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Abstract
Background  Non-contiguous two-level Anterior Cervical Discectomy and Fusion (ACDF) may be a viable option for patients 
with degenerative cervical myelopathy and imaging-evident spine and radicular compression at two non-contiguous cervi-
cal levels. The risk of hastening degeneration and triggering Adjacent Segment Disease at the spine levels located between 
the fused levels is a putative adverse event, which was assessed in a few studies. The aim of this study is to investigate the 
clinical outcomes of patients undergoing non-contiguous two levels ACDF and to assess biomechanical modifications at 
non-fused segments.
Method  We retrospectively reviewed all patients with noncontiguous two-level spine and radicular compression, who 
underwent simultaneous noncontiguous two-level ACDF at our center. We analyzed clinical and radiological outcomes and 
investigated the rate of adjacent segment disease. Radiographic parameters were calculated on pre- and postoperative images.
Results  Thirty-two patients underwent simultaneous noncontiguous two-level ACDF for cervical myelo-radiculopathy 
between 2015 and 2021 and were followed up for a mean period of 43.3 months. For all patients, the mJOA score signifi-
cantly improved from 14.57 ± 2.3 to 16.5 ± 2.1 (p<0.01) and the NDI score significantly decreased from 21.45 ± 4.3 to 12.8 
± 2.3 (p<0.01) postoperatively. Cervical lordosis increased after surgery (from 9.65° ±9.47 to 15.12° ± 6.09); intermediate 
disc height decreased (5.68 mm ± 0.57 to 5.27 mm ±0.98); the ROMs of intermediate (from 12.45 ± 2.33 to 14.77 ± 1.98), 
cranial (from 14.63 ± 1.59 to 15.71 ± 1.02), and caudal (from 11.58 ± 2.32 to 13.33 ± 2.67) segments slightly increased. 
During follow-up assessment, in one patient the myelopathy worsened due to spine compression at the intermediate level.
Conclusions  Simultaneous and non-contiguous two-level ACDF is a safe and effective procedure. The occurrence of post-
operative adjacent and intermediate segment disease is rare.
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Introduction

Anterior Cervical Discectomy and Fusion (ACDF) is an 
established surgical technique for degenerative cervical 
myelopathy (DCM) [2, 6]. Worsening myelopathy due to 
spine degenerative changes and spinal cord compression 
at the spinal segments adjacent to those fused, known 
as adjacent segment disease (ASD), is a possible risk of 
ACDF [14].

Occasionally, patients with myelopathic and radiculo-
pathic signs at two non-contiguous cervical levels require 
surgical treatment, prompting the decision of whether to 
fuse the intermediate level. Biomechanical studies using 
finite element analysis suggest that when cervical seg-
ments are fused, the overall mechanical stress increases in 
adjacent unfused levels [1, 7]. Therefore, avoiding fusion 
of the intermediate level might decrease surgical time and 
preserve more mobility but can also exponentially increase 
mechanical stress on the intermediate level, theoretically 
accelerating its degeneration.

Conversely, treating also the intermediate level would 
eliminate the risk of its degeneration but would enhance 
mechanical stress and the risk of ASD in adjacent cranial 
and caudal levels. This surgical dilemma is further height-
ened by the lack of substantial data in literature. In vivo, 
biomechanical stress on segments adjacent to fused ones 
can be indirectly estimated by analyzing changes in flex-
ion-extension mobility and intervertebral disc height [7]. 
Our study, which encompasses the largest monocentric 
patient cohort in the literature, seeks to evaluate biome-
chanical alterations of the intermediate and adjacent levels 
and their clinical implications, with a focus on patient-
reported outcomes, neurological recovery, and the inci-
dence of complications and ASD.

Material and Methods

The study received approval from the local ethics commit-
tee (approval number 1456614) and adhered to the 1964 
Declaration of Helsinki principles and its amendments.

We conducted a monocentric retrospective analysis of 
consecutive patients treated with two simultaneous non-
contiguous levels ACDF for DCM between January 2015 
and December 2021 at the Department of Neurosurgery in 
Humanitas Research Hospital (Milan, Italy).

The inclusion criteria were: 1) age 18 years or older; 2) 
two non-contiguous levels of DCM and minimal or no spi-
nal canal stenosis with the absence of radiological signs of 
myelopathy at the intermediate level on MRI (Fig. 1); 3) a 
minimum clinical and radiological follow-up of 12 months.

The exclusion criteria were: 1) prior cervical spine 
surgeries and 2) other neurological conditions that could 
alter clinical evaluation. In our center, ACDF is performed 
using a standard technique [16]. Fusion is achieved using 
titanium or PEEK intersomatic cages with a mini-plating 
integrated system.

We collected demographic information (age, sex), surgical 
details (operative time, treated cervical levels, length of hos-
pital stay), and clinical parameters (modified Japanese Ortho-
pedic Association [mJOA] score, Neck Disability Index [NDI] 
Italian version questionnaire [10], Nurick scale, Numeric Pain 
Rating Scale [NPRS]).

Clinical outcomes were evaluated both in terms of Delta 
(difference between postoperative value and preoperative 
value) and MCID (Minimal Clinically Important Difference). 
The MCID for mJOA is 3 points for severe (mJOA 11 or 
lower), 2 points for moderate (12-13-14), and 1 point for mild 
myelopathy (over 15) [17]. MCID for NDI is 7.5 points, for 
NPRS is 2 points, while for Nurick can be considered 1 point.

Radiological analysis was performed independently by two 
authors (AB, MDR) and it was conducted on the preoperative 
and last follow-up static and dynamical cervical radiographs. 
We assessed intermediate disc height (IDH), functional spi-
nal unit (FSU) angle, and the range of motion (ROM) of the 
intermediate level. IDH was measured using a perpendicular 
line from the middle of the inferior endplate to the superior 
endplate in the same disc space. The ROM was calculated as 
the sum of the Cobb angle at maximum flexion and maximum 
extension (Fig. 2). We also calculated the ROM of the cranial 
and caudal adjacent levels and the global C2-C7 ROM and 
cervical lordosis angle.

The type and number of observed complications were col-
lected. Pseudoarthrosis and ASD rates were calculated. ASD 
was defined as radiological degeneration of the intermediate or 
the adjacent levels with symptomatic spinal cord compression.

Statistical analysis used Stata/MP® 13.1 for Mac (Stata-
Corp LP, College Station, TX). Descriptive statistics were 
utilized to summarize the demographic characteristics of 
the patient cohort, including mean, standard deviation, and 
range for continuous variables, while categorical variables 
were expressed as frequencies and percentages. Descriptive 
statistics were also used to summarize radiographic param-
eters. Repeated measures analysis of variance or paired t-test 
was used to assess continuous clinical and radiographic data 
between time points. p < 0.05 was considered statistically 
significant.

Results

Of the total 1523 cases of ACDF collected from January 
2015 to December 2021, we identified 32 consecutive 
patients treated at two non-contiguous levels for DCM. 
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Fig. 1   Example of two patients (“a” and “b”) who presented non-
contiguous 2-level myelopathy. On the left of each line, there is the 
preoperative MRI, while on the right there are the postoperative 

X-rays. Patient “a” was treated for C3C4 and C5C6 myelopathy, 
while patient “b” was treated for C4C5 and C6C7 myelopathy

Fig. 2   Example of two different patients “a” and “b” who performed dynamic radiographs before surgery and at last follow-up
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Among them 22 were males. Mean age was 57.3 years old 
(range 37-78). All patients presented with myelopathy, while 
14 patients had also adjunctive radiculopathic symptoms. 
The most common non-contiguous levels were C3C4-C5C6 
(24/32, 75%), followed by C4C5-C6C7 (25%). The mean 
follow-up was 43.3 months (range 14-60). This part of the 
results is summarized in Table 1. Complication rate was 
9.3% (3/32) and ASD at the intermediate level was observed 
in only 1 patient (3.1%).

Clinical Outcomes

Clinical outcomes are presented in Table 2. The mean pre-
operative mJOA was 14.57. The majority of patients had a 
substantial clinical improvement. The mJOA score improved 
from 14.57 ± 2.3 to 16.5 ± 2.1 postoperatively (p-value< 
0.01) and the NDI score decreased from 21.45 ± 4.3 to 
12.8 ± 2.3 postoperatively (p-value <0.01). Nurick score 
improved from 2.55± 0.9 to 1.27±0.7, by an average of 1.27 
points (p-value <0.01). NPRS improved from 5.3±1.3 to 
1.2±0.8 (p-value <0.01). MCID was, respectively for the 
four measured outcome parameters, 81%, 66%, 78%, and 
87%.

Radiological Outcomes

Radiographic evaluation on static radiograph showed 
improvement of cervical lordosis (from 9.65° ±9.47 to 
15.12° ± 6.09), a slight reduction of the IDH (5.68 mm ± 
0.57 to 5.27 mm ±0.98), and substantially similar interme-
diate FSU angle (2.41° ± 4.23 to 3.01°±2.89). On flexion-
extension radiographs, we observed an evenly distributed 
increase of intermediate (from 12.45 ± 2.33 to 14.77 
± 1.98), cranial (from 14.63 ± 1.59 to 15.71 ± 1.02), 
and caudal (from 11.58 ± 2.32 to 13.33 ± 2.67) ROMs. 

Overall cervical ROM decreased from 39.87°±10.82 to 
34.66°±9.63. For this part of the results refer to Table 3.

Complications and ASD

Among complications we observed 1 case of hematoma, 
which was drained with no permanent neurological injury; 
1 case of pseudoarthrosis with screws pull out and plate 
dislocation two years after surgery causing mild dyspha-
gia; and 1 case of progressive worsening of myelopathy 
at the ACDF levels, that required a posterior multilevel 
laminectomy with fusion.

Only 1 case of intermediate-level ASD was observed in 
a 49-year-old male with no comorbidity, who was firstly 
treated with a C3C4-C5C6 ACDF for myeloradiculopa-
thy (mJOA 15), skipping the intermediate level (Suzuki 
grade II on preoperative MRI) because no significant canal 
stenosis or spinal cord compression was observed. After 
significant initial clinical improvement, 38 months later he 
presented new myelopathic symptoms and left-sided bra-
chialgia. ASD was diagnosed and the patient was treated 
with a C4C5 ACDF. (Fig. 3)

Table 1   General Characteristics and Surgical Details of Patient Popu-
lation

Variable Details

No. Of patients 32
Age (range), years 57.31 (37-78)
Sex (m/f) 22/10
Symptoms
  Myelopathy 18
  Myeloradiculopathy 16
Levels
  C3C4 C5C6 24
  C4C5 C6C7 8
Operative time (range), min 98.2 (63-149)
Lenght of hospital stay (range), days 4 (2-16)
Follow-up (range), months 43.3 (14-60)

Table 2   Clinical Outcomes

Variable (N. 
32)

Preop Last followup Delta p value MCID

mJOA 14.57 ± 1.3 16.5 ± 1.1 +1.93 < 0.01 81%
NDI 21.45 ± 3.8 12.8 ± 2.7 -8.65 < 0.01 66%
Nurick 2.55 ± 0.6 1.27 ± 0.5 -1.28 < 0.01 78%
NPRS 5.3 ± 1.3 1.2 ± 1.0 - 4.1 <0.01 87%

Table 3   Radiographic Parameters

Variable (N. 32) Pre-op Last follow-up

Cervical Lordosis 9.65 ± 9.47 15.12 ± 6.09
Disc Height
Intermediate Level

5.68 ± 0.57 5.27 ± 0.98

FSU angle
Intermediate Level

2.41 ± 4.23 3.01 ± 2.89

ROM
Intermediate Level

12.45 ± 2.33 14.77 ± 1.98

ROM
Cranial Level

14.63 ± 1.59 15.71 ± 1.02

ROM
Caudal Level

11.58 ± 2.32 13.33 ± 2.67

ROM C2-C7 39.87 ± 10.82 34.66 ± 9.63
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Discussion

In this retrospective study, we observed that simultaneous 
and non-contiguous two-level ACDF is a safe and effective 
procedure for most patients. ASD at the intermediate level 
was rare, and adverse events were uncommon. Ultimately, 
we found that the ROM, an indirect measure of segment-
wise stress, was only slightly increased at both the adjacent 
and intermediate spinal levels.

The technique of fusing two non-contiguous spine seg-
ments with ACDF, while sparing the intermediate level in 
cases of spine compression at two non-adjacent spinal levels, 
was introduced to reduce biomechanical stress and poten-
tially prevent degeneration at the upper and lower spinal 
levels relative to the fused segment. This technique is based 
on the studies by Park et al. [11] and Dmitriev et al. [5], who 
observed that a longer fused cervical spinal segment cor-
related with greater compensatory biomechanical stress on 
adjacent levels compared to a single-level ACDF. To date, 
only a few studies have investigated the outcomes and risk 
of ASD in patients undergoing simultaneous ACDF of two 
non-contiguous levels. Qizhi et al. presented a case series 
of 17 patients treated with zero-profile cages, demonstrating 
favorable clinical outcomes with only one case of clinical 
ASD 52 months post-operation [12]. Similarly, Bisson et al. 
reported positive clinical outcomes in 17 patients without 
any ASD cases. However, the follow-up was limited to 26 
months, and the instrumentation and graft type were het-
erogeneous [3]. Wang et al., using self-locking stand-alone 

cages, achieved comparable clinical results, with radiologi-
cal but not clinical evidence of three ASDs observed at 2 
inferior adjacent levels and 1 intermediate segment [18]. 
Recently, in another case series limited to 19 patients treated 
with zero-profile cages, Shi et al. achieved good clinical out-
comes with no evidence of clinical ASD at 24 months fol-
low-up [15]. Our results are comparable with those studies, 
as we observed significant improvement in all clinical out-
comes in most patients and a low rate of symptomatic ASD 
at an intermediate to long follow-up (mean 43.3 months).

From a biomechanical viewpoint, fusing multiple cer-
vical spine segments redistributes mechanical stress on the 
remaining unfused levels. Therefore, sparing the intermedi-
ate segment between two fused levels is supposed to limit the 
increase of biomechanical stress on the remaining cervical 
spine segments. This would consequently prevent degenera-
tion of further levels and, ultimately, worsening of spine com-
pression and myelopathy. In our study, the ROM, which was 
considered a surrogate for segment-wise mechanical stress, 
was increased on all unfused intermediate and adjacent lev-
els, even if only slightly, compared to the preoperative level. 
This result contrasts with those of Shi et al., who found no 
difference in intermediate-level ROM between preoperative 
and 3- and 24-month postoperative dynamic radiographs [15]. 
This difference might be explained by the fact that their study 
sample was limited to 15 of the 19 total patients, and their 
follow-up extended to only 24 months, not analyzing medium 
and long-term effects. However, the lack of a control group 
of patients undergoing three contiguous levels ACDF doesn’t 

Fig. 3   The only patient who developed ASD during followup. “a” before index surgery. “b” 38 months after C4C5 and C6C7 ACDF, where new 
myelopathy signal at C5C6 can be seen. “c” last followup after C4C5 ACDF. No residual compression on the spinal cord can be detected
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allow us to make direct comparisons in terms of ROM vari-
ations in the postoperative period at the adjacent non-fused 
levels, and therefore to draw conclusions on the superiority 
of fusing or sparing the intermediate level. In this regard, a 
single study in the literature by Finn et al. using finite element 
analysis demonstrated that an intermediate segment flanked by 
two fused segments doesn’t experience additional strain due 
to its position [7]. Indeed, compared to a three-level fusion, 
a two-level non-contiguous fusion conserves an additional 
motion segment, with all other preserved levels experiencing 
less stress. Additionally, Fuller et al. demonstrated that one, 
two, and three levels ACDF do not increase stress forces only 
on the adjacent level but rather uniformly across all unfused 
segments [8]. Based on our findings and the results of these 
studies, we believe that, even without a control group, sparing 
the intermediate level whenever possible leads to better and 
more balanced force redistribution across all unfused levels.

Finally, we noted that the overall cervical spine lordosis 
angle was higher after surgery compared to the preoperative 
level. Increased cervical lordosis might reduce degenerative 
changes occurring at the non-fused cervical spine levels, 
as Hwang et al. demonstrated in their study showing that 
increasing lordosis during anterior cervical fusion decreases 
adjacent segment motion [9]. The increased lordosis 
observed in our patients, likely related to the use of lordotic 
cages for interbody fusion, may have slowed degenerative 
changes and contributed to the low rate of ASD occurrence.

Limitations

The results of this study should be interpreted in the context 
of several limitations. The retrospective design and single-
center nature of this study limit its power and generaliz-
ability. The lack of a control group undergoing ACDF of 
the intermediate segment between two levels with spine 
compression doesn’t allow for direct comparison. The small 
number of patients included in the study doesn’t allow for 
cohort-wise analyses. Additionally, the follow-up period, 
while intermediate, may not be sufficient to capture all cases 
of ASD, which typically occurs over several years [4, 13]. 
Finally, our definition of ASD as symptomatic spinal cord 
compression requiring surgery is stringent and may contrib-
ute to a lower observed rate of ASD. An additional focus on 
radiographic ASD would enhance the study’s value. Future 
studies should include longer follow-up periods and consider 
a more inclusive definition of ASD.

Conclusions

Performing a non-contiguous two-level ACDF is safe and 
effective for patients with myeloradicular symptoms at two 
non-adjacent levels. Over a medium-term follow-up period, 

the development of clinical ASD at the intermediate or adja-
cent segments is rare.
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