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Abstract

Purpose The purpose of this study was to assess long-term

follow-up data after anterior cervical decompression and

fusion (ACDF) with and without Caspar plating

(ACDF ? PS) for the treatment of cervical spondylotic

myelopathy (CSM) with special focus on functional out-

come, pain, and repeat surgery for adjacent segment dis-

ease (ASD).

Method Hospital records of 45 patients who were affected

by CSM and underwent ACDF or ACDF ? PS at least

17 years ago were reviewed. Information about diagnosis,

surgical report, pre- and postoperative clinical process, and

complications was analyzed. Clinical outcome was asses-

sed using a standardized questionnaire including the Neck

Disability Index (NDI), modified JOA-score, Odom’s cri-

teria, limitations in quality of life, and questions about the

current neurological status and pain.

Results Twenty-three patients with a mean follow-up of

26 years were evaluated. ACDF was performed in nine and

ACDF ? PS in 14 patients, respectively. At follow-up

78.3% of patients were free of pain, 91.3% had no motor

deficit, 73.9% had no sensory deficit, and 60.7% had no

gait disturbance. The current mean NDI is 14% (range

2–44%), the mean modified JOA-score was 17.2 (range

15–18). According to Odom’s criteria 78.3% of patients

had clinical success. In four patients repeat surgery was

indicated due to pseudarthrosis or symptomatic ASD

(17.4%).

Conclusions ACDF and ACDF ? PS yield significant

decrease in neck pain, a significant increase in sensori-

motor function and a high rate of clinical success. Patients

with preoperative gait disturbance completely recovered in

about 60% of cases. Overall prevalence for ASD was

17.4% after 25 years.

Keywords Anterior cervical discectomy and fusion �
Adjacent segment disease � Cervical plating � Cervical
spondylotic myelopathy � Long-term follow-up

Introduction

Cervical spondylotic myelopathy (CSM) is the most com-

mon disease of the cervical spine in adults over 55 years

[1]. CSM is a degenerative process of the cervical inter-

vertebral disc, the uncovertebral joint, the facet joint, the

posterior longitudinal ligament, the vertebral body, and the

ligamentum flavum. The clinical course can range from

periods of non-progressive disease to step-wise deteriora-

tion to rapidly advanced clinical myelopathy is variable.

The progression of degeneration of the aforementioned

anatomical structures may result in spinal cord compres-

sion with significant disability [2, 3]. Currently there is no

consensus and no clear clinical data if anterior, posterior, or

combined (anterior and posterior) approach will lead to the

best clinical outcome [4–6]. Traditionally, the anterior

approach was favored in one-or two-segment procedures,

and at the presence of regional kyphosis [3]. However,

anterior approaches are criticized for increased graft- and

surgery related complications in multilevel procedures and
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the development of adjacent segment disease (ASD) [7].

To the best of the authors‘ knowledge this study is the first

that investigated the clinical outcome of patients who

underwent ACDF and ACDF ? PS for the treatment of

cervical spondylotic myelopathy with a mean follow-up of

over 25 years.

Materials and methods

Patient population

We retrospectively reviewed files of patients who had

undergone surgical treatment for CSM.

Inclusion criteria were patients who underwent ACDF

or ACDF ? PS with an autologous iliac crest bone

(AICB) at least 17 years ago, full documentation of

detailed preoperative neurological status, a detailed sur-

gical report, detailed postoperative in hospital course,

detailed neurological status at discharge and full contact

information.

Out of 126 patients, 45 fulfilled the inclusion criteria.

Eighty-one patients were excluded because of a too short

follow-up (1 patient), fusion without the use of AICB (15

patients), incomplete clinical documents (2 patients) or

incomplete contact details (63 patients).

We were able to contact 40 out of 45 patients (88.9%).

Five patients could not been contacted (11.1%). Twenty-

three of 40 patients participated at the study (57.5%), 10

patients were not interested in participating without giving

reasons (25.0%), and 7 patients were either dead or men-

tally and physically neither able to conduct the question-

naires nor to attend at our institution (12.5%). Eighteen out

of 23 patients who completed the questionnaire attended a

personal follow-up at our institution (78.3%). The study

was approved by local ethical committee. Informed consent

was obtained from all individual participants included in

the study.

Pre- and postoperative neurological status

and questionnaire

Each patient‘s file was reviewed carefully. The preopera-

tive and postoperative physical examination status of each

patient was assessed according to the documentation in the

patients file with special focus on symptoms which are

associated with CSM, such as motor dysfunction, sensory

dysfunction, abnormal brisk reflexes, pathological reflexes,

pathological muscle tonus such as spasticity or weakness,

disturbed fine motor activity, disturbed gait pattern and

bladder dysfunction. The clinical diagnosis was made by

physical examination, myelography, computed tomogra-

phy-myelography, and magnetic resonance imaging.

A detailed telephone interview was performed to

inquire the recovery process of each patient after dis-

charge. The participants were asked about the postop-

erative recovery concerning sensorimotor deficits and

other symptoms associated to CSM; as well as neck

pain, which was assessed by the numeric pain rating

scale (NPRS). Furthermore, each participant was asked

about limitations in their daily life which were associ-

ated with the procedure, and about limitations in their

daily life which were associated with iliac crest bone

graft donor site. Each participant completed a standard-

ized questionnaire which assessed the functional out-

come according to Odom’s criteria (Table 1), Neck

Disability Index (NDI), and Benzeĺs modified JOA scale

(mJOA) (Table 2). The patient‘s quality of life was

assessed using only the five questions of the EQ-5D

questionnaire (Table 3), and HADS-Scale was used to

detect if patient had emotional disorder. In addition to

the telephone interview and questionnaire, a personal

examination was offered to each patient.

Statistical analysis

The SPSS statistical software package (IBM, Armonk,

NY, USA) was used for statistical analysis of the data.

We used Fisher’s exact Tests and Fisher-Freeman-Halton

exact Test to compare relative frequencies of a binary

outcome and an outcome with more than two categories

between two independent groups, respectively. The

Wilcoxon was used to compare non-parametric paired

sample tests and Mann–Whitney U test was applied for

the comparison of a quantitative non-normal outcome

between two groups. Any p values given were two sided.

A p value of \0.05 was assumed sufficient to indicate

statistical significance.

Results

Twenty-three patients (16 male, 7 female) participated in

this study and completed the telephone interview and the

questionnaire. Eighteen out of 23 patients attended a

physical examination at our department (78.3%). The mean

Table 1 Odom’s criteria

Excellent No complaints referable to cervical disease, able to

carry on daily occupations without impairment

Good Intermittent discomfort, related to cervical disease, but

not significantly interfering with work

Satisfactory Subjective improvement, but physical activities

significantly limited

Poor No improvement, or worse as compared with the

condition before operation
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follow-up was 26 years (range 17–36 years). The patients’

mean age at time of ACDF or ACDF ? PS was 43 years

(range 28–57 years). At follow-up the mean age was

70 years (range 55–82 years).

In none of the preoperative imaging report, and in none

of the operation report an ossification of the posterior

longitudinal ligament (OPLL) was described. The cause of

spinal cord compression was mainly due to disc degener-

ation and minor posterior spondylophyte formation. A

detailed breakdown of all operated segments is shown on

Fig. 1.

There was no significant difference regarding gender,

surgical technique, and operated segments between the

patients who participated in the study and the patients who

were lost at follow-up (Two sided Fisher exact test

p = 0.790, Two sided Fisher exact test p = 0.193, Fisher-

Freeman-Halton test p = 0.867).

There was a significant difference regarding the age

of patients who participated in the study and patients

who were lost at follow-up (Mann–Whitney U test:

p = 0.009).

Preoperative and postoperative neurological status

and results of questionnaire

The following data concerning the preoperative and post-

operative neurological status is based on the documentation

in the patients file. Preoperatively, motor dysfunction such

as disturbed fine activity, and weakness were documented

in thirteen patients (56.5%), a sensory dysfunction in 18

patients (78.3%), gait disturbance in 20 patients (86.9%),

spasticity in 11 patients (47.8%), hyperreflexia in all and

pathological reflexes in 14 patients (60.8%), and in one

patient a bladder dysfunction (4.3%). In 19 patients, neck

pain and limitation of neck rotation due to pain was doc-

umented prior to surgery (82.6%).

Postoperatively, an improvement of motor dysfunction

was documented in ten patients (76.9%). An improvement

of sensory dysfunction were documented in 15 patients

(83.3%), an unchanged sensory dysfunction was docu-

mented in three patients at discharge (16.7%). Improved

gait disturbance was documented in seventeen patients

(85.0%), and improved spasticity was documented in nine

Table 2 Benzel’s modified JOA scale

Score Definition

Motor dysfunction score of the upper extremities

0 Inability to move hands

1 Inability to eat with a spoon, but able to move hands

2 Inability to button shirt, but able to eat with a spoon

3 Able to button shirt with great difficulty

4 Able to button shirt with slight difficulty

5 No dysfunction

Motor dysfunction score of the lower extremities

0 Complete loss of motor and sensory function

1 Sensory preservation without ability to move legs

2 Able to move legs, but unable to walk

3 Able to walk on a flat floor with a walking aid (i.e., cane or crutch)

4 Able to walk upstairs and/or down stairs with the aid of a hand rail

5 Moderate-to-significant lack of stability, but able to walk up and/or down stairs without hand rail

6 Mild lack of stability, but walks with smooth reciprocation unaided

7 No dysfunction

Sensory dysfunction of the upper extremities

0 Complete loss of hand sensation

1 Severe sensory loss or pain

2 Mild sensory loss

3 No sensory loss

Sphincter dysfunction

0 Inability to micturate voluntarily

1 Marked difficulty in micturition

2 Mild-to-moderate difficulty with micturition

3 Normal micturition
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patients (81.2%). No improvement was documented for

bladder dysfunction. In one patient a new sensorimotor

deficit was documented postoperatively (4.4%). At dis-

charge in eighteen patients with preoperative pain complete

or nearly complete pain relief was documented (94.7%). In

none of the cases a new onset of hoarseness or dysphagia

was documented.

The following data concerning the neurological status at

final follow-up is based on the telephone interview. At final

follow-up twenty-one patients reported to have no limita-

tions of their motor strength (91.3%), seventeen patients

reported to be free of sensory disturbance (73.9%), fourteen

patients reported to have no gait disturbance (60.7%), nine

patients reported that initial improvement of gait

Table 3 EQ-5D questionnaire

and results
Results (%)

Mobility

Level 1 I have no problems in walking about 78.3

Level 2 I have some problems in walking about 17.4

Level 3 I am confined to bed 4.3

Self-care

Level 1 I have no problems with self-care 82.6

Level 2 I have some problems washing or dressing myself 17.4

Level 3 I am unable to wash or dress myself 0.0

Usual activities (e.g. work, study, housework, family or leisure activities)

Level 1 I have no problems with performing my usual activities 73.9

Level 2 I have some problems with performing my usual activities 21.7

Level 3 I am unable to perform my usual activities 4.3

Pain/discomfort

Level 1 I have no pain or discomfort 78.3

Level 2 I have moderate pain or discomfort 13.0

Level 3 I have extreme pain or discomfort 8.7

Anxiety/depression

Level 1 I am not anxious or depressed 78.3

Level 2 I am moderately anxious or depressed 17.4

Level 3 I am extremely anxious or depressed 4.3

Fig. 1 Operated segments

Eur Spine J (2017) 26:1246–1253 1249

123



disturbance was followed by worsening in the course of

follow-up (39.1%). All patients reported to have normal

micturition (100%).

The median pain intensity decreased from 6.1 (range

0–10) to 2 (range 0–4) on the NPRS (Wilcoxon test:

p\ 0.001) at follow-up. At the follow-up eighteen patients

were free of pain (78.3%) among those two had second

surgery at the cervical spine due to symptomatic ASD

(11.1%). A compilation of frequency of clinical symptoms

is shown on Table 4.

Five patients reported taking pain medication, if

required (21.7%). Among those one indicate none (20.0%),

two moderate (40.0%) and two serious (40.0%) limitations

in their daily activities. The current mean NDI is 14%

(range 2–46%), the mean mJOA-score was 16.0 (range

11–18), and the results of the EQ-5D questionnaire are

shown on Table 3. The median HADS-score was 4 (range

0–13). Nineteen patients had a score between 0–6 (82.6%)

and show normal state of mind. Four patients had a score in

the range from 10 to 13 (17.4%). Seventeen patients report

no or minor problems in their daily life (73.9%), four

patients reported moderate limitations in daily life (17.4%),

and two patients reported serious limitations in their daily

life (8.7%). At final follow-up none of the patients reported

hoarseness or dysphagia. Eighteen patients report good-to-

excellent functional recovery according to Odom’s criteria

(78.3%).

Concerning pain at the iliac crest donor side (ICDS) the

patients reported a mean pain intensity of 1 (range 0–5) on

the NPRS, and the mean time period of discomfort was

three month (range 0–24 month). Currently, one patient

reported to take pain medication temporarily due to dis-

comfort at the iliac crest donor side (4.3%). Two patients

reported about smaller limitations in their daily life due to

problems at the bone harvest site (8.6%).

A compilation of the clinical outcome after ACDF and

ACDF ? PS with respect to the number of operated seg-

ments is shown on Table 5.

There was no significant difference regarding clinical

success according to Odoms, NDI, and mJOA-score

between patients operated via ACDF and patients operated

via ACDF ? PS (Two sided Fisher exact test p = 0.056,

Mann–Whitney U test: p = 0.109, Mann–Whitney U test:

p = 0.425).

When asked, all patients said they would undergo

anterior cervical fusion again, if required.

Neurological examination

Eighteen patients attended a personal examination at our

institution. At follow-up examination all patients with

preoperative motor dysfunction improved to normal fine

motor activity and muscle strength. In one patient, a sen-

sory dysfunction remained unchanged (7.7%), and two

patients presented with a new sensibility deficit (11.1%). A

mild paresis remained in one patient with a new postop-

erative sensorimotor deficit. None of the patients presented

with pathological reflexes. Seven patients presented with a

mild gait disturbance (43.8%), none of the patients needed

a hand rail, a cane or a crutch to walk. In one patient, an

Table 4 Preoperative, postoperative and presenting symptoms

Symptoms Present symptom

preoperatively (n/%)

None or improved symptom

postoperatively/at discharge (n/%)

No symptoms at final

follow-up (n/%)

Arm and/or neck pain 19/82.6 22/95.6 18/78.3

Motor deficit 13/56.5 19/82.6 21/91.3

Sensory deficit 18/78.3 19/82.6 17/73.9

Gait disturbance 20/87.0 20/87.0 14/60.7

Bladder dysfunction 1/4.3 22/95.7 23/100

Table 5 Compilation of clinical outcome

Number of

operated levels

Patients (n) ACDF ACDF with Caspar plating

ACDF ACDF with

Caspar plating

Clinical success

(Odoms) (%)

NDI

(mean) (%)

mJOA

(mean)

Clinical success

(Odoms) (%)

NDI

(mean) (%)

mJOA

(mean)

1 level 5 4 80 16 16 75 20 15

2 level 4 7 25 14 15 100 10 17

3 level 0 3 n.a. n.a. n.a. 100 12 17
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abnormality in the bladder function was documented pre-

operatively. At follow-up all of the patients reported nor-

mal micturition.

Patients with repeat procedure

Six out of 23 patients underwent repeat procedure (26.1%).

In one patient each repeat procedure was performed due to

postoperative wound infection, and due to chronic dys-

phagia with removal of the Caspar plate 13 month after

initial ACDF ? PS.

In four patients repeat procedure was indicated due

symptomatic ASD (17.4%). One patient developed symp-

tomatic ASD due recurrence of CSM at the caudal segment

1 year after initial one-level ACDF (C5/6), one patient

developed symptomatic ASD caused by a soft cervical disc

herniation at the caudal segment 8 years after initial two-

level ACDF (C5–7) the same patient had laminectomy of

C4–6 as a third procedure 11 years after initial anterior

fusion.

Another patient developed a recurrent CSM caused by

pseudarthrosis at the caudal of two index segments 5 years

after two-level ACDF (C5–7), and one patient developed

symptomatic ASD due recurrence of CSM at the caudal

segment 12 years after initial one-level ACDF ? PS (C6/

7). The preoperative radiological report was focused on the

segment(s) that was about to be fused. Rarely information

about degenerative changes of the adjacent segment was

described. Therefore, no profound conclusion can be drawn

about the development of symptomatic ASD in these

patients.

There was no significant difference regarding the rate of

repeat surgery due to ASD between patients operated via

ACDF and patients operated via ACDF ? PS (two sided

Fisher exact test p = 0.260).

Discussion

Retrospective studies are often criticized for a low follow-

up rate. In studies with as follow-up of more than 10 years

a lost at follow-up rate of 50% or more is frequently

reported [8–13]. In this study, with a mean follow-up of

26 years 57% of patients how fulfilled inclusion criteria

participated in the study. However, 25% of the contacted

patients were not interested in participating in the study.

The exact reason remains unclear, but this loss of patients

is a bias to all of the presented outcome percentages.

CSM can be treated safe and effectively via an anterior

or posterior approach. The selection of the appropriate

operative strategy is influenced by various factors such as

the underlying pathology of compression, the dominant

side of compression, the number of affected levels, and the

curvature of the cervical spine 4, 14]. The anterior

approach is favored in case of soft disc herniation, con-

comitant severe axial neck pain and kyphosis. Its advantage

is the ability of resecting the object which compresses the

spinal cord and its vascular supply by removing the disc,

the posterior longitudinal ligament and posterior spondy-

lophyte formation. In general anterior, approaches are

preferred in one-to-two-level disease but its effectiveness

has been demonstrated in multilevel procedures [15, 16].

However, multilevel ACDF using autologous iliac crest

graft is performed less frequently due to ICDS morbidity

and the fact that patient satisfaction is very high with bone

graft substitutes compared with autograft [17]. In out ser-

ies, 8.6% of patients reported about limitations due to the

bone harvest even more than 20 years after the procedure.

Additional anterior cervical plating is recommended for

restoration of the sagittal alignment, to reduce graft col-

lapse or graft dislocation, and to achieve higher fusion rates

in one-three level procedures [18–21].

Despite all the advantages the anterior approach is

associated with higher complication rate, a higher reoper-

ation rate, more blood loss and a longer surgical time.

However, the aforementioned has no influence on patients‘

postoperative recovery because the length of hospital stay

has also been reported to be shorter after anterior approach

[22, 23]. In this series, adding of a cervical plate was the

cause for repeat procedure (i.e. plate removal due to

chronic dysphagia) in 7.1% of cases. In none of the cases

implant related complications (i.e. plate breakage) or

pseudarthrosis occurred.

If pseudarthrosis is considered to be associated to ACDF

without plating then the rate for repeat procedure specific

to the surgical technique is 11.1%. However, due to the fact

that this is a series with only 23 patients and no preoper-

ative and follow-up radiographic data no profound con-

clusion can be made whether cervical plating offers a

benefit or not.

The natural history of CSM is more likely one of neu-

rological deterioration. The neurological deterioration after

anterior and posterior approach is not well investigated in a

long-term follow-up because the number of studies with a

follow-up of more than 15 years is rare.

There is only 1 paper by Kawaguchi et al. with a 20-year

follow-up study for the treatment of cervical myelopathy

via ‘‘en bloc’’ laminoplasty in the literature. At last follow-

up about 50% of patients showed worsening of the JOA-

score (mean JOA-score was 10.6) and 60% of patients had

a loss of their cervical lordosis.

Kawaguchi et al. stated that cause of deterioration in the

majority of patients was caused by pathologies other than

myelopathy. A closer look on the listed pathologies shows

that 40.6% of patients were operated on spinal or muscu-

loskeletal disorders, 37.5% had a cognitive disorder or

Eur Spine J (2017) 26:1246–1253 1251

123



stroke and in 21.8% of cause for deterioration were

unknown. The mean mJOA-score of this study was 16.0

points and, therefore, much closer to normality compared

to Kawaguchi’s cohort.

There is no obvious explanation for the difference in the

clinical outcome between Kawaguchi’s series and our

series of patients. But three aspects should be reconsidered.

First, the average age of patients in this study was

7–10 years younger, which might have significant influ-

ence to the physical status of our participants.

Second, none of our participants had a cognitive disor-

der or stroke, which again might have significant influence

too.

Third, a lordotic curvature and a decrease of the sagittal

vertical axis are important factors to achieve good clinical

outcome. However, the restoration of the cervical align-

ment can be achieved via ACDF but this is influenced by

several factors such as the number of levels fused, the

preoperative status of degeneration and the alignment of

the upper cervical spine. Further, spine surgeons should be

aware that ACDF might achieve segmental lordosis by

increasing kyphosis in non-fused levels [24].

Therefore, influence of the cervical alignment on the

clinical outcome might be greater than the repeat procedure

rate which was 9.5% in Kawaguchi’s series and, therefore,

lower compared to this study (i.e., 17.4%) [10].

However, the authors have no radiographic data of these

patients to prove this theory. Since the pathophysiology for

the development of symptomatic ASD is poorly understood

no conclusions can be made whether ACDF is correlated

with acceleration of adjacent segment degeneration. A

multitude of studies have addressed and debated about this

question in the past two decades but there is still no con-

sensus. The design of this study is not suited to thoroughly

address the question of symptomatic ASD since several

factors such as the interbody graft, the number of levels

fused, the use of instrumentation, smoking, and other

patient related factors might have influence on the devel-

opment of symptomatic ASD. A worsening of the clinical

outcome and JOA score after posterior approach via

laminoplasty in a more than 10 year follow-up as well as

after anterior approach in a 7 year follow-up study has

been also reported by several other authors [8, 9, 21, 25].

Similar to the aforementioned findings the results of this

study demonstrate that patients initially showed an improve-

ment of their preoperative symptoms which was followed by

worsening in the course of a long-term follow-up.

Postoperatively, in our study 95.6% of patients reported

to be free of neck pain or an improvement to almost no

neck pain, respectively. At final follow-up the rate of

patients decreased to 78.3% of patients who reported to be

free of pain. Further, 39.1% of patients reported that initial

improvement of their gait disturbance was followed by

worsening. Some might argue that this is caused due to

accelerate degeneration of the adjacent segments after

fusion. However, in the clinical examination no obvious

signs for myelopathy were detected. Therefore, a deterio-

ration of the patient’s physical activity caused by aging

might be more reasonable.

Adding a cervical plate is recommended to preserve

cervical lordosis which is believed to be associated with

better clinical outcome [18, 19].

Our findings showed no significant difference in the

reoperation rate between ACDF and ACDF ? PS. How-

ever, the comparison of clinical success according to

Odoms of the two groups showed a marginal trend towards

significance for better clinical outcome in patients treated

with ACDF ? PS (p = 0.056).

In the practice the choice of treatment is left to the

surgeon. The results of this study have demonstrated the

effectiveness of ACDF and ACDF ? PS with a very good

clinical success rate of 78.3% for the treatment of CSM

over a period of more than 20 years.

Conclusions

ACDF and ACDF ? PS offer a high clinical success rate

of 78.3%, rate of repeat surgery was 17.4% due to symp-

tomatic ASD within 25 years. Worsening of gait distur-

bance was documented in about 40% of cases in the course

of follow-up.
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