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Introduction

Decompression and spinal fusion are considered to 
be the gold standard for lumbar degenerative disease; 
however, the benefit of spinal fusion is associated with 
higher complications, such as significant instrumentation 
failure, infection, and accelerated degeneration of adjacent 
segments.[1‑3] Dynamic stabilization is a potential alternative 
to rigid lumbar fusion for lumbar degenerative disease.[4]

The Dynesys Dynamic Stabilization System (Zimmer Inc., 
Warsaw, IN, USA) was introduced in 1994 as a posterior 

dynamic stabilization device.[5] Dynamic stabilization is 
an attempt to overcome the disadvantages of fusion and 
provide sufficient stability to restore normal segmental 
kinematics, prevent instability, and avoid adjacent segment 
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degeneration  (ASD). Many short‑term follow‑up studies 
have shown positive outcomes for lumbar spinal stenosis 
with or without spondylolisthesis;[6,7] however, long‑term 
studies are limited.[8] Moreover, some recently published 
studies have reported contradictory results, indicating 
that Dynesys may not provide a significant advantage 
for outcomes.[9,10] This retrospective study presented a 
6.6‑year follow‑up (range, 72–96 months) study of lumbar 
spinal stenosis treated with decompression and Dynesys 
stabilization.

Methods

Ethical approval
This study was approved by the Institutional Review Board 
of Army General Hospital of Chinese People’s Liberation 
Army with a waiver of informed consent for its retrospective 
nature.

Patient selection
This retrospective study included 45 consecutive patients 
who underwent decompression and Dynesys stabilization 
for lumbar spinal stenosis from July 2008 to March 2010. 
The symptoms included intermittent claudication, axial 
back pain, leg pain, or any combination of the above. All 
patients had at least three months of conservative treatment 
before surgery. Every patient underwent preoperative X‑ray 
and magnetic resonance imaging (MRI) examinations. The 
patients were divided into stenosis and spondylolisthesis 
groups according to degenerative spondylolisthesis.

The inclusion criteria were degenerative lumbar spinal 
stenosis with or without Grade  I spondylolisthesis and 
disc height  >1/2 of the height of the average adjacent 
segments. The exclusion criteria were prior lumbar surgery, 
degenerative scoliosis >10°, disc height <1/2 of the height 
of the average adjacent segments, more than two levels of 
lumbar stenosis, severe osteoporosis (bone mineral density 
test T‑score <−2.5), and severe spinal deformity.

Surgical technique
Dynesys stabilization was performed as an open procedure 
with a midline skin incision. After the midline incision and 
subperiosteal dissection of the erector spinae muscles, the 
facet joints and the entering points for the pedicle screws were 
exposed. The Dynesys conical titanium alloy pedicle screws 
were then placed transpedicularly without destruction of the 
facet joints, and the position of the screws was confirmed 
by the C‑arm. Then, the ligamentum flavum was resected 
and the dura was exposed, after that a standard fenestration 
laminectomy was cautiously performed to achieve proper 
decompression of the spinal canal. For cases of severe 
stenosis or far lateral stenosis, extensive decompression was 
performed, during which the medial border of the superior 
facet was partially removed to provide a clear view of the 
involved nerve root.[11] After adequate decompression, the 
constructs, polycarbonate‑urethane spacers, and tension 
cords then were assembled. Postoperatively, patients wore 
a soft lumbar brace for three months. After three months, 

patients were allowed to return to their normal activities 
without restriction.

Clinical outcome evaluations
The patients were reviewed after a minimum follow‑up 
period of 72 months by an independent surgeon. Clinical 
outcomes were evaluated using the Oswestry Disability 
Index (ODI) and visual analog scale (VAS) for back and leg 
pain. VAS scores were determined on a scale ranging from 
0 (no pain) to 10 (worst pain imaginable).

Radiographic evaluations
Plain radiographs (anteroposterior and lateral) and functional 
radiographs with flexion and extension lateral views were 
obtained preoperatively and at each follow‑up visit using 
a digital picture archiving and communication system. On 
plain radiographs, the following variables were measured: 
segmental range of motion  (ROM) and the disc heights 
of stabilized segments and the upper adjacent segments. 
Because ASD occurs frequently above the operated segment, 
we only evaluated the upper adjacent segments.[12] The 
segmental ROM was calculated as the difference between 
the segmental angulations in flexion and extension. The disc 
height was determined on lateral radiographs by calculating 
the mean of the anterior and posterior disc heights. The 
occurrence of radiographic and symptomatic ASD was 
also evaluated, as described in a previous study.[11] Implant 
failure, such as screw loosening (“double halo” sign on plain 
radiographs) or breakage, was also noted.[13]

Statistical analysis
Continuous variables were compared using an independent 
two‑sample t‑test and categorical variables were compared 
using a Chi‑square test or Fisher’s exact test. The results 
of improvement differences from baseline (preoperatively) 
to final follow‑up evaluation were assessed using a paired 
t‑test. All data were analyzed using SPSS 19.0 statistical 
software (IBM, Chicago, IL, USA). Statistical significance 
was set at a P < 0.05.

Results

Thirty‑eight patients, with a mean age of 53.4  years 
(range, 38.0–60.0 years), were available for evaluation after 
a mean follow‑up time of 6.6 years (range, 72–96 months). 
Seven patients were lost to follow‑up. Fifteen patients 
(40%) had degenerative spondylolisthesis, as determined 
by preoperative radiographic evaluation. Twenty‑eight 
patients  (74%) underwent one‑level surgeries and 
10  patients  (26%) underwent two‑level surgeries. There 
were no significant differences between the two groups 
when compared in terms of age, gender, follow‑up time, 
and levels of surgeries. Patient demographic and baseline 
characteristics are shown in Table 1.

Preoperatively, there were no significant differences 
between groups in clinical outcomes (VAS and ODI) and 
radiographic measurements (ROM and disc heights). The 
operative time and intraoperative blood loss were similar 
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in the stenosis group compared with the spondylolisthesis 
group [117.6 ± 26.6 min vs. 124.3 ± 20.9 min, P = 0.39, and 
270.0 ± 82.2 ml vs. 293.3 ± 57.8 ml, P = 0.35, respectively; 
Table 1].

Clinical outcomes
The ODI scores were significantly improved at the final 
follow‑up evaluation, as compared to the baseline values 
[16.1 ± 5.7 vs. 57. 2 ± 14.2, t = 61.41, P < 0.01; Table 2]. 
Specifically, the ODI scores were both significantly 
improved in the two groups at the final follow‑up evaluation 
as compared to the baseline values, but the postoperative 
difference between the two groups was not significant 
[Table 2].

The VAS scores for back and leg pain were significantly 
improved from 4.82 ± 0.89 and 4.04 ± 0.82 preoperatively 
to 0.93 ± 0.61 and 0.54 ± 0.51 postoperatively [t = 6.59, 
P < 0.01, and t = 5.91, P < 0.01, respectively; Table 2]. There 
were significant improvements in both groups with respect 
to VAS scores for back and leg pain; however, there were 

no significant differences in postoperative VAS for back and 
leg pain between the two groups [Table 2].

Radiographic outcomes
The ROM of stabilized segments decreased significantly 
from 7.8° ± 2.4° preoperatively to 4.5° ± 1.5° at the final 
follow‑up evaluation  [t  =  7.18, P  <  0.01; Table  3]. The 
ROM of the upper segments increased significantly from 
8.3° ± 2.4° preoperatively to 10.4° ± 2.4° postoperatively 
[t = 2.87, P = 0.01; Table 3]. The changes in the ROM of 
stabilized and upper segments were similar in both groups 
at the final follow‑up evaluation [Table 3]. There were no 
significant differences in the ROM of stabilized and upper 
segments between the two groups postoperatively [Table 3].

The disc heights of stabilized segments increased slightly 
from 11.9  ±  2.1  mm preoperatively to 12.5  ±  1.5  mm 
postoperatively (t = 1.43, P = 0.15), and the changes were 
similar in both groups at the final follow‑up evaluation 
[Table 3]. The disc heights of the upper segments decreased 
significantly from 12.5  ±  2.0  mm preoperatively to 

Table 1: Demographic and baseline data of patients with lumbar spinal stenosis

Variables Total Stenosis group (n = 23) Spondylolisthesis group (n = 15) Statistics P
Age (years) 53.4 ± 5.8 52.2 ± 6.1 55.3 ± 5.0 1.64* 0.10
Gender (male/female), n 23/15 14/9 9/6 0.01† 0.96
Follow‑up time (months) 78.9 ± 6.9 79.0 ± 7.5 78.7 ± 6.0 0.13* 0.90
Operating levels, n

Single level 28 17 11 0.01† 0.97
Two levels 10 6 4

ROM (°)
Stabilized segment 7.8 ± 2.4 7.6 ± 2.5 8.2 ± 2.3 0.75* 0.46
The upper adjacent segment 8.3 ± 2.4 8.6 ± 2.7 7.7 ± 2.0 1.11* 0.28

Disc height (mm)
Stabilized segment 11.9 ± 2.1 12.1 ± 2.1 11.7 ± 2.2 0.56* 0.58
Upper adjacent segment 12.4 ± 1.8 12.4 ± 1.7 12.5 ± 2.1 0.16* 0.87

Surgical duration (min) 120.3 ± 24.4 117.6 ± 26.6 124.3 ± 20.9 0.82* 0.39
Intraoperative blood loss (ml) 279.2 ± 73.6 270.0 ± 82.2 293.3 ± 57.8 0.95* 0.35
*Independent two‑sample t‑test; †Chi‑square test. Values are presented as the mean ± standard deviation or n. ROM: Range of motion.

Table 2: Clinical outcomes of the two groups of patients with lumbar spinal stenosis

Groups Preoperative Postoperative t P
ODI (%)

Total 57.2 ± 14.2 16.1 ± 5.7 61.41 <0.01
Stenosis group 54.4 ± 14.2* 15.5 ± 5.5* 50.31 <0.01
Spondylolisthesis group 61.4 ± 13.7* 16.9 ± 6.1* 40.71 <0.01

VAS (back pain)
Total 4.82 ± 0.89 0.93 ± 0.61 6.59 <0.01
Stenosis group 4.73 ± 0.71* 0.90 ± 0.59* 4.99 <0.01
Spondylolisthesis group 5.01 ± 1.12* 1.02 ± 0.73* 3.66 <0.01

VAS (leg pain)
Total 4.04 ± 0.82 0.54 ± 0.51 5.91 <0.01
Stenosis group 3.92 ± 0.78* 0.52 ± 0.50* 4.47 <0.01
Spondylolisthesis group 4.18 ± 0.83* 0.60 ± 0.51* 3.30 <0.01

Values are presented as the mean ± SD. *No significant difference preoperatively and at the final follow‑up between the stenosis (n = 23) and 
spondylolisthesis (n = 15) groups using the independent two‑sample t‑test, P>0.05. SD: Standard deviation; ODI: Oswestry Disability Index; VAS: 
Visual analog scale.
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11.0 ± 1.7 mm postoperatively [t = 2.94, P = 0.01; Table 3]. 
The decreases in disc heights of the upper segments 
were significant in both groups at the final follow‑up 
evaluation [12.4 ± 1.8 mm preoperatively vs. 11.0 ± 1.6 mm 
postoperatively, t  =  2.56, P  =  0.01, and 12.6  ±  2.3  mm 
preoperatively vs. 10.9 ± 1.6 mm postoperatively, t = 2.35, 
P = 0.03, respectively; Table 3]; however, the difference was 
not significant between the two groups at the final follow‑up 
evaluation [Table 3].

The occurrence of radiographic ASDs was 16%  (6/38) 
after 6.6  years of follow‑up. Specifically, there were 
both three radiographic ASDs in each group at the final 
follow‑up evaluation; the difference was not significant 
(χ2 = 0.33, P = 0.57). Only one symptomatic ASD (3% [1/38]) 
occurred in the stenosis group; the patient underwent a second 
surgical procedure 18 months postoperatively. The radiographs 
and MRI of a typical patient are shown in Figure 1.

Complications
There was screw loosening without clinical symptoms in 6 of 
38 patients (16%) and 7 of 172 screws (4%). There were no 
significant differences in the occurrence of screw loosening 
in patients between the stenosis and spondylolisthesis 
groups (3 vs. 3, χ2 = 0.33, P = 0.57, and 4 vs. 3, χ2 = 0.04, 
P = 0.85, respectively). There was no screw breakage or 
other complications in either group at the final follow‑up 
evaluation.

Discussion

Only a few long‑term studies focusing on the use of Dynesys 
stabilization for lumbar spinal stenosis with or without 
spondylolisthesis have been published. The current study 
indicated that Dynesys stabilization, in combination with 
decompression for lumbar spinal stenosis with or without 
spondylolisthesis, yielded good long‑term outcomes. The 

clinical and radiographic results were similar in both groups 
with or without spondylolisthesis at the final follow‑up 
evaluation.

In recent years, ASD has become a relatively common 
complication of lumbar fusion. Moreover, clinical ASD due 
to spinal stenosis involving the adjacent segments potentially 
requires re‑operation.[14] Preservation of the ROM at the 
stabilized segment could prevent ASD by decreasing stress 
and preventing hypermobility.[15] The Dynesys system is 
a dynamic stabilization system that is used worldwide for 
lumbar degenerative diseases, such as disk herniation,[16] 
degenerative spondylolisthesis,[8,17,18] spinal stenosis,[19‑21] 
degenerative scoliosis,[22,23] and mixed indications.[11,24,25]

Most studies have indicated favorable clinical outcomes 
for patients treated with the Dynesys system.[5‑9,11,15‑18,23,25,26] 
A meta‑analysis[27] compared the clinical and radiologic 
outcomes between the Dynesys system and posterior 
lumbar interbody fusion  (PLIF) and indicated that 
lumbar degenerative disease with or without Grade  I 
spondylolisthesis, particularly in patients who require 
a quicker recovery, would likely constitute the main 
indication for the Dynesys system. The present study 
included patients <60 years of age with mild‑to‑moderate 
lumbar disc degeneration  (disc height >1/2 the height of 
the average adjacent segments). The results showed that, at 
a mean follow‑up duration of 6.6 years, the ODI and VAS 
scores for low back and leg pain in groups with or without 
spondylolisthesis were significantly improved compared 
to the baseline scores. This finding was in agreement with 
previously published data.[8,17,18] We therefore concluded that 
Dynesys stabilization is an acceptable alternative to PLIF 
for the treatment of lumbar stenosis.

Although the Dynesys system was designed to preserve 
motion of stabilized segments and prevent degeneration at 

Table 3: Radiographic outcomes of the two groups of patients with lumbar spinal stenosis

Groups Preoperative Postoperative t P
ROM of stabilized segment (°)

Total 7.8 ± 2.4 4.5 ± 1.5 7.18 <0.01†

Stenosis group 7.6 ± 2.5* 4.4 ± 1.5* 4.20 <0.01†

Spondylolisthesis group 8.2 ± 2.3* 4.7 ± 1.4* 3.20 <0.01†

ROM of the upper adjacent segment (°)
Total 8.3 ± 2.4 10.4 ± 2.4 2.87 0.01†

Stenosis group 8.6 ± 2.7* 10.7 ± 2.5* 2.76 0.01†

Spondylolisthesis group 7.7 ± 2.0* 10.1 ± 2.2* 2.20 0.01†

Disc height of stabilized segment (mm)
Total 11.9 ± 2.1 12.5 ± 1.5 1.43 0.15
Stenosis group 12.0 ± 2.1* 12.4 ± 1.4* 0.53 0.45
Spondylolisthesis group 11.7 ± 2.2* 12.6 ± 1.8* 0.82 0.23

Disc height of the upper adjacent segment (mm)
Total 12.5 ± 2.0 11.0 ± 1.7 2.94 0.01†

Stenosis group 12.4 ± 1.8* 11.0 ± 1.6* 2.56 0.01†

Spondylolisthesis group 12.6 ± 2.3* 10.9 ± 1.6* 2.35 0.03†

Values are presented as the mean ± SD. *No significant difference preoperatively and at the final follow‑up between the stenosis (n = 23) and 
spondylolisthesis (n = 15) groups using the independent two‑sample t‑test, P>0.05; †Significant difference between pre‑ and post‑operative condition in 
each group using the paired t‑test. ROM: Range of motion; SD: Standard deviation.
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the adjacent segments by decreasing stress and preventing 
hypermobility, it is still controversial whether or not dynamic 
stabilization can prevent the occurrence of ASD. A number 
of studies have indicated that the Dynesys system can 
preserve the ROM of the operated segments[9,11,28‑30] and 
prevent radiographic ASD;[9,11,31] however, some studies 
showed negative radiographic results with long‑term 
follow‑up.[10,20,24] The severity of diseases included in these 
studies was relatively severe and the age of the patients was 
relatively advanced, especially in the St‑Pierre study,[10] in 
which no patient was excluded based on age; the average age 
was 76.7 years, 19 patients were in their 80s, and 1 patient 
was 91  years old at the time of surgery. Of the patients, 
15.4% (8/52) had prior ASD and 25% (13/52) had previous 
spine surgery, which may be relative contraindications for 
Dynesys stabilization. This study showed that Dynesys was 
associated with a high rate of ASD over long‑term follow‑up, 
despite maintaining a low fusion rate; however, this 
conclusion should be considered with caution. The authors 
also indicated that the patients were selected on the basis of 
having a presumed higher risk of ASD, likely resulting in an 

increased incidence of clinical ASD. It is entirely possible 
that a fusion procedure in that context would have yielded 
an even higher rate of clinical ASD.

A recent systematic review suggested relative success of 
the posterior dynamic stabilization in protecting against 
ASD and disease.[32] Bredin et  al.[9] reported that at a 
minimum follow‑up duration of 5.5  years, radiologic 
ASD was significantly greater in the fusion group than 
the Dynesys group  (36.0% vs. 12.1%, P  =  0.01). The 
current study showed that Dynesys stabilization partially 
preserved the ROM of stabilized segments from 7.8° ± 2.4° 
preoperatively to 4.5° ± 1.5° at the final follow‑up evaluation. 
The occurrence of radiographic ASD was 15.8% (6/38) and 
that of symptomatic ASD was 2.6% (1/38). The occurrence 
rate was much lower in comparison with reports of fusion 
in the literature,[14] in which the occurrence of radiographic 
and symptomatic ASD was 26.5% and 8.5%, respectively.

Screw loosening is one of the most frequently reported 
complications following Dynesys stabilization.[33] A previous 
long‑term follow‑up study reported that the occurrence of 

Figure  1: The radiological data of a patient with lumbar spinal stenosis without spondylolisthesis. A  53‑year‑old male patient underwent 
Dynesys stabilization due to lumbar spinal stenosis in L4/5. (a and b) The preoperative flexion and extension X‑rays, the ROM of L4/5 was 9°; 
(c and d) the flexion and extension X‑rays 3 months postoperatively, the ROM of L4/5 was 6°; (e and f) the flexion and extension X‑rays 48 months 
postoperatively, the ROM of L4/5 was 4°; (g and h) the flexion and extension X‑rays 96 months postoperatively, the ROM of L4/5 was also 4°. 
ROM: Range of motion.
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screw loosening was 20.5%  (22/107), and three patients 
underwent re‑operations.[34] In the present study, the 
screw‑loosening rate was 15.7%  (6/38) in patients and 
4.1% (7/172) for screws; however, there were no clinical 
symptoms in the patients with screw loosening. This finding 
might be due to the long‑term repetitive high demands 
on construct durability and mechanical strength for the 
Dynesys system. There was no screw breakage and other 
complications at the final follow‑up evaluation.

In conclusion, decompression and Dynesys stabilization 
for lumbar stenosis with or without spondylolisthesis 
showed good long‑term clinical and radiographic results. 
The lumbar canal stenosis with or without Grade  I 
spondylolisthesis, particularly in patients <60 years of age 
with mild‑to‑moderate lumbar disc degeneration, would be 
one of the main indications for the Dynesys system.
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Dynesys动态固定系统治疗腰椎管狭窄症的长期随访
研究

摘要

背景: 在过去十几年中有大量研究显示，Dynesys动态固定系统治疗腰椎退变性疾病取得良好的短期疗效，但是关于Dynesys
系统治疗腰椎管狭窄症的长期随访研究较少。本研究的目的即是评估Dynesys动态稳定系统治疗腰椎管狭窄症的长期临床和
影像学疗效。
方法: 回顾分析2008年7月-2010年3月采用Dynesys 动态固定治疗的腰椎管狭窄症患者38例，最短随访时间为72个月。所有患者根
据是否存在腰椎退变滑脱分为腰椎管狭窄组和滑脱组。临床评价指标包括Oswestry 功能障碍指数(Oswestry disability index，ODI)
和疼痛视觉模拟量表(visual analogue scale，VAS) 评分。影像学评估指标包括手术节段和近侧邻近节段活动度（range of motion, 
ROM）和椎间高度，以及影像学和症状学邻近节段退变的发生情况。
结果:  腰椎管狭窄组共有 23例患者，滑脱组有 15例患者。与术前相比，在末次随访时患者ODI评分显著改善
(16.1 ± 5.7 vs. 57. 2± 14.2，t = 61.41，P < 0.01)。患者腰部和腿部VAS评分分别由术前的4.82 ± 0.89分和4.04 ± 0.82降至末次随
访时的0.93 ± 0.61 分和 0.54 ± 0.51分 (t = 6.59，P < 0.01和 t = 5.91，P < 0.01)。两组患者末次随访时VAS和DOI评分差异无统计
学意义。所有患者手术节段ROM由术前平均(7.8±2.4)°保留至末次随访时的(4.5±1.5)° (t = 7.18，P < 0.05)，近侧邻近节段ROM
由术前的(8.3±2.4)°增加至末次随访时的(10.4±2.4)° (t = 2.87，P = 0.01)。手术节段椎间高度末次随访和术前相比差异无统计学
意义（术前11.9 ± 2.1 mm vs. 12.5 ± 1.5 mm，t = 1.43，P = 0.15），近侧邻近节段椎间高度在末次随访时较术前显著降低(术前
12.5 ± 2.0 mm vs. 术后11.0 ± 1.7 mm，t = 2.94，P = 0.01)。影像学和症状学ASD发生情况分别为16%（6/38）和3%（1/38）。
结论: 减压结合Dynesys动态固定系统治疗腰椎管狭窄症伴/不伴滑脱能够获得良好的长期临床疗效。腰椎管狭窄症伴或不伴I
度滑脱，年龄小于60岁，腰椎间盘轻到中度退变是Dynesys动态固定系统的主要适应证之一。


