumbar spine was distracted by an average 
8.0 millimeters (SD: 3.7) from 194.4 (SD: 7.7) to 201.8 (SD: 8.2) 
mm.

MRI findings
Tissue response to surgery was evident in sagittal views, mostly 
on T2 - weighted intensity images. Spines that were evaluated 
after one year of surgery demonstrated significant increase in disc 
hydration. After one year on MRI pictures, the water content of 
the distracted discs became similar to the normal discs above the 
lesion (Figures 2-4). At that time, neither clinical nor radiologic 

signs of pseudoarthrosis nor non-union of the fused spine were 
detected.

Functional outcome
ODI score was used preoperatively and one year after surgery 
for postoperative evaluation of patients’ outcomes. 61 of 68 
(90%) patients had preoperative ODI. 56 of 68 (83%) patients 
had postoperative scores available. The average preoperative 
ODI score was 68.8% (SD: 6.8), which decreased to 28.4% (SD: 
3.8). That represents an average of 38.2% (SD: 4.6) statistically ≤ 0 
significant 0.001). Improvement (p after two-year clinical follow-
up our patient's satisfaction did not change and did not require 
additional clinical or radio imaging studies.

During the follow-up period, none of our patients were re-
operated on by us because of pain, implant failures, or recurrent 
lumbar spine problems. Also, we have no information that 
anyone of our patients would have been operated on in any other 

Figure 1 The extent of average disc height changes in each 
segment.

Figure 2 58 years old women have lumbar instability between 
L4-L5 and L5-S1. Preoperative sagittal X-ray (A) 
Postoperative sagittal X-ray performed after lumbar 
fusion between L4 - S1 (B).
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institutions because of problems associated with the first spinal 
surgery or adjacent level disease.

Discussion
Even though most spine specialists agree on the existence of 
lumbar spine instability, neither the definition nor the clinical 
picture of the disease is clearly defined [12]. Nevertheless,lumbar 
spine instability formed on the basis by disc degeneration is 
considered one of the most important factors of spinal pain and 
one of the most common indications for fusion surgery following 
ineffective conservative treatment [8].

In the third phase, so-called secondary stabilization of the disease, 

the clinical picture is dominated by radicular compression caused 
by secondary stenosis of the spinal canal developing on the basis 
by of repetitive rotational overload inducing increased bone 
turnover which eventually leads to osteophyte formation [19]. 
Indication for surgery is obvious with a primary aim to liberate 
neurological components.

In the second, unstable phase, however, the surgical indication is 
sometimes difficult to set up. Currently, the most common surgical 
procedure for segmental instability is ventral fusion accompanied 
with posterior transpedicular fixation [13]. During any approach 
of ventral fusion (PLIF, TLIF, ALIF, etc.) the intervertebral disc is 
always sacrificed. The question may arise, whether is not that 
an excessively aggressive intervention to sacrifice all discs? This 
question is particularly pointed in the first phase of instability 
called temporary dysfunction, wherever only “dehydrated” or 
dark discus can be found behind the complaints. Would not be 
a better approach to help regeneration of discus function in this 
stage?.

The histological and biomechanical analysis of the motion 
segments show that intervertebral disc damage and its progression 
only occurs through a "degenerative cascade", when continuous 
axial overloading is exerted on the discs [20]. Due to increased 
hydrostatic pressure on the discs water content is reduced mainly in 
the nucleus pulpous and the annulus fibrosus, as well, resulting in loss of 
the capacity for collagen and proteoglycan synthesis and regeneration 
of the discs, an ability that is rather slow even in healthy discs [21]. 
The constant disc overload progressively leads to disc degeneration, 
eventually causing segmental instability [22].

By pressure reduction on intervertebral discs, its regenerative 
capacity can be significantly improved. This could be easily 
obtained by intervertebral distraction [23,24]. In clinical practice, 
posterior lumbar distraction is not a widely accepted procedure 
during spinal fusion surgery. The reason for this is that posterior 
lumbar distraction is considered to be the key source for lumbar 
lordosis reduction and sagittal imbalance amplification [25]. 
However, this statement is based primarily on the negative results 
observed after using Harrington instrumentation for lumbar spine 
fusion, and unfortunately, is firmly established as an axiom in 
spine surgeons' beliefs. It is clear that posterior distraction of the 
lumbar spine on a straight Harrington rod will diminish lumbar 
lordosis and result in flat back syndrome [26].

The introduction of surgical instrumentation allowing three-
dimensional correction of spine deformities fundamentally 
altered the potential for the preservation of lumbar lordosis. 
With the distraction fixed on rods that are shaped corresponding 
to the desired postoperative lordosis, it is possible to distract 
adjacent vertebral bodies without diminishing the lordosis of the 
spine. In our series, despite posterior distraction, lumbar lordosis 
was not decreased; on the contrary, an average 10° increase of 
the lumbar spine lordosis was observed.

However, the use of monoaxial screws is primordial. A more up-
to-date option, the use of polyaxial screws provides the ability 
to alter the axis of the screw relative to its screw head. During 

Figure 3 Same patient MRI scan T2 - weighted image before 
surgery (A) and six months after posterior spinal fusion 
(B). The L4-5 and L5-S1 discs show increased water 
content on the post-operative MRI image (B).

Figure 4 Same patient MRI scan STIR image before surgery (A) and 
six months after posterior spinal fusion (B). The increased 
discus water content may lead to the restoration of the 
regeneration ability.
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During the posterior distraction, aligned screw heads could be 
fixed to the pre-bended rod without displacement of adjacent 
screws therefore without moving away vertebral bodies above 
and below. In contrast, posterior distraction using monoaxial 
screws lead to the displacement of adjacent vertebral bodies, as 
a result of the fixed and constant axis of the screw and its screw 
head. As a consequence of intervertebral distraction, reduction 
of hydrostatic pressure on intervertebral discs is achieved. In this 
study, the posterior distraction vertebrae was carried out until 
intervertebral distances became comparable to normal values in 
healthy discs above or below.

Intervertebral disc height is partly influenced by the water 
content of the nucleus pulpous, which is normally about 80%. MRI 
provides a sensitive method to determine the water content of 
the intervertebral disc [27]. The decrease of the water content of 
nucleus pulposus indicates the progression of disc degeneration 
while the increase of water content reflects the result of its 
regenerative capacity [28]. After axial posterior distraction, 
postoperative MRI images revealed an increase of water content 
inside the disc tissue, especially inside the nucleus pulpous. In 
our opinion, this rise of water content may be associated with the 
increasing regenerative capacity of intervertebral discs.

Lumbar fusion in spinal instability cases usually leads to a 
significant improvement in low back pain and spinal function, as 
well [29].

Clinical outcome was assessed by using ODI in our study, because 
it is a valid condition-specific measure of spine-related disability 
and an objective tool to evaluate the efficacy of clinical treatment. 
It measures the daily functional disability induced by spine 
pathology. The improvement of the ODI score is a direct indicator 
of the impact of lumbar fusion and the decline in the patients’ 
symptoms [30]. An average 38% improvement of ODI score 
achieved in our series denotes a significant and considerable 
clinical improvement.

Conclusion
Posterior lumbar fusion after distraction on rods shaped 
corresponding to a normal degree of lordosis helps to restore 
the anatomic disc height and improves the quality of live in 
patients suffering from low back pain due to degenerative lumbar 
segmental instability. Adequate vertebral alignment and spinal 
stability is restored by surgical fusion. The MRI findings indicate 
that disc height restorations allow a better rehydration and 
probably better nutrient supply of the discs.

Our observation raises several questions.

Whether the imaging phenomenon is accompanied by any 
meaningful biological regeneration of intervertebral discs? This 
issue is currently under our research.

If any biochemical or biological signs of regeneration could be 
found after mechanical distraction, the following questions need 
to be answered: Is posterior arthrodesis necessary in all cases, 
or perhaps only dynamic stabilization or temporary posterior 
distractions in a minimally invasive way would be enough to 
restore the normal intervertebral disc functions?
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