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Abstract
Study Design: This was a retrospective study. Purpose: The purpose was to retrospectively evaluate 
long‑term outcome of anterior stabilization in three‑column injury of the subaxial cervical spine. 
Overview of Literature: Literature shows varied results regarding the approach to be chosen. 
Most studies prefer a combined approach since biomechanically forms more stable construct. The 
isolated posterior approach is preferred by many as it is easy to reduce and fix three‑column injuries. 
There are very few studies which show the isolated anterior approach to be better than the other 
two. Materials and Methods: Seventy‑eight patients of three‑column injury operated by anterior 
approach with follow‑up of atleast 2 years were included and retrospectively analyzed. Clinical data 
included age, sex, time to surgery, methods of reduction, postoperative mobilization, and neurological 
evaluation using the ASIA scale. Radiological data included pre‑ and postreduction X‑ray, computed 
tomography, and magnetic resonance imaging (MRI). X‑rays taken post‑operatively at 1,3, 6 months, 
1yr and 2yrs.Variables like fracture type (AO Classification), overall alignment, localized kyphosis, 
time for fusion and grade of fusion mass were noted. Results: Of 78 patients, 61 had bifacetal 
dislocation and 17 unifacetal. The most common site was C5‑6, followed by C3‑4 and C6‑7. The 
mean patient age was 35.98 years with 60 males and 18 females. The mean time to surgery was 
4.4 days. Forty dislocations were reduced by closed method and 38 by open anterior approach. 
Fifty‑six percent of patients had traumatic disc injury on MRI. All are managed by single‑level 
anterior cervical discectomy and fusion with iliac crest autograft for fusion. The mean preoperative 
lordosis: 4.44° (range −13.4° to 25°) and mean postoperative lordosis: 28.57° (P < 0.0001) mean 
loss of alignment: 2.59° by 2 years, 100% fusion with mean time – 22.82 weeks, neurological 
recovery in 34.6% with atleast one grade improvement in ASIA scale. No neurological worsening or 
need for revision surgery was observed. Conclusion: The goal of surgery in cervical injury is bony 
stabilization and fusion using a least morbid approach and one with good long‑term outcome. Above 
study concludes that only anterior stabilization after reduction of three‑column injury would suffice 
with good long‑term outcome, thereby obviating need for global fusion.
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Introduction
The cervical spine is functionally the 
most important region of the spine. The 
subaxial region of the cervical spine 
accounts for about 65% of all cervical 
spine injuries. Subaxial cervical spine 
fractures are classified according to AO 
classification [Figure 1]. All three‑column 
injuries come under AO type C. Dislocations 
can be unifacetal or bifacetal [Figure 2]. 
Injuries are evaluated based on the 
three‑column biomechanical model in each 
region of the spine [Figure 3] and have been 
the basis for our treatment rationale. Despite 
the high incidence of subaxial injuries, the 

optimal management often is not clear from 
existing medical literature. The concept of 
spinal stability has been defined by  White 
and Punjabi [Figure 4]. The principle 
is that single column injuries without 
neurological deficit will in general be stable 
without progressive deformity. Two‑column 
injuries, which are considered unstable, 
are treated operatively, but some of these 
injuries can be treated with immobilization. 
Three‑column injuries are highly unstable 
and can lead to severe neurological deficits 
and instability if not adequately treated. 
Facet dislocations and rotational injuries are 
the most common forms of three‑column 
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injuries. Subaxial spine injuries can be treated by either 
an anterior, posterior, or combined approach. The simplest 
and most direct strategy is to base the approach on the 
area of greatest structural injury.[1,2] Injuries that require 
reconstruction of the anterior column support generally are 
approached anteriorly and those requiring direct reduction 
of dislocations are approached posteriorly. There is a 
debate going on since ages regarding which approach to 
use in three‑column injuries with each having its own pros 
and cons.[3,4] The main objective in the treatment of such 
injuries is to reduce the dislocation, achieve anatomical 
alignment, stabilize the column, and fusion of the injured 
segment. Any approach that is able to achieve these goals 
by causing minimum morbidity is considered the best. 
The anterior approach is favored because of its obvious 

advantages of direct cord decompression and anterior 
column reconstruction. The posterior approach is favored 
by a few because of the ease of approach and reduction 
of the dislocation. The above study was done to evaluate 
the effectiveness and long‑term outcome of only anterior 
stabilization in a three‑column cervical spine injury.

Aims and objectives

The aim of this study was to retrospectively evaluate 
the long‑term outcome of only anterior stabilization in 
three‑column injury of the subaxial cervical spine.

Materials and Methods
A total of 105 patients of three‑column injury of subaxial 
cervical spine (C3‑C7) operated by anterior approach were 
chosen for the study, but only 78 patients (with follow‑up 
of at least 2 years) were included and retrospectively 
analyzed as only those met our inclusion criteria. The 
injury at presentation was classified according to AO 
classification and patients were managed according to 
Subaxial Cervical Spine Injury Classification and scoring 
System (SLICS) [Figure 5]. Patients with SLIC score of 
4 and above were considered for operative intervention. 
We retrospectively reviewed the clinicoradiological aspects 
from the records of these 78 patients who were operated 
at our institute and were followed up with serial clinical 
examination and radiographs taken at 1, 3, 6 months, 1 year, 
and 2 years to assess the progress. Clinical parameters 
taken into account were age, sex, time to surgery, and 
neurological assessment using the ASIA scale [Figure 6]. 

Figure 1: AO classification of subaxial cervical spine fracture

Figure 3: Three-column concept of Denis

Figure 4: White and Panjabi instability scale

Figure 2: (a) Bifacetal dislocation. (b) Unifacetal dislocation
ba
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The radiological assessment included taking preoperative 
X‑ray, computed tomography (CT), magnetic resonance 
imaging (MRI) scans, and postoperative radiographs taken 
at immediate postoperative, 1, 3, 6 months, 1, and 2 years. 
Radiological parameters calculated from these records were 
the level of injury, classification of injury based on AO 
classification, pre‑ and postoperative vertebral alignment, 
time for fusion, stability, and maintenance of correction. All 
the participants in the study have given their due consent 
and the study has been approved by the ethics committee 
of our institute. Patients of subaxial three‑column cervical 
spine injury operated by anterior approach and stabilization 
after open or closed reduction and those with a follow‑up 
of at least 2 years with maintained records were included 
in the study. Patients operated by posterior or combined 
approach and those lost to follow‑up were excluded from 
the study.

All patients with cervical spine injury on presentation were 
thoroughly evaluated clinically and radiologically. Patients 
were managed according to the fixed standard protocol 
followed at our institute. Patients of uni‑ and bi‑facetal 
dislocation with ASIA‑A were attempted for immediate 
reduction by sequential traction method [Figure 7] where 
patients were put on Gardner‑Wells skull traction in a slight 
amount of neck flexion, starting with 5 kg + 2.5 kg/level 
of injury below C1. This was followed by the addition of 
2.5 kg every 30 min until reduction was achieved, to a 
maximum of 50% estimated body weight for 1 h. When 
the anteriorly dislocated inferior facet was found to have 
cleared the superior facet of the vertebra below, the neck 
was extended and traction was reduced to 5 kg. Those 
with neurology other than A were temporarily immobilized 
and reduction attempted only after obtaining MRI as the 
incidence of traumatic disc injury ranges from 40% to 70% 
in facet dislocation and any attempted reduction without 
MRI can do more harm than good. Those facet dislocations 

with disc injury and/or prolapse on MRI were reduced 
intraoperatively after discectomy.

Surgical techniques

All patients who were considered for surgery were operated 
by the anterior approach using Smith‑Robinson’s anterior 
approach technique.[5‑9] The reduction was attempted only 
after discectomy. Unreduced dislocations were reduced 
using techniques[10‑13] like Cloward maneuver,[13] reverse 
Cloward maneuver,and modified technique using Casper 
pins[10] by Khanna et al.[14] Unifacetal dislocations are 
hard to reduce and those failed to reduce by the above 
methods were reduced using the technique of traction, 
flexion, lateral rotation, and gradual extension in sequence. 
Reduction is both felt and visualized while reducing. 
Bilateral facet dislocations that failed to get reduced by the 
above means are reduced using progressive traction, slight 
flexion, and then gradual neck extension in sequence. The 
reduction was assessed under fluoroscopy. Thorough cord 
and root decompression was done. An appropriate size iliac 
crest strut autograft was inserted[15,16] and stabilized using 
an anterior cervical locking plate[17,18] [Figure 8]. Wound 
closure over the negative suction drain, which was kept 
for 3 days postsurgery. The neck was immobilized in slight 
extension for atleast 6 weeks using an appropriate brace.[16]

Results
Out of 78 patients, 61 presented with bifacetal dislocation 
and 17 with unifacetal dislocation. The region most 
involved was C5‑6 (40), followed by C4‑5 (21), C3‑4 (7), 
and C6‑7 (10). C5‑6 is the most common site of injury 
due to higher mobility at this level. The mean age of the 
patients was 35.98 years, of which 60 were male and 
18 female.

The mean time to surgery was 4.4 days. This is due to 
some factors related to patient and hospital facilities which 
are responsible for unnecessary delay in surgery. Kanna 
RM et al.[14] in their study had similar conditions with the 
mean time to surgery >72 h.

Of 78 patients, 40 dislocations were reduced by closed 
means and 38 by open anterior approach either due to 
failed closed reduction or due to traumatic disc injury with 
disc prolapse. Fifty‑six percent of patients had traumatic 
disc injury as confirmed by MRI.

Figure 5: Subaxial cervical spine injury classification system

Figure 6: American Spine Injury Association impairment scale
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All patients were managed by single‑level anterior cervical 
discectomy and fusion after closed or open reduction of 
facet dislocation and alignment confirmed on fluoroscopy. 
Iliac crest autograft was used for fusion in all patients.

Of 78.17 patients presented with ASIA‑A neurology, 
of which 5 improved to ASIA‑B and 12 showed no 
improvement at the end of 2 years. Twenty‑eight 
patients presented with ASIA‑B, of which 6 improved 
to ASIA‑C and 22 showed no improvement. Fourteen 
patients presented with ASIA‑C, of which 6 improved 
to ASIA‑D and no improvement was seen in the rest 
8. Eighteen patients presented with ASIA‑D, of which 
10 improved to ASIA‑E and 8 showed no improvement. 
One patient presented with ASIA‑E and remained the same 
postoperative. Twenty‑seven patients out of 78 (34.6%) had 
a neurological recovery by atleast one grade. No worsening 
of neurology was seen in any of the patients.

Preoperative mean lordosis was 4.44° ranging 
between −13.4° (kyphosis) and 25° lordosis which after 
reduction and anterior stabilization improved to mean 
lordosis of 28.57° (range: 12.5° to 50°) which was 
statistically significant (P < 0.0001). The mean loss of 
correction was 2.59° at the end of 2 years. The mean 
time for fusion was 22.82 weeks. Union was seen in all 
patients (100%) with Bridwell grade 1 of the fusion mass. 
Overall alignment of the cervical spine was maintained by 

the end of 2 years with no need for revision surgery. All 
patients were mobilized after drain removal on day 3 by an 
appropriate brace.

Of 78.7 patients had wound complications, of which 
3 had at the neck incision site and 5 at the graft incision 
site. None of them needed revision surgery for the above. 
Dysphonia was seen in 3 patients due to recurrent laryngeal 
nerve injury confirmed by indirect laryngoscopy. Some 
amount of recovery was seen in all 3 patients at 3‑month 
follow‑up. Dysphagia was seen in 2 patients with no major 
injury to the esophagus which gradually recovered at a 
3‑month follow‑up.

Discussion
Management of cervical spine injuries requires a 
multidisciplinary approach. Three‑column injuries are 
highly unstable and need fixation after proper reduction. 
The goals of treatment in cervical fracture dislocation 
are reduction of dislocation and maintenance of proper 
alignment, cord and root decompression, bony stabilization, 
and fusion. Irrespective of the approach used, the above 
goals must be met. The anterior approach is preferred 
because of less morbidity, ability to thoroughly decompress 
the cord and nerve roots, and advantage of getting away 
with short‑segment fusion without jeopardizing the adjacent 
normal motion segments. Although the posterior approach 
allows easy reduction of facet dislocation, it comes at the 
cost of the need of long‑segment fusion, higher chances of 
neurodeficit while attempting reduction, inability to perform 
thorough cord and root decompression, and higher chances 
of infection. There has been a lot of confusion regarding 
the management of three‑column injuries of the cervical 
spine. We have a standard protocol at our institute for 
managing such cases. We reviewed the long‑term outcome 
in patients of three‑column injuries who were managed by 
the anterior approach.

Our study included 78 patients of subaxial cervical 
spine fractures with facet dislocations. Although our 
study does not have the highest number of cases like 
Theodotou et al.[19] with 398 patients, it has a good 
number of cases to come to a conclusion and standardize 
the procedure followed in treating such injuries. The 

Figure 8: Anterior cervical discectomy and fusion

Figure 7: Closed reduction by sequential traction method
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most common cause of injury in our patients was a road 
traffic accident which was followed by a fall from height. 
Out of 78 patients, 60 were male (76.9%) and 18 were 
female (23.1%). The mean age was 35.98 years which 
shows that the younger age group is the most affected. 
This supports the need of a treatment strategy that has a 
good long‑term outcome.

The most common site affected in our study was C5‑6 
accounting for 51.28% of all cases. C5‑6 and C6‑7 are 
the most common sites affected as shown by Reindl 
et al.[20] and Theodotou et al.[19] in their study. This is due 
to high mobility at these sites as these are junctional areas. 
Bifacetal dislocations were more common than unifacetal 
dislocation. All of our patients were advised MRI and CT 
scan preoperatively and 56% had traumatic disc injury 
diagnosed on MRI. The incidence of traumatic disc 
herniation ranged from 5% to >80%, with 71% incidence 
in a study by Gao et al.,[21] 30% incidence by Kanna 
et al.,[14] and 42% incidence by Rizzolo et al.[11] Attempted 
reduction in patients with traumatic disc injury can lead to 
herniation of disc and cord injury leading to neurological 
deterioration.

Of 78 patients, 40 dislocations were reduced by closed 
methods and 38 by the open method as per techniques 
shown by Keynan et al.[22] in their study. Open methods 
were carried out either due to failed closed reduction or 
due to traumatic disc injury diagnosed on prereduction 
MRI. Among those reduced by closed means, 80% were 
bifacetal and 20% unifacetal dislocations. No neurological 
worsening was seen in any of them. The mean time to 
surgery was 4.4 days (range: 2–7 days). Most of these 
patients have polytrauma and stabilization before any 
surgery is of paramount importance. Time to surgery has 
a definite advantage in neurological recovery in patients 
with incomplete cord injury as shown by Kanna et al.[14] 
where time to surgery was 1–3 days with good amount of 
postoperative recovery in patients with incomplete cord 
injury.

Preoperative mean lordosis was 4.44° (range: −13.4° 
kyphosis to 25° lordosis) which after reduction and 
anterior stabilization improved to mean lordosis of 
28.57° (range: 12.5°–50°) which was statistically 
significant (P < 0.0001). Gao et al.[21] in their study showed 
correction of alignment from 10.6° ± 8.9° of kyphosis 
to 6.7° ± 8.2° of lordosis. Restoration of the anterior 
weight‑bearing column is of atmost importance. The 
mean loss of correction was 2.59° at the end of 2 years. 
Gao et al.[21] had a loss of 1.5° of correction at the end of 
2 years in their study. Ren et al.[23] in their study showed a 
loss of 13% of correction at the end of 2 years.

The fusion rate was 100% with the mean time to fusion 
of 22.82 weeks (range 16–28 weeks). None of the patients 
operated by the anterior approach needed revision surgery. 
Lambiris et al.[7] in their study showed a mean fusion rate 

of 90.5% in the anterior group and 82.6% in the posterior 
group. Liu et al.[25] had a fusion rate of 100% in those 
operated by anterior approach.

Seventeen patients presented with ASIA‑A neurology at the 
time of admission, of which 5 improved to ASIA‑B and 
12 showed no recovery at the end of 2 years. Twenty‑eight 
patients presented with ASIA‑B, of which 6 improved to 
ASIA‑C and 22 showed no recovery. Fourteen patients 
presented with ASIA‑C, of which 6 improved to ASIA‑D 
and no improvement was seen in 8 patients. Eighteen 
patients presented with ASIA‑D, of which 10 improved 
to grade E and 8 showed no change in neurology. One 
patient presented with grade E neurology and remained 
the same postoperative. Twenty‑seven patients out of 
78 (34.6%) had a neurological recovery by atleast one 
grade. Root recovery was seen in most patients with partial 
deficit. No worsening of neurology was seen in any of the 
patients. The main improvement was root recovery in the 
above patients. Kanna et al.[14] in their study of 39 patients 
who were operated by the anterior approach, 22 patients 
with incomplete deficit showed recovery. Liu et al.[25] 
in their study showed that 36.5% of their patients had a 
neurological recovery of atleast one grade. Reindl et al.[20] 
in their study had a neurological recovery by one grade 
in many patients with one patient showing neurological 
worsening.

Of 78.7 patients had wound complications, of which 3 had 
at the neck incision site and 5 at graft incision site. None 
of them needed revision surgery for the above. Dysphonia 
was seen in 3 patients due to recurrent laryngeal nerve 
injury confirmed by indirect laryngoscopy. Some amount of 
recovery was seen in all 3 patients at 3‑month follow‑up. 
Dysphagia was seen in 2 patients with no major injury 
to the esophagus which gradually recovered at 3‑month 
follow‑up. No major loss of correction, implant failure, 
pseudoarthrosis, infection, or neurological worsening was 
seen in any of the patients. All patients were mobilized 
by day 3 postoperative with proper brace avoiding neck 
flexion for atleast 6 weeks and the brace was continued 
until radiological fusion.

Conclusion
Management goals in three‑column injuries are timely 
reduction of dislocation, maintenance of proper alignment 
by rigid stabilization and bony fusion, cord and root 
decompression. All of these to be achieved using an 
approach that is least morbid and one with good long‑term 
outcomes. The above study shows that only anterior 
stabilization after open or closed reduction of three‑column 
injury will suffice, thereby avoiding the need for 
circumferential fusion.
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