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Abstract

Objectives: Adjacent segment degeneration (ASDe) and adjacent segment disease (ASDi) are potential
long-term complications after lumbar fusion with rigid instrumentation. Dynamic fixation techniques
(Topping-off) adjacent to the fused segments have been developed to curtail the risk of ASDe and
ASDi. The current study sought to investigate whether the addition of dynamic rod constructs (DRC) in
patients with preoperative degeneration in the adjacent disc was effective in reducing the risk of ASDi.

Methods: A retrospective analysis was performed on clinical data of 207 patients with degenerative lumbar
disorders (DLD) from January 2012 to January 2019, who underwent posterior transpedicular lumbar fusion (without
Topping-off, NoT/O), and posterior dynamic instrumentation with DRC. Clinical and radiological outcomes were
evaluated using Oswestry Disability Index (ODI), Visual Analogue Scale (VAS), and lumbar radiographs one, three,
and 12 months postoperatively and annually. ASDe was defined as disc height collapse > 20% and disc wedging >
5. Patients with confirmed ASDe and aggravation of ODI > 20 or VAS score > 5 at final follow-up were diagnosed
as ASDi. The Kaplan-Meier hazard method was used to estimate the cumulative probability of ASDi within 63 months
of surgery.

Results: Over three years of follow-up, 65 patients in the NoT/O (59.6%) and 52 cases (53.1%) in the DRC groups
met the diagnostic criteria for ASDe. Furthermore, 27 (24.8%) patients in the NoT/O group showed ASDi during the
follow-up, compared to 14 (14.3%) cases in the DRC group (P=0.059). Revision surgery was performed on 19
individuals in the NoT/O and 8 cases in the DRC groups (P=0.048). The Cox regression model identified a
significantly decreased risk of ASDi if DRC was used (Hazard ratio: 0.29; 95% CI: 0.13-0.6).

Conclusion: Dynamic fixation adjacent to the fused segment is an effective strategy for preventing ASDi in carefully
selected individuals with preoperative degenerative changes at the adjacent level.

Level of evidence: Il

Keywords: Adjacent segment disease, Degenerative lumbar spinal disorders, Dynamic fixation, Lumbar
instrumentation, Rigid fixation

Introduction

L umbar fusion has been demonstrated to be an
important treatment option, ! and it can improve

functional outcomes in carefully selected
symptomatic individuals with different degenerative
lumbar disorders (DLD). 2 3 despite favorable clinical
outcomes of fusion surgery, complications of utilizing rigid
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instrumentation have raised concerns over the past years.
45 Adjacent segment degeneration (ASDe) and adjacent
segment disease (ASDi) are deemed to be potential long-
term complications subsequent to rigid spinal fixation,
which can develop due to biomechanical changes, such as
an increase in range of motion and intradiscal pressure at
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the upper segment adjacent to the fused level. 36 The rate
of ASDe in previous literature was reported 18.6%
(ranging from 8.5% to 69.4%), depending on the sample
size and follow-up duration, 7 and the incidence of ASDi
varied from 5.2% to 36.1% after 10 years of follow-up. 8
Moreover, it is reported that ASDe of the segment superior
to the fused level occurred in up to 80% of the patients after
lumbar fusion. 210 [n this regard, it is crucial for surgeons to
meticulously evaluate the adjacent disc above the fused
segments so as to reduce the risk of ASDe. 3

The addition of dynamic instrumentation devices, either
pedicle screw- or rod-based, adjacent to the fused segment
(Topping-off technique) has shown to be effective in
preserving the mobility of the instrumented segments,
thereby lessening the risk of ASDe in the adjacent segment.
56 The rationale behind using Topping-off techniques is that
the semi-rigid zone maintains a gradual transition between
the caudal rigid fused level and the unfused cephalad-
mobile segments to reduce the pressure concentrated at the
adjacent level. 3¢ This considerably contributes to imitating
the physiologic behavior of the spine 1! Baioni et al. 12 and
Maserati et al. 13 reported satisfactory patient-related
outcomes following the use of pedicle screw-based dynamic
devices (Dynesys Transition Optima device [Zimmer Spine
Inc., Denver, Colorado, USA]) for DLD. By contrast, Putzier
et al. 1* and Lee et al. 15 showed that clinical improvement
between dynamic instrumentation and only fusion groups
did not differ significantly. A recent comparative study by
Fuster et al. ¢ on rigid and dynamic stabilization revealed
promising results in favor of the application of the Topping-
off technique with dynamic rod constructs (DRC). Although
they showed that DRC decreased the risk of ASDi, their
results could not corroborate previous studies owing to
their short-term follow-up and low sample size.

As a result, the preventive role of posterior dynamic
devices immediately above the fused level from
symptomatic ASDi has remained a contentious matter
amongst spine surgeons. This study sought to compare
posterior transpedicular lumbar fusion (without Topping-
off, NoT/0), and posterior dynamic instrumentation with
DRC in terms of clinical and radiological outcomes in
patients with some degree of preoperative degeneration in
the disc adjacent to the fusion segment.

Materials and Methods
Patients

This retrospective clinical and radiological assessment
comprised all patients diagnosed with a degenerative
lumbar spinal disease and underwent posterior
transpedicular lumbar fusion with (DRC) or without the
Topping-off technique (NoT/0) between January 2012 and
January 2019 [Figure 1]. From 2012 onwards, DRC was
commenced to be used in our center. To determine the lower
limit of our sample size, the following formula was used to
compare two proportions [n=(Za2+Zg)? * (p1(1-p1)+p2(1-
p2)) / (p1-pz)?].'® Where Zq2 is the critical value of the
normal distribution at a/2 (e.g, for a confidence level of
95%, o is 0.05, and the critical value is 1.96), Zg signifies the
critical value of the normal distribution at 3 (e.g., for a power
of 80%, B is 0.2, and the critical value is 0.84), and p1/p2
present the expected sample proportions of the two groups.
According to the most recent similar study, ¢ p1 and pz were
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0.042 and 0.20, respectively. To provide a longer follow-up,
compared to former studies, patients with a history of fusion
surgery of fewer than 36 months were excluded. All the
surgeries were performed over the same interval by an
experienced spine surgeon in Razavi Hospital, Mashhad,
[ran.
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Figure 1. (A) and (B) Posterior transpedicular lumbar fusion without
Topping-off technique. (C) and (D) Dynamic stabilization as the
Topping-off technique with DRC (FRADIS Medical Inc, Salouél, France).
IL: Index level; AL: Adjacent level; DRC: Dynamic rod construct

The inclusion criteria were as follows: (1) radiculopathy or
axial pain with the lumbar origin, (2) follow-up duration of
more than 36 months with complete pre-and postoperative
clinical and radiological evaluation, (3) single- or two-level
lumbar fusion, (4) preoperative Pfirrmann grade of = three
17,18 on magnetic resonance imaging (MRI) for the adjacent
disc above the fused level, and (5) no response to
conservative treatment for > six months. On the other hand,
the exclusion criteria were a history of osteoporosis or
metabolic bone disease, vertebral fracture adjacent to the
fusion level, and preoperative Oswestry Disability Index
(ODI) < 20.¢

Of 226 patients who fulfilled the eligibility criteria, 19
individuals were removed from the study on account of
incomplete clinical or radiological follow-up. Moreover,
Patients’ characteristic data, including age, gender, body
mass index (BMI), prior history of diabetes or hypertension,
as well as type and duration of the symptoms, were
collected. This study was approved by the Local Ethics
Committee of AJA University of Medical Sciences (Approval
ID: IR.AJAUMS.REC.1401.028) and was conducted based on
the ethical standards of the 1964 Declaration of Helsinki.
Informed written consent was obtained from all the
participants.

Clinical and radiological assessment

The preoperative clinical and radiological evaluations were
performed through a neurological examination, ODI, Visual
Analogue Scale (VAS), lumbar MRI, as well as standing and
dynamic lumbar X-ray. At follow-up visits, ODI for functional
status, 1° VAS for low back pain and radicular leg pain, 2021
and lumbar radiographs were conducted one, three, and 12
months postoperatively and annually thereafter. In cases of
recurrent symptoms subsequent to the surgery, MRI was
performed to evaluate the need for revision surgery.
Preoperative lumbar disc degeneration and end plate
changes were analyzed using Pfirrmann and Modic
classification scales, respectively. Radiographic parameters,
such as lumbar lordosis (L1-S1 Cobb’s angle), pelvic
incidence, pelvic tilt, sacral slope, the adjacent disc height,
and segmental Cobb’s angle were measured pre-and
postoperatively.
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The adjacent segment was considered the segment above
the fused vertebrae or the segment with dynamic
instrumentation in case of using the Topping-off technique
[Figure 1]. Postoperative ASDe were defined as follows: (1)
disc height collapse > 20% and (2) disc wedging > 5°. 10.14
Furthermore, patients were diagnosed with ASDi in case of
confirmed ASDe as per the above criteria and aggravation of
postoperative ODI > 20 or VAS (leg/back pain) score > five
at final follow-up. ¢

Surgical procedure

All the surgeries were conducted with the patient in a
prone position under general anesthesia. A standard
midline incision was done over the spinous processes of
the lumbar vertebrae, separating subperiosteal muscles
bilaterally. Laminectomy with foraminal decompression,
facetectomy, and discectomy was performed to adequately
decompress the neural elements prior to pedicle screw
fixation. Real-time fluoroscopy was utilized to achieve the
accurate placement of pedicle screws. In cases of using
dynamic rods (FRADIS Medical Inc, Salouél, France),
pedicle screws were placed lateral to the facet joints to
avert facet joint violation.

Statistical analysis

Continuous variables are shown as mean+SD or median
and interquartile range (IQR) values and were compared
using the Student t-test or the Mann-Whitney U-test as
per the Kolmogorov-Smirnov test of normality.
Qualitative variables were described using absolute
frequencies and percentages and were compared using
the chi-square test or Fisher’s exact test, when necessary.
McNemar and Wilcoxon tests were also utilized for
continuous and qualitative variables, respectively, to
compare paired preoperative and postoperative data. The
Kaplan-Meier hazard method was applied to estimate the
cumulative probability of ASDi within 63 months of
surgery. The log-rank test was performed to compare
hazard curves. A logistic regression model was employed
to identify independent variables related to ASDe, and a
Cox regression model was performed to identify
independent variables related to ASDi. The presence of
interaction and the role of confounding factors were
assessed. Statistical analyses were performed using SPSS
software (version 26, SPSS Inc., Chicago, Illinois, USA).
Statistical significance was defined as a P-value less than
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0.05.

Results
Descriptive data

In total, data from 207 patients were used in this study. Of
them, 109 (52.7%) individuals underwent posterior
transpedicular lumbar fusion without the Topping-off
technique (NoT/O group), while the other (n=98; 47.3%)
underwent fusion with dynamic stabilization (DRC group).
The mean+SD age of the patients was 56.9+6.3 years, and
56% of the cases were female. The baseline characteristics
of the subjects are summarized in [Table 1]. In total, 49
(23.7%) patients received single-level fusion (L3-L4 in five
cases, L4-L5 in 29 cases, and L5-S1 in 15 cases), and 158
(76.3%) subjects received two-level fusion (L2-L4 in 14
cases, L3-L5 in 36 cases and L4-S1 in 108 cases). The mean
(SD) BMI of the cohort was 27.29 kg/m2, and 77 (37.2%)
patients were smokers. Moreover, 21 (10.1%) and 58
(28%) patients suffered from lumbar pain and
radiculopathy, respectively, while 128 (61.8%) cases
complained of both symptoms. The preoperative mean+SD
values of ODI and VAS scores were 68.67+13.62 and
7.14+1.79, respectively. The preoperative Pfirrmann grade
of = three at index and the adjacent level was observed in
192 (92.8%) and 45 (21.7%) patients, respectively. Modic
changes prior to the surgery were seen in 136 (65.7%)
subjects. Spondylolisthesis was present in 114 (55.1%)
cases with a median of 18% (IQR, 15%-20%) in the
percentage of listhesis.

Clinical and radiological outcomes

The preoperative mean+SD disc height at the adjacent
level was 7.69£0.90 mm. The mean+SD values of L1-S1
Cobb’s angle, pelvic incidence, pelvic tilt, and sacral slope
were 50.61°£6.54°, 58.81°+6.77°, 22.93°+5.11°, and
36.53°+4.37°, respectively. The average preoperative and
final follow-up L1-S1 Cobb’s angle (50.61°versus 51.41°),
pelvic incidence (58.81° versus 59.54°), pelvic tilt (22.93°
versus 25.00°), and sacral slope (36.53° versus 36.22°) are
shown according to the type of instrumentation [Table 2].

In this regard, there was a significant difference between
the NoT/O and DRC groups regarding the sacral slope
(37.84° versus 34.42°, P<0.001).

Table 1. Comparison of patients’ characteristics between NoT /O group and DRC group

Baseline characteristic NoT/O group (n=109) DRC group (n=98) P-value *
Age (year) 57.0+6.9 56.7+5.6 0.898
Female 61 (56%) 55 (56.1%) 0.982
Body mass index (kg/m2) 27.9+3.0 26.6+3.8 0.005
Smokers 40 (36.7%) 37 (37.8%) 0.875
Symptoms prior to surgery Lumbar pain 12 (11%) 9 (9.2%) 0.907¢

Radicular 30 (27.5%) 28 (28.6%)

symptoms

Both lumbar and 67 (61.5%) 61 (62.2%)

radicular
Duration with symptoms (months) 23.6%7.7 25.8+7.4 0.047
Type of vertebral fusion 0.042%

Single fusion 32 (29.4%) 17 (17.3%)
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Table 1. continued

- Two-level fusion 77 (70.6%) 81 (82.7%) 0.42
- Length of fusion L5-S1 11 (10.1%) 4 (4.1%)
L4-L5 18 (16.5%) 11 (11.2%)
L3-L4 3 (2.8%) 2 (2%)
L4-S1 53 (48.6%) 55 (56.1%)
L3-L5 18 (16.5%) 18 (18.4%)
L2-L4 6 (5.5%) 8 (8.2%)
Pffirmann preoperative Index level 100 (91.7%) 92 (93.9%) 0.554
classification >3 at Adjacent level 11 (10.1%) 34 (34.7%) 0<0.001
Modic changes >1 before surgery 79 (72.5%) 57 (58.2%) 0.030
Spondylolisthesis before surgery 66 (60.5%) 48 (48.9%) 0.095
Listhesis$ % 17.2+4.0 16.5+4.0 0.335

Statistically significant differences are shown in bold. NoT/O: Not topping-off; DRC: Dynamic rod construct; * NoT /O group and DRC group were compared.
T Pearson’s x2 P-value with 2 degrees of freedom to test the data distribution of all type of symptomatology. $ Pearson’s x2 P-value with 5 degrees of freedom
to test the data distribution of all type of vertebral fusion. § Calculated among patients with spondylolisthesis (n=114)

In addition, there was not a significant difference in with ASDi (as per the criteria discussed in the
the disc height at the adjacent level between NoT/O “Methods” section). Of them, 27 (12.9%) cases were
and DRC groups over the follow-up period [Table 2]. unresponsive to conservative treatment and required
After a median follow-up of 50 months (IQR, 44-56 revision surgery [Table 3].

months), progression of ASDe was observed in 117
(56.5%) individuals whilst 41 (19.8%) cases presented

Table 2. Comparison of radiographic parameters between NoT/O group and DRC group at the adjacent segment

NoT/O group DRC group P-value”
(n=109) (n=98)

Mean L1-S1 Cobb’s angle (°)
Preoperative 50.46+6.75 50.79+6.54 0.515
1 month postoperative 48.16+6.47 46.72+6.34 0.212
Last follow-up 52.12+6.74 50.62+6.25 0.172
Mean PI (°)
Preoperative 59.37+7.44 58.20+6.72 0.319
1 month postoperative 59.16+5.85 57.73+6.50 0.225
Last follow-up 60.20+5.02 58.81+5.84 0.255
Mean PT (°)
Preoperative 23.43+5.54 22.38+5.07 0.132
1 month postoperative 22.23+4.74 21.39+4.34 0.165
Last follow-up 24.66+4.01 25.39+£4.01 0.167
Mean SS (°)
Preoperative 36.78+4.46 36.26+4.37 0.505
1 month postoperative 38.09+3.42 37.44+3.62 0.241
Last follow-up 37.84+3.84 34.42+4.45 <0.001
Mean segmental angle (°)
Preoperative 8.81+1.21 8.99+1.18 0.258
1 month postoperative 7.48+1.34 7.80+1.38 0.108
Last follow-up 9.79+1.70 9.37+1.67 0.133
Mean disc height (mm)
Preoperative 7.70£0.89 7.68+0.92 0.822
1 month postoperative 7.78+0.87 7.75+0.89 0.846
Last follow-up 6.51+0.84 6.49+0.82 0.821

Statistically significant differences are shown in bold. NoT/O: Not topping-off
DRC: Dynamic rod construct group

PI: Pelvic index

PT: Pelvic tilt

SS: Sacral slope; * NoT/O group and DRC group were compared
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Table 3. Comparison of outcomes between NoT/O group and DRC group

Outcomes

Follow-up (months)

Bleeding during surgery (mL)
Duration of surgery (min)
ASDe at last follow-up

ASDi at last follow-up

Revision surgery due to ASDi

NoT/O group (n=109) DRC group (n=98) P-value”
50.0+6.7 50.7+7.9 0.546
402.3+394.2 294.8+65.0 0.774
217.0+25.9 221.3+22.5 0.620
65 (59.6%) 52 (53.1%) 0.341
27 (24.8%) 14 (14.3%) 0.059
19 (17.4%) 8 (8.2%) 0.048

Statistically significant differences are shown in bold. NoT /O: Not topping-off; DRC: Dynamic rod construct; ASDe: Adjacent segment degeneration;

ASDi: Adjacent segment disease; * NoT/O group and DRC group were compared

The medium preoperative and final VAS scores (7.1
and 3.1) and ODI (68.6 and 28.24) according to the type
of surgery are shown with a significant worsening in the
clinical outcome in the NoT/O group versus DRC in both
the scales [Figure 2].

The trend of changes in radiological and clinical
parameters of both surgical groups was assessed. There
was a significant difference between the two groups in

terms of mean L1-S1 Cobb’s angle differentiation at 1
month postoperatively and last follow-up. Mean pelvic
tilt, sacral slope, and segmental angle differentiation
between NoT/O and DRC groups did significantly differ
at the last follow-up. Furthermore, there was a
substantial difference between the two groups in terms
of mean VAS and ODI differentiations at the last follow-
up [Table 4].

A Visual Analogue Scale (VAS)

7227106

247 2431

(= SRR N ]

Preoperative

1 month postoperative

B. Oswestry Disability Index (ODI)

80 68/1 6973
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40
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B NoT/O group
mDRC group
Last follow-up
32/51 B NoT/O group

24/54 24113 l 23/5 u DRC group

1 month postoperative Last follow-up

Figure 2. (A) Median Visual Analog Scale (VAS) and (B) Oswestry Disability Index (ODI) measured preoperatively, 1 month postoperative, and atlast
follow-up, as per the group of treatment: NoT/O: Not Topping-off; DRC: Dynamic rod construct

Table 4. Comparison of changes in radiographic and clinical parameters between NoT/0 group and DRC group at the adjacent segment

Radiographic parameters

Mean L1-S1 Cobb’s angle differentiation (°)
1 month postoperative

Last follow-up

Mean PI differentiation (°)

1 month postoperative

Last follow-up

NoT/O group (n=109) DRC group (n=98) P-value®
-2.30+0.91 -4.06£1.29 <0.001
1.66+3.01 -0.16+7.97 0.035
-0.21+9.09 -0.46+9.05 0.838
0.8349.20 0.60+8.94 0.854
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Table 4. continued

Mean PT differentiation (°)

1 month postoperative

Last follow-up

Mean SS differentiation (°)

1 month postoperative

Last follow-up

Mean segmental angle differentiation (°)
1 month postoperative

Last follow-up

Mean disc height differentiation (mm)
1 month postoperative

Last follow-up

Clinical parameters

Mean VAS differentiation

1 months postoperative

Last follow-up

Mean ODI differentiation

1 months postoperative

Last follow-up

-1.20£2.01 -0.98+2.23 0.473
1.22+6.18 3.02+1.86 0.005
1.31+£2.82 1.18+5.38 0.833
1.06£2.41 -1.83+2.49 <0.001
-1.33%1.01 -1.18+1.76 0.488
0.96+1.30 0.38+1.96 0.014
0.06x0.56 0.07£0.58 0.958
-1.19£0.94 -1.19£91 0.987
-4.75+2.69 -4.74+2.08 0.982
-3.10£3.01 -4.95+2.33 <0.001
-43.55+15.95 -45.17+14.26 0.446
-35.58+15.82 -45.80+13.96 <0.001

Statistically significant differences are shown in bold. NoT /O: Not topping-

off, DRC: Dynamic rod construct group; PI: Pelvic index, PT: Pelvic tilt, SS:

Sacral slope; VAS: Visual analog scale; ODI: Oswestry disability index; * NoT /O group and DRC group were compared

In addition, the cumulative hazard function of
developing ASDi within 63 months is provided for each
type of instrumentation [Figure 3]. Each variable in this
cohort that was potentially associated with the
progression and development of ASDe and ASDe was

NoT/O
—MDRC
NoT/O-censored
—+—DRC-censored

08
06

04

Cumulative hazard function of ASDi

02

included in the multivariate analysis, revealing no
independent variable related to ASDe at the adjacent
level (logistic regression model) and a significantly
decreased risk of ASDi if dynamic stabilization (DRC)
was used (cox regression model) (Hazard ratio: 0.29;
95% CI: 0.13-0.66; P=0.003) [Table 5].

1
,-T’“’J’_

e

00

00 20.00

Foll

Figure 3. Cumulative hazard function of ASDi (as defined in the method:

Log-rank test, p -value=0.011
40.00 60.00

ow-up (months)

s section) within 63 months after surgery according to the use of DRC as a

topping-off technique. ASDi: Adjacent segment disease; DRC: Dynamic rod construct; NoT/O: Not Topping-off
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Table 5. Logistic regression model and Cox regression model results considering ASDe and ASDj, respectively, as the dependent variable.

Variable

Age

Gender (female)

Body mass index

Smoker (yes)

Pffirmann preoperative classification of adjacent
segment

Preoperative L1-S1 Cobb angle
Preoperative pelvic incidence
Preoperative pelvic tilt
Preoperative sacral slope

Disc height preoperative
Segmental angle preoperative

Using DRC (topping-off technique)

Logistic regression model (ASDe)

OR (95% CI)

1.01 (0.96-1.06)
0.61(0.31-1.22)
0.97 (0.89-1.06)
1.46 (0.72-2.97)
0.82 (0.56-1.20)

1.00 (0.96-1.05)
0.97 (0.92-1.01)
1.06 (1.00-1.13)
0.99 (0.93-1.07)
0.69 (0.50-0.97)
0.87 (0.68-1.13)
0.76 (0.42-1.38)

DRC AS THE PREVENTIVE STRATEGY AGAINST ASDI

Cox regression model (ASDi)
P-value HR (95% CI) P-value
0.582 1.01 (0.95-1.06) 0.757
0.166 1.14 (0.55-2.34) 0.721
0.545 0.89 (0.79-1.00) 0.044
0.295 0.83(0.38-1.80) 0.618
0.305 0.91 (0.62-1.36) 0.670
0.948 0.99 (0.95-1.04) 0.973
0.135 0.96 (0.91-1.01) 0.114
0.035 1.04 (0.97-1.01) 0.206
0.852 0.93 (0.87-1.01) 0.092
0.032 0.80 (0.56-1.14) 0.218
0.268 0.90 (0.68-1.18) 0.446
0.367 0.29 (0.13-0.66) 0.003

Statistically significant differences are shown in bold. ASDe: Adjacent segment degeneration; ASDi: Adjacent segment disease; OR: Odds ratio; CI:
Confidence interval; HR: Hazard ratio; DRC: Dynamic rods construct; NoT/O: Not topping-off

Discussion

Lumbar fusion is a commonplace surgical method to
treat patients with DLD. 22 23 ASDe has been regarded
as a major long-term complication affecting the success
of posterior instrumentation and fusion. 24 25 ASDe
constitutes arthritic changes that happen to the
vertebral segments adjacent to a lumbar instrumented
fusion, whilst ASDi is a clinical condition presenting
with low back pain and radiculopathy on account of
these ASDe changes. 26 The occurrence of ASDe is likely
to be multifactorial, and rigid spinal fixation has been
perceived to be a significant contributing factor. 14 27

Over the past two decades, a wealth of lumbar dynamic
devices and techniques (e.g., Topping-off techniques)
have been developed so as to curtail the incidence of
ASDe, compared to rigid spinal fixation. 28 Topping-off
techniques refer to utilizing instrumented non-fusion
techniques that provide a gradual transition between
the fused rigid level and the cephalad-mobile unfused
segments. 29 30 Dynamic stabilization devices for the
Topping-off technique are categorized into: (1) hybrid
stabilization devices with pedicle screw or DRC, (2)
interspinous process devices, and (3) total facet
replacement systems. 11 [t has been explicated that
dynamic techniques can preserve flexion and lateral
bending, restricting motions in extension; however,
they cannot entirely compensate for increased
rotational movement, compared to that in a normal
spine. 31 Reduced intradiscal pressure at the adjacent
level appears to be a compelling reason to consider
dynamic stabilization as a preventive surgical method
for degenerative disc changes. 32 There is a challenging
situation for spinal surgeons when a disc adjacent to the

fused segment is already degenerated, and they need to
either accept the risk of ASDe by operating on index
levels or stabilize all degenerated levels with the
probability of shifting the degeneration to the superior
level.

This study compared clinical and radiologic data of 98
patients with one- or two-level lumbar degenerative
diseases who underwent a posterior transpedicular
lumbar fusion with DRC in order to prevent ASDe, with
the results of 109 patients who were surgically treated
with lumbar fusion without dynamic instrumentation.
To the best of our knowledge, this study is one of the
fewest comparative cohorts investigating whether the
addition of dynamic rod constructs, as a Topping-off
technique, to the fused level, could prevent the
development and progression of ASDe and ASDi in
patients who underwent posterior lumbar fusion.

Although in vivo studies demonstrate that dynamic
stabilization systems decrease stress loads to the
adjacent level, several studies showed inconsistent
results with the Topping-off technique, and no
compelling evidence has been given regarding the
clinical and radiological advantages of hybrid devices.
12-143233 Even though Putzier et al. 14 reported that
dynamic instrumentation could prevent radiological
changes regarding the progression of a degenerated
disc, they failed to distinguish any clinical distinction in
the outcome.

Kashkoush et al. 3° showed that hybrid stabilization
could only postpone degenerative changes of the
adjacent segment and cannot prevent ASDe. Chen et al.
34 found that although the Topping-off technique
reduced the incidence of ASDe in comparison with the
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only fusion group, it could not preserve disc height,
neural foramen height, and width of the adjacent
segment during the follow-up.

A meta-analysis revealed that the incidence of ASDe in
the motion-preservation group was 5.1%, whereas in
the only fusion group it was 14.4%, and the reoperation
rate on the adjacent level in the former was lower than
that in the latter. 35 In line with pertinent literature, a
systematic review by Chou et al. 3 revealed that ASDe,
ASDi, and revision surgery had a significantly higher
incidence. A recent meta-analysis by Wang et al. 36
compared all available data on postoperative clinical
and radiographic outcomes of the Topping-off
technique and posterior lumbar interbody fusion (PLIF)
and showed that Topping-off techniques could play a
pivotal role in preventing ASDe and ASDi from
progressing after internal lumbar fixation. However,
they report that this technique is more effective in
improving the subjective feelings of patients rather
than objective motor functions, compared to PLIF. The
newest study on the preventive effect of such a
technique launched by Fuster et al. © demonstrated that
using DRC and ISD as Topping-off techniques could
prevent the progression of ASDe and ASDi if applied at
the adjacent level with preoperative degenerative
changes. Beyond and above that, The World Federation
of Neurosurgical Societies recommends that dynamic
stabilization devices can be seen as an alternative that
might help avert the occurrence of degenerative
changes at the adjacent level. What should be noted is
that there is a paucity of information regarding the
definite efficacy of Topping-off techniques. 37

In our study, all the cases had preoperative
degenerative changes at the adjacent level; thus, the
benefit of using DRC was analyzed as the Topping-off
technique to prevent ASDe progression and ASDi
occurrence. The overall rate of ASDe was 56.6%, with
no significant difference between DRC and NoT/O
groups. Nonetheless, it was inferred that DRC had a
promising role in preventing ASDi development, and for
the patients in the DRC group, it had more favorable
clinical outcomes regarding the postoperative ODI and
VAS scores. The prevalence of ASDi in our study was
19.8%, with a considerable difference between the two
groups (DRC: 14.3%, NoT/0: 24.8%). These results are
in mark contrast with those found in radiological
findings because both groups had relatively similar
rates of ASDe (DRC: 53.1%, NoT/O: 59.6%). Revision
surgery was undertaken for 27 (13%) patients on
account of intractable symptoms, and other cases
diagnosed with ASDi had clinical improvement with
conservative treatment [Figure 4].

In a study by Fuster et al., ¢ the logistic regression
model and Cox regression model explicated that higher
degenerative disc changes, based on Pfirrmann
classification, 17 is an independent risk factor
associated with ASDe progression, whilst in our study,
no contributing factor for ASDe progression was

DRC AS THE PREVENTIVE STRATEGY AGAINST ASDI

detected [Table 5]. In line with the pertinent research, ¢
it was found that using DRC as the Topping-off
technique was a preventive factor for the development
of ASDi. It is worth noting that neither in our study nor
Fuster et al. ¢ gender, BMI, and smoking were not
related to the study outcome.

Figure 4. Sagittal (A) and coronal (B) MR images of a patient who
underwent L4-S1 posterior transpedicular lumbar fusion and
developed adjacent segment disease 51 months postoperatively. The
red arrow and asterisk indicate an extruded disc into the spinal canal
atthe adjacentlevel. ILs: Index levels; AL: Adjacentlevel

Unlike similar studies, this study presents a
comparison with a large number of patients who
underwent a lumbar fusion with or without a Topping-
off technique over a median follow-up of 50 months
(IQR, 44-56 months) in order to substantiate previous
findings. The main shortcoming of our study was the
retrospective design. Moreover, the patient selection
was not randomized; therefore, the risk of bias might be
increased. Thus, further prospective randomized
studies are highly recommended so as to help provide
strong evidence regarding the preventive effect of the
Topping-off technique from ASDe progression and ASDi
development.

Conclusion

The results of our study have led us to infer that the
use of DRC as the Topping-off technique cannot prevent
radiological degenerative changes, whereas it has been
associated with better clinical outcomes in terms of
preventing patients with preoperative degenerative
changes at the adjacent level from developing
symptomatic ASDi.

Acknowledgement
Not applicable

Conflict of interest: None
Funding: None

Sajjad Saghebdous MD !
Reza Zare MD 1



(412)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 11. NUMBER 6. June 2023

Bipin Chaurasia MD 2
Mohammad Moein Vakilzadeh MD 3
Omid Yousefi MD #

Mohammad Reza Boustani MD 5

1 Department of Neurosurgery, Razavi Hospital, Mashhad,
Iran

DRC AS THE PREVENTIVE STRATEGY AGAINST ASDI

2 Department of Neurosurgery, Neurosurgery Clinic,
Birgunj, Nepal

3 Cancer Research Center, Mashhad University of Medical
Sciences, Mashhad, Iran

4 Trauma Research Center, Shiraz University of Medical
Sciences, Shiraz, Iran

5 Department of Neurosurgery, Golestan Hospital, Tehran,
Iran

REFERENCES

Sears WR, Solterbeck AC, Kos JA. Risk of adjacent segment
disease after ‘topping-off multi-level lumbar fusions with
posterior dynamic stabilisers: an observational cohort study.
Eur Spine ].2021; 30(1):181-190. doi: 10.1007/s00586-020-
06628-9.

Lingutla K, Pollock R, Benomran E, et al. Outcome of lumbar
spinal fusion surgery in obese patients: a systematic review
and meta-analysis. Bone Joint ].2015; 97-B (10):1395-404.
doi: 10.1302/0301-620X.97B10.35724.

Chou P-H, Lin H-H, An HS, Liu K-Y, Su W-R, Lin C-L. Could the
Topping-Off Technique Be the Preventive Strategy against
Adjacent Segment Disease after Pedicle Screw-Based Fusion
in Lumbar Degenerative Diseases? A Systematic Review.
Biomed Res Int. 2017; 2017:4385620. doi:
10.1155/2017/4385620.

Cheh G, Bridwell KH, Lenke LG, et al. Adjacent segment
disease followinglumbar/thoracolumbar fusion with pedicle
screw instrumentation: a minimum 5-year follow-up. Spine
(Phila Pa 1976).2007; 32(20):2253-7. doi:
10.1097/BRS.0b013e31814b2d8e.

Dobran M, Nasi D, Esposito DP, Gladi M, Scerrati M, lacoangeli
M. The Incidence of Adjacent Segment Degeneration after the
Use of a Versatile Dynamic Hybrid Stabilization Device in
Lumbar Stenosis: Results of a 5-8-Year Follow-up. Asian
Spine J. 4 2018; 12(2):263-271.
doi:10.4184/asj.2018.12.2.263.

Fuster S, Martinez-Anda J], Castillo-Rivera SA, Vargas-
Reverdn C, Tornero E. Dynamic Fixation Techniques for the
Prevention of Adjacent Segment Disease: A Retrospective
Controlled Study. Asian Spine ]. 2022; 16(3):401-410.
doi:10.31616/asj.2020.0585.

Wang T, Ding W. Risk factors for adjacent segment
degeneration after posterior lumbar fusion surgery in
treatment for degenerative lumbar disorders: a meta-
analysis. ] Orthop Surg Res.2020; 15(1):582. doi:
10.1186/s13018-020-02032-7.

Park P, Garton H]J, Gala VC, Hoff JT, McGillicuddy JE. Adjacent
segment disease after lumbar or lumbosacral fusion: review
of the literature. Spine. 2004; 29(17):1938-1944. doi:
10.1097/01.brs.0000137069.88904.03.

Chen B-L, Wei F-X, Ueyama K, Xie D-H, Sannohe A, Liu S-Y.
Adjacent segment degeneration after single-segment PLIF:
the risk factor for degeneration and its impact on clinical

17

10.

11.

12.

13.

14.

15.

16.

18.

19.

outcomes. Eur Spine ].2011; 20(11):1946-50. doi:
10.1007/s00586-011-1888-1.

Okuda S, Oda T, Miyauchi A, et al. Lamina horizontalization
and facet tropism as the risk factors for adjacent segment
degeneration after PLIF. Spine .2008; 33(25):2754-2758. doi:
10.1097/BRS.0b013e31817bb9c2.

Khoueir P, Kim KA, Wang MY. Classification of posterior
dynamic stabilization devices. Neurosurg Focus.2007;
22(1):E3. doi: 10.3171/foc.2007.22.1.3.

Baioni A, Di Silvestre M, Greggi T, Vommaro F, Lolli F, Scarale
A. Does hybrid fixation prevent junctional disease after
posterior fusion for degenerative lumbar disorders? A
minimum 5-year follow-up study. Eur Spine J.2015; 24 Suppl
7:855-64. doi: 10.1007/s00586-015-4269-3.

Maserati MB, Tormenti M], Panczykowski DM, Bonfield CM,
Gerszten PC. The use of a hybrid dynamic stabilization and
fusion system in the lumbar spine: preliminary experience.
Neurosurg Focus.2010; 28(6):E2. doi:
10.3171/2010.3.FOCUS1055.

Putzier M, Hoff E, Tohtz S, Gross C, Perka C, Strube P. Dynamic
stabilization adjacent to single-level fusion: part II. No clinical
benefit for asymptomatic, initially degenerated adjacent
segments after 6 years follow-up. Eur Spine ].2010;
19(12):2181-9. doi: 10.1007 /s00586-010-1517-4.

Lee C-H, Jahng T-A, Hyun S-], et al. Dynamic stabilization
using the Dynesys system versus posterior lumbar interbody
fusion for the treatment of degenerative lumbar spinal
disease: a clinical and radiological outcomes-based meta-
analysis. Neurosurg Focus.2016; 40(1):E7. doi:
10.3171/2015.10.FOCUS15426.

Wang H, Chow SC. Sample size calculation for comparing
proportions. Wiley Encyclopedia of Clinical Trials. 2007 Dec
14;10:9781118445112.

. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler ], Boos N.

Magnetic resonance classification of lumbar intervertebral
disc degeneration. Spine (Phila Pa 1976).2001; 26(17):1873-
8.doi: 10.1097/00007632-200109010-00011.

Liang ], Dong Y, Zhao H. Risk factors for predicting
symptomatic adjacent segment degeneration requiring
surgery in patients after posterior lumbar fusion. ] Orthop
Surg Res. 2014; 9:97. doi:10.1186/s13018-014-0097-0

Kim DY, Lee SH, Lee HY, et al. Validation of the Korean version
of the oswestry disability index. Spine (Phila Pa 1976) 2005;



(413)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 11. NUMBER 6. June 2023

30(5):E123 doi:10.1097/01.brs.0000157172.00635.3a
Chapman JR, Norvell DC, Hermsmeyer JT, et al. Evaluating
common outcomes for measuring treatment success for
chronic low back pain. Spine (Phila Pa 1976) .2011; 36(21
Suppl):S54-68. doi:10.1097 /BRS.0b013e31822ef74d

Froud R, Patel S, Rajendran D, et al. A Systematic Review of
Outcome Measures Use, Analytical Approaches, Reporting
Methods, and Publication Volume by Year in Low Back Pain
Trials Published between 1980 and 2012: Respice, adspice, et
prospice. PLoS One 2016; 11(10):e0164573.
doi:10.1371/journal.pone.0164573

Alentado V], Lubelski D, Healy AT, et al. Predisposing
characteristics of adjacent segment disease after lumbar
fusion. Spine (Phila Pa 1976).2016; 41(14):1167-1172. doi:
10.1097/BRS.0000000000001493.

Bydon M, Xu R, Santiago-Dieppa D, et al. Adjacent-segment
disease in 511 cases of posterolateral instrumented lumbar
arthrodesis: floating fusion versus distal construct including
the sacrum. ] Neurosurg Spine.2014; 20(4):380-6. doi:
10.3171/2013.12.SPINE13789.

Norvell DC, Dettori JR, Skelly AC, Riew KD, Chapman JR,
Anderson PA. Methodology for the systematic reviews on an
adjacent segment pathology. Spine (Phila Pa 1976).2012;
37(22 Suppl):S10-7. doi: 10.1097/BRS.0b013e31826cd9c8
Kaito T, Hosono N, Mukai Y, Makino T, Fuji T, Yonenobu K.
Induction of early degeneration of the adjacent segment after
posterior lumbar interbody fusion by excessive distraction of
lumbar disc space. ] Neurosurg Spine.2010; 12(6):671-9. doi:
10.3171/2009.12.SPINE08823.

Helgeson MD, Bevevino A, Hilibrand AS. Update on the
evidence for adjacent segment degeneration and disease.
Spine J.2013; 13(3):342-51. doi:
10.1016/j.spinee.2012.12.009.

Spallone A. A less-invasive technique for harvesting
autologous iliac crest grafts for cervical interbody fusion. Surg
Neurol.2007; 67(2):160-2; discussion 162. doi:
10.1016/j.surneu.2006.07.012.

Sasso R, Garrido B. Journal of spinal disorders & techniques. |
Spinal Disord Tech 2007; 20(2):118-122. doi:
10.1097/01.bsd.0000211263.13250.b1.

Zhu Z, Liu C, Wang K, et al. Topping-off technique prevents
aggravation of degeneration of adjacent segment fusion

30.

31.

32.

33.

34.

35.

36.

37.

DRC AS THE PREVENTIVE STRATEGY AGAINST ASDI

revealed by retrospective and finite element biomechanical
analysis. ] Orthop Surg Res.2015; 10:10. doi:
10.1186/s13018-014-0142-z.

Kashkoush A, Agarwal N, Paschel E, Goldschmidt E, Gerszten
PC. Evaluation of a hybrid dynamic stabilization and fusion
system in the lumbar spine: a 10 year experience.
Cureus.2016; 8(6):e637. doi: 10.7759/cureus.637.

Beastall ], Karadimas E, Siddiqui M, et al. The Dynesys lumbar
spinal stabilization system: a preliminary report on positional
magnetic resonance imaging findings. Spine (Phila Pa
1976).2007; 32(6):685-90. doi:
10.1097/01.brs.0000257578.44134.fb.

Cabello J, Cavanilles-Walker J, Iborra M, Ubierna M, Covaro A,
Roca J. The protective role of dynamic stabilization on the
adjacent disc to a rigid instrumented level. An in vitro
biomechanical analysis. Arch Orthop Trauma Surg.2013;
133(4):443-8.doi: 10.1007/s00402-013-1685-x.

Herren C, Sobottke R, Pishnamaz M, et al. The use of the
DTO™ hybrid dynamic device: a clinical outcome-and
radiological-based prospective clinical trial. BMC
Musculoskelet Disord. 2018; 19(1):199. doi:
10.1186/s12891-018-2103-x.

Chen X-L, Guan L, Liu Y-Z, Yang J-C, Wang W-L, Hai Y.
Interspinous dynamic stabilization adjacent to fusion versus
double-segment fusion for treatment of lumbar degenerative
disease with a minimum follow-up of three years. Int
Orthop.2016; 40(6):1275-83. doi: 10.1007/s00264-016-
3199-y.

Pan A, Hai Y, Yang ], Zhou L, Chen X, Guo H. Adjacent segment
degeneration after lumbar spinal fusion compared with
motion-preservation procedures: a meta-analysis. Eur Spine
].2016; 25(5):1522-1532. doi: 10.1007/s00586-016-4415-6.
Wang W, Sun X, Zhang T, Sun S, Kong C, Lu S. Topping-off
technology versus posterior lumbar interbody fusion in the
treatment of lumbar disc herniation: a meta-analysis. Biomed
Res Int.2020; 2020:2953128. doi: 10.1155/2020/2953128.
Roitberg B, Zileli M, Sharif S, Anania C, Fornari M, Costa F.
Mobility-Preserving Surgery for Lumbar Spinal Stenosis:
WEFNS Spine Committee Recommendations. World Neurosurg
X.2020; 7:100078. doi: 10.1016/j.wnsx.2020.100078.



