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Abstract: The objective of this study was to analyse the functional and radiographic long term results following anterior
plate fixation of lower cervical spine comparing the outcome of two angular stable plating procedures. Prospective
collected and retrospective evaluated case series Dep. Trauma Surgery, General Hospital Vienna, Austria, Level I
Trauma Centre 65 patients (23 females, 42 males) with an average age of 37.1 (15 — 87) years were enrolled. 30 patients
were treated by the Morscher Plate and entered study group A, 35 patients were stabilised with the Cervical Spine
Locking Plate (CSLP) and entered group B. All patients were monitored for two years. Anterior plate fixation in fractures
of the lower cervical spine with the Morscher Plate or the CSLP. Bone union, implant failure, Webster-Smiley scale.
Bony union was achieved in 62 patients (95%). Non-union rate was 7% (n=2) in group A, and 3% (n=1) in group B. The
rate of failures of reduction and fixation was 20% (n=6) in group A, and 14% (n=5) in group B respectively.
Reoperations were necessary in 3 patients (3%). 58 (89%) patients were fully satisfied with their treatment. 7 patients
(11%) complained about occasional or chronic pain and a decrease of motion. The overall functional outcome score was
1.70 in Group A, 1.65 in group B (Smiley Webster Scale).Our data reveal that comparing Morscher’s plate and the
CSLP, we found no significant differences in terms of technical failures, complications or outcome in our dataset.
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INTRODUCTION

The last 20 years have shown an ongoing
discussion whether anterior or posterior surgery is the
treatment of choice for most of the cervical spine
injuries [1]. Looking at the distribution of acute cervical
spine trauma, 55% of the injuries are located at the level
of C5/6 and C6/7, and anterior surgery at this level is
well established [1]. Occurring instabilities are treated
with anterior cervical discectomy and fusion (ACDF),
which was first reported by Robinson and Smith, in
1955 and is now considered an established surgical
technique [2, 3]. Due to high rates of pseudarthrosis and
kyphotic deformity in those procedures, the need for an
anterior internal cervical fixation device was
recognized[1]. This led to the development of the first
anterior cervical plate (ACP) and screw system by
Boehler in 1964, followed by the evolution of newer
ACP system designs [1,4-6].

Current developments in implant design have
facilitated insertion  procedures and enhanced
biomechanical properties, leading to its increased use in
trauma surgery [6-8]. Recently, anterior plating systems
have also been used in the hope of improving outcomes

following anterior cervical discectomy or corpectomy
for degenerative and oncologic disorders [3, 5, 7-11].
The aims of this technique include decompression of
neural structures, reduction of deformity, immediate
stability, and creation of a conductive environment for
osseous fusion to occur. Proponents of plating systems,
particularly angular stable plates have cited numerous
advantages, including earlier patient mobilization, cost-
effectiveness, a decreased need for orthesis, a
diminished rate of graft dislodgment and migration,
superior fusion rates, immediate stabilization, and the
prevention of spinal deformity [12-17]. The goal of any
treatment of cervical spine injuries is return to
maximum functional ability, minimum of residual pain,
decrease of any neurological deficit, minimum of
residual deformity and prevention of further disability
[13].

The purpose of this study was to analyse the
functional and radiographic long term results following
anterior plate fixation of lower cervical spine fractures
and discoligamentous injuries (C3- C7) at this Level |
Trauma centre, with the particular interest in comparing
the outcome of two angular stable plating procedures.
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METHODS
Patients

In this IRB approved study, the records of 81
patients, over a 12 year inclusion period, which were
diagnosed with traumatic fractures and
discoligamentous injuries of the lower cervical spine
that underwent anterior plate fixation where collected
prospectively and evaluated retrospectively. According
to our inclusion criteria, patients who underwent
anterior plate fixation of lower cervical spine fractures
or discoligamentous instability with angular stable
implants with complete sets of collected data and a
postoperative follow up monitoring of at least two years
after surgery were finally enrolled in this study.

Collected data included variables such as age,
gender, mechanism and type of injury, presence of
neurological deficits, associated injuries, pre-existing
systemic disease and surgical risk factors, method of
operative treatment as well as clinical and radiographic
outcome after surgery. Exclusion criteria of this study
contain patients who were stabilised with non-angular
stable plating systems, patients with incomplete datasets
as well as penetrating mechanism of injury or
congenital cervical spine anomalies.

Patients were divided into two study groups:
Group A included patients treated by the AO internal
fixator (Morscher Plate, Synthes Inc., Paoli, PA),
representing the first eight years of inclusion time.
Group B contained patients stabilised by its successor,
the Cervical Spine Locking Plate (CSLP; Synthes Inc.,
Paoli, PA).

Follow up monitoring included accurate
clinical and radiographic examination of the patients,
before discharge and then at six, twelve and 24 weeks
after trauma. Further regular examinations were
performed at 12 and 24 months after injury. All patients
were at least monitored for a period of two years
(Table-1).

SURGICAL PROCEDURES

For the technique of anterior plate fixation of
lower cervical spine fractures or instabilities, the
patients were placed in supine position with the head
slightly extended and secured by a temporarily fixed
Halo Ring. After closed reduction in cases of
displacement using biplanar (ap and lateral)
fluoroscopic guidance, an anterior cervical approach
was performed. After incision of the skin and platysma
at the level of the injury the anterior cervical spine was
approached by dissecting through the cervical fascia.
The level of the fracture was identified and the fixation
points of the plate constructing systems were
determined. Anterior plate fixation was either
performed by the Morscher Plate (n=30) or the CSLP
(n=38) (Figure-1 and 2).

According to the institution’s treatment
protocol, anterior plate fixation was performed in all
patients with unstable fracture types, discoligamentous
instability and/ or patients with neurological deficits.

Radiographic assessment consisted of a
standard cervical spine series (ap and lateral) at each
follow up visit. Additional flexion/ extension views
were performed between six weeks to 12 months after
trauma. Fine cut CT- Scans with helical reconstruction
were routinely obtained during primary assessment of
the patients and between three to 12 months after
trauma, if the adequacy of bony fusion could not be
determined on the standard radiographs.

For clinical examination, range of motion,
local pain and activities of daily living were routinely
assessed. To quantify the clinical results, the patients
were asked to grade their functional outcome according
to the Webster-Smiley Scale as excellent, good, fair or
poor [18]. For evaluation of neurological function
patients were additionally assessed by a neurological
consultant. ASIA Grades were provided to quantify the
severity of neurological deficits (Table-1 and 2).

STATISTICAL ANALYSIS

For statistical analyses we used the SPSS 16.0
software package (SPSS, Chicago, Ill., USA). Mean
values and standard error of the mean were given unless
otherwise indicated for continuous variables. Clinical
and radiographic results were compared between the
two study groups using student’s t-test. Statistical
significance was defined as p< 0.05.

RESULTS

A total of 65 patients, 23 female and 42 male
with an average age of 37.1 (15 — 87) years at the time
of surgery, were included in the analysis. Thirty patients
were treated by the AO internal fixator (Morscher Plate)
and entered into study group A, 35 patients were treated
with the CSLP and were included into study group B.
The average age in study group A was 33.6 (15 — 86)
years, the average age in study group B was 40.5 (18 —
87) years.

Injuries resulted from motor-vehicle accidents
in 41.5% (n=27), sports-related injuries (climbing,
diving) in 30.8% (n=20), falls from a considerable
height or downstairs in 16.9% (n=11), falls that were of
low energy in 7.7% (n=5), and from other causes in
3.1% (n=2).

Types of injury included fractures of the
cervical spine in 18 cases, fractures with dislocation in
26 cases, dislocations of the lower cervical spine in 6
cases, discoligamentous injuries in 4 cases, as well as
combined types of injury in 7 cases. Injuries were
classified based on the Magerl Classification System.
23 patients had sustained an injury of type A, 34 of type
B and 8 of type C. In study group A we had 11 patients
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with a type A injury, 15 patients with a type B lesion
and 4 patients suffering from a type C injury. In study
group B 12 patients showed an injury of type A, 19
patients of type B and 4 patients showed an injury of
type C. Initial displacement was measured on cervical
CT-scan, which was obtained routinely before surgery.

Significant associated injuries were noted in 23
patients, whereas 42 patients had isolated injuries of the
cervical spine. Four patients showed evidence of a
severe head injury, five patients had signs of a severe
thoracic, abdominal or pelvic trauma, eight patients had
significant injuries of the limbs and six patients
sustained a combination of multiple severe injuries.

Pre-operative neurological deficits related to
the fracture of the lower cervical spine were found in 47
patients. Four patients showed motor deficits, eight
patients incurred sensory deficits and 21 patients had
motor and sensory deficits. Fourteen patients showed
complete para- or tetraplegia. Providing ASIA grades to
quantify the severity of the spinal cord injury and the
impairment of neurological function, the deficits were
graded as ASIA D in twelve patients and as ASIA C in
eighteen patients, ASIA B in three patients.

Relating to pre-existing systemic disease and
risk factors for surgery, 19 patients admitted regular
tobacco use and/ or alcohol consumption, three patients
suffered from a chronic obstructive lung disease
(COLD), another three patients showed a severe
Bechterew’s disease, two had significant cardiac
disease and four patients of them received anticoagulant
therapy. Chronic renal dysfunction and diabetes
mellitus were found in one case each. The average ASA
(= American society of anaesthesiologists) score, which
was determined preoperatively as a measure of
anaesthesiological risk, was 1.56 in Study group A and
1.57 in Study group B.

Surgical treatment was obtained within 24
hours of the injury in 31 patients, within 72 hours in 17
patients and within a week in 17 patients. Comparing
between the two study groups we had 14 patients
treated within 24 hours in group A and 17 patients in
study group B respectively. Within 72 hours eight
patients were treated in study group A and 9 patients in
study group B. Another eight patients underwent
surgery within a week in study group A, whereat group
B showed nine patients in this interval. The mean
interval between fracture and surgery was three days
and did not significantly differ in the study groups.

In 27 patients out of group A and 23 patients
out of group B bone grafting was carried out.Nine
patients were initially treated by a halo fixator another

six patients were additionally stabilised postoperatively
by a halo thoracic vest.

Solid bony union was achieved in 62 patients
(95%). In 3 patients adequate bony fusion could not be
determined on the standard radiographs and incomplete
bony healing was diagnosed by cervical CT-scan
between six to twelve months after surgery. Comparing
between the study groups, we had a non-union rate of
7% (n=2) in Group A and 3% (n=1) in study group B.
No significant difference was found between the two
groups (p> 0.05). The three patients with incomplete
bony healing (Bridwell Classification Grade 3) [19]
underwent no further surgical interventions, as the
patients were free of symptoms and did not show any
relevant residual instability at the cervical spine.

Failures of reduction and fixation were noted
in eleven patients (17%). In four cases we failed to
achieve correct anatomical reduction, in one patient we
found a mal-positioning of the implants and in six cases
we noted secondary loss of reduction (Table- 3).
Comparing the study groups, we had a failure rate of
20% (n=6) in group A, and a rate of 14% (n=5) in the
CSLP Group. No significant difference was found
between the two groups (p> 0.05). Reoperations due to
failures of reduction or fixation were finally necessary
in three patients (4.4%).

An analysis of clinical follow-up monitoring
showed that 58 (89%) patients had returned to their pre-
injury activity level one year after surgery and were
fully satisfied with their treatment. Seven patients
(11%) complained about certain limitations in daily
living, occasional or chronic pain symptoms and a
decrease of cervical spine motion. Using the Webster-
Smiley scale to quantify the clinical outcome of the
patients by grading their results from excellent (=1) to
poor (=4), we had an overall functional outcome score
of 1.70 in the Morscher Group A, and 1.65 in the CSLP
Group B (p> 0.05).

Neurological deficits after surgery were
evaluated in 17 patients (26.2%). Five patients showed
tetraplegia, two out of group A, three out of group B.
One patient showed motor deficits, four patients had
sensory deficits and seven patients incurred motor and
sensory deficits. In three patients (4.4%) recurrent
laryngeal nerve injury was found after surgical
stabilization which had completely recovered at the
time of being discharged. All other patients with
preoperative neurological deficits recovered fully after
surgery. General and specific complications were
showed in Table 3.
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Table-1: Characteristics of study population

n

Total 65

Male 23
Female a2

Type B 34
Type C -]

Age (¥) 37.1 (15-87)
Group A 30
Group B as
Mechanism of injury

rMVA 27
Sport 20
Falls from hight 11
Falls low energy s
Other 2
Magerl Class.

Tvpe A 23

46.2
53.8

41.5

30.8

16.9
7.7
3.1

35.38
52.30
iz2.20

Table-2: Details according to group division

Group A

B

% n %

Total 30

Mager| Class.
Type A 11
Type B 15
Type C© a

ASA*® score 156
Time till surgery

<24h 14
<72 h 8
<7 days a

Mean intervall {(d)
Fx till surgery 3

Bone grafting 27

Wwebster Smiley scale 170

Age 33.6 (15-56)

100 3s 100
40.5 (18-87)
367 12 34.3
50 19 54.3
13.3 a 11.4
1.57
466 17 48.5
25.6 ° 25.7
5.6 o 25.7

Table-3: General and specific complications following anterior fixation

Group

Specific complications
Non-union
Incorrect reduction
Secondary lose of reduction
Mal-positioning of implants
Severe infection

General complications
Cardiac failure
Respiratory failure
Pneumonia
Severe infections
Thromboembolism
Deaths

A B
n n
2 1
2 2
3 3
1 0
0 0
1 2
2 2
1 0
2 1
1 0
2 1

DISCUSSION

The anterior cervical spine surgery approach at
the level of C3 to T1 has been introduced in 1952 [1,
20]. This concept has been modified in very different
ways, leading to a myriad of anterior plate systems [1].
Since the late seventies, the anterior plate fixation can
be considered as standard procedure, independently
from type of lesion (A to C) [1, 13, 21-24]. Most of the
results in the current literature show that anterior
surgery and proper application of a plate-bone construct
lead to stable results in most instances and associated
with a complication rate below 5% [1,25,26].

Bombart et al. have compared patients with
posterior and anterior fixation techniques [27]. Anterior
surgery with or without plates and posterior surgery
with plates or wiring were included. The overall results
showed that the infection rate of the posterior approach
was twice as high as that of the anterior approach,
similar results have also been demonstrated by Aebi et
al. [28]. However, there were some cases of dysphonia
and dysphagia in the anterior surgery group, which
resolved spontaneously. Oesophageal tear or perforation
was neither observed in Bombart’s study nor in Aebi’s
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series. The number of spinal cord complications was
significantly higher in the posterior surgery group [27-
30].

To our opinion the lower cervical spine should
be approached based on the type and location of the
dominant lesion. Predominantly anterior lesions such as
disruption of the ventral ligaments, or vertebral body
fractures that need anterior realignment or
decompression and fusion, should be operated by an
anterior  approach, which provides atraumatic
preparation and preserves the biomechanically
important paravertebral muscles [31, 32] Recently,
anterior cervical plate fixation of the cervical spine has
evolved tremendously, as most of the injuries affect
anterior structures. Many clinical studies have reported
higher fusion rates with anterior cervical plates [30,
33,34]. Previous plate systems, such as the Caspar plate
required bicortical screw purchase within the vertebral
body increasing the risk for neurological damage [12-
17, 35-38]. In recent years screw locking systems have
been developed as standard feature and found
widespread acceptance in orthopaedic, neurosurgical
and traumatological anterior cervical reconstruction.
Biomechanical advantages of angular stable implants
are still controversially discussed and are finally
determined by the clinical and radiographic outcome
[39-42].

Several clinical trials have reported on fusion
rates of angular stable implants for single level
procedures from 90-100% and from 70-95%
respectively for two- or multilevel procedures. Cheng et
al. for example showed a fusion rate of 100% in 17
patients, whereat the authors reported on orthopaedic
and trauma patients [43]. Covering exclusively patients
following acute cervical spine trauma, Ripa et al. as
well as Aebi et al. also revealed a bony union rate of
nearly 100% in their series [28, 32]. In contrast,
Johnson et al. reported on 87 patients showing a lower
fusion rate of 93% and delayed or incomplete fusion in
another 27% of their patients [44]. In our series we had
an overall solid fusion rate of 95% without any
significant difference between the Morscher plate
(93%) and the CSLP (97%). In the remaining five
percent we saw incomplete or delayed fracture healing
leading to clinically stable and fibrous unions requiring
no further surgical interventions.

Referring to the clinical outcome of the
patients following anterior cervical plate fixation after
injuries to the lower cervical spine, many authors have
shown satisfactory functional results
[1,5,7,8,11,15,17,28,31, 33-40,43,45-49]. Most of the
surgically treated patients were able to return to their
pre injury activity level without any notable impairment
in their activities of daily living. Cheng et al. revealed
excellent to good results in more than 80% of their
patients according to the Kurokawa Score for clinical
measurement of the cervical spine [43]. Yue et al. also

reported that more than 90% of their patients were
widely free of pain symptoms and had no neurological
deficits or gait problems at a final follow up
examination after seven years [45]. Blauth et al.
reported on a series of 57 patients following traumatic
anterior cervical spine fusion and found after ten years,
that 86% of the patients did not take any medication due
to pain or other symptoms in their cervical spine,
whereat 7% of their patients complained about
persistent pain. They did not find any significant
correlation between symptoms and radiological findings
or number of fused levels. In our series 89% of the
patients were satisfied with their treatment and
recovered fully after rehabilitation [32]. Using the
Webster-Smiley Scale to quantify the clinical outcome,
we also had an excellent to good outcome underscoring
the reports in literature [50]. With regards to the
neurological outcome, we had a neurological
improvement after decompression and surgical
stabilisation in more than one third of our patients.

In previous decades a long standing concern
was the safety of using anterior plate fixation regarding
treatment related complications. Fears regarding
incorrect primary reduction, malpositioning of the
implants or secondary loss of reduction due to screw
loosening or plate breakage have been widely dispelled
in articles on anterior fixation. Most authors reported on
extremely low complication rates of less than two or
three percents [1, 32, 46, 51, 52]. Only Yue et al.
showed a rate of implant related complications in seven
of 71 patients leading to a failure rate of nearly ten
percents [45]. However, none of these patients required
revision surgery. In our series, we had a rate of
treatment related complications of 17%, which was in
contrast to current data and literature. More than 50% of
the patients with technical failures showed secondary
loss of reduction due to slight screw migration and
increasing kyphosis. Reoperations following failures of
reduction and fixation were finally necessary in three
patients (4.4%) which are concordant to recent articles.
Further specific complications referring to the surgical
approach, such as recurrent laryngeal nerve injury or
dysphagia, were also seen in 3 of our patients, whereat
all these patients fully recovered until the time of being
discharged.

Our data reveal that angular stable anterior
plating of the lower cervical spine is a suitable
treatment option for fractures and/or instabilities of the
lower cervical spine. Comparing Morscher’s plate and
the CSLP, we found no significant differences in terms
of technical failures, complications or outcome in our
dataset.
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