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Objective: Chronic ‘displaced’ displaced type II fractures, though uncommon, are difficult 
to manage. They usually require a transoral procedure followed by a posterior instrumented 
fusion. We describe here, a new method to reduce the fractured displaced odontoid using a 
posterior cervical approach only.
Methods: Prospective and observational, n = 14 had a ‘displaced and irreducible’ old frac-
ture dens causing cord compression (type I, 1; type II, 13). They underwent a novel tech-
nique to reduce the fracture. The C1 arch was first drilled and removed. The C1 lateral mass-
es on both sides were then drilled completely and a spacer was placed between the occiput 
and C2 facet. Following this, an intraoperative reducing maneuver was performed, utiliz-
ing the spacer as a fulcrum, and then achieving complete reduction and realignment.
Results: All patients improved clinically (mean Nurick preoperative score: 4.07 ± 0.8; the 
postoperative score was 1.3 ± 0.4). The mean correction in effective canal diameter was 
74.3% ± 9.5% and the mean correction in actual canal diameter was 77% ± 8.7%. Solid 
bone fusion was demonstrated in 12 patients with at least 1-year follow-up (follow-up range, 
12–35 months; mean, 21.8 ± 9.8 months).
Conclusion: The new described modification of distraction, compression extension, and 
reduction seems to be effective for ‘displaced’ chronic fracture dens with cord compression. 
It avoids additional transoral surgery in these patients.

Keywords: Fracture, Odontoid, Irreducible, Atlantoaxial dislocation, Type II dens fracture, 
Reduction

INTRODUCTION

Cervical spine injuries, especially at the C2 level, may be as-
sociated with severe morbidity and mortality, especially in the 
presence of instability and cord compression. It is essential to 
understand the diversity of C2 fractures before considering their 
management: lateral mass fractures, extension teardrop fractures, 
traumatic spondylolisthesis (hangman fractures), and odontoid 
fractures.1 Odontoid fractures constitute 10%–20% of all cervi-

cal spine injuries and many may be underreported.
The treatment algorithm for odontoid fractures primarily de-

pends on the fracture type and clinical status. The most widely 
used classification system was that described by Anderson and 
D’Alonzo in which fractures were classified into 3 main types, 
and each has been further subcategorized as displaced or non-
displaced. Of the 3 types of fractures, type II is commonest and 
is also characterized by the highest rate of nonunion . In addi-
tion, the treatment paradigm is further influenced by the chro-
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nicity of the fracture. Acute fractures may be usually treated by 
first reducing them with traction, followed by applying an odon-
toid screw. However, chronic nonunited fractures present a chal-
lenge for management. Therefore, treatment may include options 
like conservative management (with immobilization), especial-
ly in elderly,2 posterior transarticular/C1–2 screw-rod fixation,3 
curetting the margins of the fractured segments followed by 
placement of an odontoid screw4 and sometimes a transoral ex-
cision of the odontoid process followed by posterior instrument-
ed fixation. The latter has been suggested in long-standing dis-
placed nonunited ‘irreducible’ fractures.5

The authors describe a new innovative technique based on 
their earlier described method of distraction, compression ex-
tension, and reduction (DCER).6-12 First, after C1 laminectomy, 
total excision of bilateral C1 lateral masses was performed. Fol-
lowing this, a spacer was placed between the occipital condyle 
and the C2 facet joint creating an artificial articulation. Follow-
ing this, a reduction maneuver was performed based on the 
technique of DCER. This technique has been successfully ap-
plied to reduce chronic nonunited, irreducible displaced type II 
fractures causing cord compression. This is the first that this 
technique has been used for this pathology.

MATERIALS AND METHODS

1. Patient Population
This study is prospective observational study. The study was 

conducted per the guidelines of the national council of medical 
research, and permission was taken from the Institute Review 
Board of All India Institute of Medical Sciences (AIIMS), New 
Delhi.

Three hundred fifteen patients with basilar invaginations (BI) 
and atlantoaxial (May 2010–March 2020) underwent DCER6-13 
(or combined with its modifications) utilizing a single staged 
posterior approach (PSC). Fourteen patients had chronic dis-
placed ‘displaced’ type II dens fractures.

2. Exclusion Criteria
The following patients were not included in this study: (1) 

acute type II fractures of dens; (2) undisplaced fractures or those 
reducing on traction; (3) polytrauma involving fractures in oth-
er areas of the cervical spine; (4) cases with ventral C1–2 or frac-
ture bone fusion, where a reduction was not possible. However, 
bone fusion at the level of articular facets was not a contraindi-
cation, as they could be easily separated with drills; (5) anoma-
lous vertebral artery placed directly over the joints. Hence, a 

computed tomography (CT) angiogram was performed in all 
cases to exclude anomalous vertebral artery positions; (6) se-
vere osteoporosis, that may not withstand the correction.

3. Preoperative Assessment
Grading pre- and postoperatively was assessed per Nurick 

grading system.14

4. Radiologic Studies
Dynamic plain x-rays, thin-slice CT scans (0.625 mm) with 

reconstructed views, and magnetic resonance imaging (MRI) 
was obtained in all patients preoperatively. All patients had dis-
placed fractures, as confirmed on active dynamic x-rays. All 
patients underwent plain x-rays and thin-slice CT scans with 
reconstruction views to define the position of the screws and 
the extent of reduction within 1 week after the surgery. MRI 
was performed 3 months later to assess the extent of decom-
pression.

During follow-up, dynamic x-rays and CT scans with recon-
struction views were performed from 3 to 6 months and again 
at one year (in those patients with this period of follow-up avail-
able) after surgery to check the position of the implants and bone 
fusion.

5. Surgical Procedure
All patients underwent awake endoscopic intubation without 

neck manipulation following the placement of skeletal traction 
(Gardner Wells). Following general anesthesia, the patient was 
placed in the prone position on a U-shaped headrest with the 
neck in a neutral or extended position. This was preferred over 
Mayfield skeletal pin fixation to allow intraoperative maneuvers. 
Adequate care was taken to provide padding for the eyes. The 
procedure has already been described in detail earlier15 and is 
also shown in Supplementary video clip 1. Briefly, following oc-
ciput, C1 and C2, bilateral C1/C2 joints were exposed (Fig. 1A, 
B). A C1 laminectomy was first performed along with decom-
pression of the posterior rim of the foramen magnum (if neces-
sary) to decompress the cord and prevent any cord injury while 
performing the reduction maneuver (Fig. 1C).

Following this, the joints were gently distracted using an in-
strument like a periosteal elevator, and then a distractor was 
placed between the C1 and C2 posterior lateral arches. In 10 of 
14 cases, it was found that the C1 was tightly ‘wedged’ into C2, 
and it was quite difficult to separate both of them. Once the joint 
was ‘loosened,’ the articulating cartilage and the entire C1 later-
al masses were drilled using a fine diamond drill (Fig. 1D). The 
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whole lateral masses of C1 vertebrae are drilled medial trans-
verse process. Again, it may be mentioned that drilling the en-
tire C1 lateral mass is unnecessary. It should be drilled enough 
to provide space to introduce a spacer to articulate between the 
occiput and C2 articular surface. The lateral portion of the C1 
lateral mass may be left behind to protect the vertebral artery. 
Again, it is prudent to mention that the vertebral artery’s exact 
position must be ascertained using a CT angiogram and 3-di-
mensional reconstruction. The idea is to provide a pivot between 
the occiput and C2 articular surface (see below) to provide an 

axis for the reduction of the deformity. The C2 ganglion and 
root need to be sacrificed, but C1 may be preserved. This cre-
ates enough space to introduce a spacer. The entire drilling must 
be done with a diamond head drill. Care must be taken not to 
get into the venous plexus situated laterally, where the vertebral 
artery will be lodged. If there is some bleeding from the venous 
plexus, it may be controlled using a wet gel foam with mild tam-
ponade. Next, the cartilage of the joint surfaces of the occiput 
and C2 were denuded using a fine diamond drill. Bilateral spac-
ers (polyetheretherketone) or special biconvex hollow titanium 

Fig. 1. Schematic diagram showing the surgical technique. Panel A shows how the cord is compressed in fractured and displaced 
odontoid process. Arrows indicate the lines of force leading to displacement of dens and compression of the cord. The dens slips 
forward and is ‘wedged’ between the C2 body and C1 arch. Panel B shows the first step of surgery. Here first, the posterior arch 
of C1 is drilled. (C) This is followed by decompression of the cord dorsally. (D) Following this, the C1 lateral mass is drilled out 
completely. The author prefers to first separate the C1–2 joint using an instrument like a periosteal elevator. The drilling of the 
C1 lateral mass may be performed through the C1–2 joint by starting at the inferior surface of the C1 joint. � (Continued)

Step 1 drilling away the  
C1 arch & thecal sac 
decompression.

A B
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cages filled with bone grafts were inserted, the size approxi-
mately corresponding to the height from the base of the dens to 
the fracture level (Fig. 1E). This step resulted in the distraction 
of the margins of both the fractured segments to allow reduc-
tion. The height of the spacers required ranged from 8 mm to 14 
mm. Next, a screw (to be removed later) was placed on the oc-
ciput, followed by C2 translaminar screws. An offset was next 
applied on the occipital screw.

A compressor was next applied with its calipers respectively 

over the offset of the occipital screw and under the C2 spinous 
process. Compression (converging arrows, Fig. 1F) was perform
ed so that the occiput and C2 were approximated to each other. 
This maneuver was conducted under fluoroscopic guidance. 
Careful monitoring of intraoperative motor evoked potentials 
and D wave was also performed. Slow and progressive compres-
sion resulted in the C2 body ‘slipping’ forward (arrowhead, Fig. 
1F) and under the fractured segment due to the extension of 
the head (Fig. 1F, G). This reduction was facilitated because the 

Fig. 1. (E) This is followed by the placement of a spacer (polyetheretherketone, PEEK) between the occiput and C2 joints. (F) 
The spacer now acts like a fulcrum of a type II pivot joint. Thus, a compressive force (converging arrows, F) now applied be-
tween the occiput and the C2 will lead to the forward movement of the C2 body. This forms the fundamental principle of dis-
traction, compression extension, and reduction. (F) Next, a temporary screw is placed over the occiput. Compression is now 
provided by placing the arms of the calipers between the inferior surface of C2 and an offset placed over the occipital screw 
(converging arrows, F). Now acting like a fulcrum (F), the spacer moves the C2 body forwards and ‘slips it’ under the fractured 
dens. (G) Final fixation is now provided by connecting a rod between the occiput and C2 translaminar screw. In 1 case (case 3, 
Table 1), both laminar and pars screws were provided on C2. It should be noted that this technique is only advised for patients 
with chronic displaced odontoid fracture, which causes severe cord compression by becoming wedged between the C1 arch and 
the body of the C2. S, spinal cord; O, occiput; D, dens; C1, C1 anterior arch; PC1, posterior arch of C1. (Continued)

Placement of the PEEK cage between 
occipital condyles and C2 articular 
facet (both sides).

Drilled out lateral mass.
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E
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spacer now functioned like a fulcrum of a type II pivot joint (black 
dot, Fig. 1F). This forms the fundamental principle of DCER 
(also see Figs. 2–6).

The length of (3.5 mm, diameter) C2 translaminar screws16 
varied from 24 to 32 mm. While the assistant maintained the 
compression, the occipital-cervical rod was placed on one side 
and fixed. Following this, the compressor was removed, and a 
similar fixation was performed on the other side. Following sur-
gery, the occipital and C2 spinous bone exposed areas were de-
corticated using a fine diamond drill. Bone chips harvested from 

the iliac crest mixed with hydroxyl-apatite were placed between 
the occiput and C2 spinous process. The wound was closed in 
layers. A drain was placed if felt necessary.

All patients were electively ventilated overnight and slowly 
weaned off the ventilator, and extubated the next day. Patients 
were advised to use Philadelphia rigid cervical collar for 6–9 
months until bone fusion was demonstrated.

As noted in Fig. 1F, an occipital screw coupled with a trans-
laminar screw provided a greater distance from the fulcrum, 
which is now located in the center of the spacer lodged between 

Fig. 2. A 34-year-old male had a fall from a tree 4 months ago (case 6, Table 1), following which he developed complete quadri-
plegia. He was provided treatment at a local hospital with traction and other medical treatment (possibly also methylpredniso-
lone, but details were not available). He improved over the next month but was severely hindered (Nurick score was 4) and se-
verely restricted neck movements. On referral to us, magnetic resonance imaging (A) showed a type II dens fracture with a large 
ventrally displaced fragment wedged between the C1 arch and the C2 body (computed tomography scan; B) with evidence of 
severe cord compression. (C, D) Following a modified distraction, compression extension, and reduction as described in the 
text, there was a satisfactory fracture reduction. The effective canal diameter improved b 83% and the actual canal diameter by 
63% (see Table 1).

A B C D

Fig. 3. A 45-year-old female sustained a type II fracture following a road traffic accident 6 months ago (case 10, Table 1). He was 
initially treated for a head injury and was on ventilator support for almost 2 weeks (diffuse axonal injury). He improved gradual-
ly and was then referred to us. Magnetic resonance imaging (A) showed severe cord compression and a sizeable fractured frag-
ment (computed tomography scan, B) wedged between the C1 arch and the C2 body. There was also evidence of 2 small com-
minuted fractured fragments. Following modified distraction, compression extension, and reduction (C), the fracture reduced 
satisfactorily (the effective canal diameter improved by 86.4%, and the actual canal diameter improved by 68%).

A B C
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the occipital condyle and the C2 articulating surface (class III le-
ver). Thus, the forces required to perform the reduction were 
also significantly more, allowing an optimal removal of the de-
formity. However, there is a word of caution that such an extent 
of intraoperative maneuvering requires the presence of good in-
tegrity of the bone and a good purchase of a screw. Hence, it is 
essential to exclude osteoporosis. In addition, the reduction should 
be performed slowly in small increments taking about 15–20 
minutes, rather than doing it rapidly, which will have a greater 
chance of fracture or loosening of the screws. Finally, keeping an 
escape option in place is essential in case this strategy fails.

RESULTS

1. Patient Population
The patient population comprised 9 males (and 5 females) 

ranging from 9 to 48 years (mean age, 24.7± 9.3 years).
The clinical presentations included progressive myelopathy 

in 12, restriction of neck movements with or without nuchal 
pain (11), paraesthesias (10), sensory loss (8), incontinence (3), 
and respiratory compromise (2). The interval between the time 
of trauma till surgical intervention varied from 3–36 months 
(mean, 6.6 ± 8.2 weeks). The nature of trauma included falls 
(10), road traffic accidents (5), and assault with a blunt weapon 
(1). Initial treatment was provided in 7 in the form of skeletal 
traction at a local hospital. The other 6 were advised a rigid cer-
vical collar and then referred to a tertiary hospital, and 2 refused 
any immediate surgery. One patient underwent unsatisfactory 
surgery (posterior wiring) and was referred to us. All had a type 
II dens fracture except one (case 4, Table 1).

2. Surgery
Occipital-C2 DCER, along with total bilateral excision, was 

performed in all 14 patients (Figs. 2–6). There was no need to 
complete a transoral procedure on any patients. C2 laminae 
were suitable in all cases, and the thickness varied from 4.2–5.8 
mm. The length of C2 laminar screws went from 24–32 mm. 
One patient required translaminar and pars-pedicle screws for 
the C2 vertebra (Fig. 5). The duration of the surgery ranged 
from 70 to 160 minutes (mean, 105± 22 minutes), and blood 
loss ranged from 90 to 400 mL (mean, 210± 125 mL, see also 
Figs. 2–6).

3. Clinical Outcome
All patients improved clinically compared to the preoperative 

Nurick scores (Nurick grade I: 9 patients, and grade II:5 patients; 
follow-up: 12–35 months, mean: 21.8± 9.8 months). The mean 
preoperative Nurick score was 4.07± 0.8, and the mean postop-
erative score was 1.3±0.4. All patients with nuchal pain improved 
postoperatively. One patient with respiratory compromise re-
quired postoperative ventilation and subsequent tracheostomy 
that was weaned off and removed after 6 weeks. The other 2 
patients with respiratory compromise improved. One patient 
developed a wound gaping at the upper part as he was chroni-
cally bedridden. This healed in 6–8 weeks with appropriate an-
tibiotics and daily sterile dressings.

4. Radiologic Outcome
X-ray and CT scans were performed 1 week, 3 months, and 6 

months to 1 year after surgery. They were performed until bone 
fusion was confirmed. Solid bone fusion was demonstrated in 

Fig. 4. (A) A 22-year-old male (case 11, Table 1) sustained a type II dens fracture and suffered a fall from a rooftop 5.5 months 
ago while flying a kite. He underwent an unsatisfactory surgery elsewhere (wiring done posteriorly; B, C). Following our refer-
ral, the computed tomography also showed a fracture through one lateral mass of C1. (D) Thus, he underwent a modified dis-
traction, compression extension, and reduction, which provided a satisfactory fracture reduction and realignment of the dens.

A B C D
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all patients with at least 1-year follow-up. The following meth-
od was used to calculate the degree of spinal canal restoration. 
The formula, which was applied, included calculating the actual 
canal diameter (ACD; distance between the posterior border of 
the dens and posterior margins of the foramen magnum), pre-
operative effective canal diameter (pre-ECD: distance between 
the posterior margin of the upper edge of the C2 body at the 
level of the fracture and anterior border of the C1 arch) and post-
operative ECD (post-ECD: the distance between the posterior 
wall of fractured dens and occiput:). Two parameters were used 
to calculate the degree of improvement of canal diameter. One 

is the degree of improvement of ECD (cECD), calculated using 
the formula cECD= pre-EDC/post-ECD× 100. The other pa-
rameter was the degree of improvement in ACD (cACD); this 
was calculated using the formula cACD= post-ECD/ACD× 100. 
The mean cECD was 74.3% ± 9.5% and the mean cACD was 
77%± 8.7%.

DISCUSSION

Acute odontoid fractures are a surgical emergency that should 
be treated immediately. Type II fractures are the commonest 

Fig. 5. A 34-year-old female sustained a fall from stairs 36 months ago (case 3, Table 1, see also video). She developed complete 
quadriplegia initially and was provided medical treatment (with methylprednisolone) at a local hospital with traction. She made 
minimal improvement, but the patient refused to seek surgical treatment initially. On referral to us, she was bedridden although 
she was still continent (Nurick score of 5). (A) Computed tomography scan showed a large, fractured dens fragment wedged be-
tween the C1 arch and the C2 body with severe compression of the cord between the C1 posterior arch and C2 body. A modified 
distraction, compression extension, and reduction (DCER) was performed as described in the text. (B) During surgery, the au-
thor preferred placing both C2 laminar and pars screws interconnected. (C, D) Following a modified DCER, the effective canal 
diameter improved by 72% and the actual canal diameter by 61%. The patient made a satisfactory improvement to Nurick score 
of 2 over 32 months. Panels E and F show the schematic diagrams of the placement of both C2 pars and C2 laminar screws and 
the method by which they have been connected. PEEK, polyetheretherketone.

A B C D

E F

Schematic diagram showing placement of spinous and pars screws in C2 during surgery.
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Fig. 6. A 9-year-old-boy tripped over the ground running while playing cricket 4 months ago (case 4, Table 1). He developed a 
type I dens fracture (fracture of os odontoideum; A). Magnetic resonance imaging (B) showed severe compression of the cord 
between the body of C2 and the C1 arch. A modified distraction, compression extension, and reduction (DCER) was necessary 
as the fractured fragment was in front of the C2 body. Following a modified DCER, there was a satisfactory reduction of the frac-
ture (C). Panel D shows the polyetheretherketone cage placed between the occiput and C2 facet.

A B C D

and are associated with the highest rates of nonunion.17,18 Type 
I and type III fractures are uncommon and rarely require surgi-
cal intervention and usually may be managed by rigid immobi-
lization only.1,18 Most acute fractures may be reduced with trac-
tion followed by an odontoid screw placement, a posterior tran-

sarticular, or a C1/C2 instrumented screw fixation.19 Chronic 
fractures are commonly found in the elderly and are associated 
with a high incidence of nonunion. Given this, elderly patients 
with type II fractures are often advised conservative treatment 
with immobilization only. The underlying principle of treatment 

Table 1. Table showing the summary of age, sex, time after presentation of trauma, preoperative (preop) and postoperative (po-
stop) Nurick score, % of reduction, follow-up, and bone fusion

No. Age  
(yr) Sex

Time for pre-
sentation after 
trauma (mo)

Preop  
Nurick  
score

Postop 
Nurick  
score

cECD  
(%)

cACD  
(%)

Follow-up 
(mo)

Bone  
fusion

  1 22 M 3 4 1 66.7 66.7 35 Yes

  2 24 M 4 5 2 71.4 77.8 34 Yes

  3* 34 F 36 5 2 72.7 61.1 32.5 Yes

  4†   9 M 4 4 1 46.7 78.9 31 Yes

  5 25 F 2 3 1 80.0 78.9 29 Yes

  6† 32 M 4.2 4 1 83.3 63.2 25 Yes

  7 26 M 4.7 5 2 68.8 80.0 24 Yes

  8 13 M 3 4 1 73.3 83.3 20 Yes

  9 35 F 3.8 3 2 76.5 89.5 18 Yes

10† 45 M 6.2 3 1 86.4 68.8 16 Yes

11† 22‡ M 5.5 4 1 75.0 76.2 17 Yes

12 28 F 5.8 3 2 81.3 80.0 12 Yes

13 17 M 4.3 5 1 83.3 90.0 8 NA

14 15 F 4.4 5 1 75.0 84.2 4 NA

Mean 24.7 ± 9.3 - 6.4 ± 8.2 4.07 ± 0.8 1.3 ± 0.4 74.3 ± 9.5 77.0 ± 8.7 21.8 ± 9.8 -

Nurick grading: grade 0: signs or symptoms of root involvement but without evidence of spinal cord disease; grade 1: signs of spinal cord dis-
ease but no difficulty in walking; grade 2: slight difficulty in walking which does not prevent full-time employment; grade 3: difficulty in walk-
ing which prevented full-time employment or the ability to do all housework, but which was not so severe as to require someone else’s help to 
walk; grade 4: able to walk only with someone else’s help or with the aid of a frame; grade 5: chair bound or bedridden.
cECD, the degree of improvement in effective canal diameter; cACD, the degree of improvement in actual canal diameter; NA, not applicable.
*Case mentioned in figure and also shown in Supplementary video clip 1. †Cases mentioned in Figures. ‡Patient underwent an unsatisfactory 
surgery (posterior wiring) at a local hospital and was then referred to us.
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is not just to relieve the compression but also to provide optimal 
stability and correction of deformity.

Chronic displaced ‘irreducible’ nonunited type II fractures 
are uncommon. They are more commonly found in elderly pa-
tients but may also be seen in settings where immediate treat-
ment is unavailable at the site of injury and due to lack of opti-
mal referral systems, due to which they may be left untreated.

Accurate diagnosis of an odontoid fracture depends heavily 
on good quality x-rays and thin-slice plain CT scan films with 
reconstruction. CT imaging is much more sensitive to deter-
mining the fracture’s extent, looking for minor fractures and 
bone fragments, planning surgical trajectory, and making out 
the soft tissues. A type I fracture17 is considered an avulsion of 
the attached alar ligament. Though the least common, the diag-
nosis may be often missed, mainly if a CT scan is not performed. 
It is usually considered a stable fracture with a high chance of 
fusion. A type III odontoid fracture18 involves the cancellous 
portion of the C2 body. Most of these may be treated with ex-
ternal bracing only and are usually associated with reasonable 
fusion rates. Rarely, they may become unstable and may require 
surgery.20 Type II odontoid fracture involves the junction of the 
odontoid process and vertebral body of C2. These are the com-
monest, are highly unstable, and are associated with high rates 
of nonunion.

The treatment strategy for type II odontoid fractures aims to 
protect neural elements, establish spinal stability, and improve 
clinical symptoms. The optimal treatment strategy, based on 
evidence, is not well established because of the significant rate 
of nonunion. This is primarily because dens has very few tra-
beculae, which form the site of reparative callus formation. This, 
coupled with other factors like decreased vascularization at the 
odontoid base, the low bone strength quality at the junction of 
the dens and C2 body, and decreased trabecular mass with ag-
ing, make treatment of this pathology challenging, especially in 
the elderly.1 Both rigid (halo-vest immobilization) and nonrigid 
immobilization, considered viable alternate options especially 
for elderly patients, are not without significant morbidity (some-
times up to 42%). There are no validated guidelines to suggest 
which surgical option would provide the best choice for opti-
mal treatment. The proposed surgical intervention indications 
are based on retrospective analysis. They include displacement 
of fracture fragment > 5 mm, displacement of 20% of the frac-
ture surface area, age > 50 years, and disruption of transverse 
ligament.

Analysis of various surgical techniques shows a significant 
evolution over the past 2 decades. There has been a steady evo-

lution in the development of strategies, which provide more sta-
bility. Thus, the surgical techniques initially started with poste-
rior spinous wiring, progressed to interspinous wiring, then to 
sublaminar wiring. This gave way to screw placement techniques, 
which included transarticular screws (Magerl), C1 lateral mass, 
and C2 pedicle/isthmus screw-rod constructs (Goel’s/Harms)3,21 
and odontoid screw.22 Transarticular and C1/C2 rod/screw con-
structs are biomechanically more stable than wire and hooks.3,21,23 
Odontoid screw placement (osteosynthesis) was first described 
by Bohler in 1982 and is currently one of the most standard tech-
niques for type II fractures. The main indications include frac-
tures < 3 weeks old, intact transverse ligament, horizontal or 
posterior oblique fractures, and optimal bone quality. The main 
advantages include improvement of postoperative neck move-
ment, absence of the need for halo-vest immobilization, and re-
ported healing rates ranging from 83% to 100%.24,25

Chronic displaced ‘irreducible’ type II fractures with cord com-
pression are uncommon. They commonly occur in elderly per-
sons or patients who did not receive treatment immediately.26 
They may be more commonly found in situations where treat-
ment may not be available in the immediate vicinity and there 
is a delay due to referral to a tertiary center due to a treatment 
gap, which could be because of a knowledge gap or social or fi-
nancial reasons. Such fractures usually require transoral exci-
sion of an odontoid fractured fragment followed by a posterior 
instrumented fixation (C1/C2 or a trans articular screw fixa-
tion). The authors have described a single staged posterior ap-
proach technique, which provides all 3 treatment objectives, i.e., 
cord decompression, stabilization, and correction of the defor-
mity. The author has named the surgical procedure DCER as it 
utilizes all 3 components of motion, i.e., distraction, followed 
by compression and extension, leading to the removal of the 
deformity. This technique has effectively been utilized in over 
200 congenital craniovertebral junction anomalies with moder-
ate to severe BI and atlantoaxial dislocation.6,13,27-30 The principle 
of the method is based on using the spacers as a pivot, which 
converts the C1/C2 joints into a type II pivot (in the present study, 
occipital-C2 joint after drilling the lateral mass of C1 thorough-
ly). Thus, compression applied posteriorly translates into a move-
ment of extension, resulting in the dens’ forward movement, 
effectively reducing the atlantoaxial dislocation. This is the first 
time in the literature that such a technique has been used to re-
duce certain severe chronic displaced odontoid fractures. The 
authors have used this technique to correct over 200 BIs cases 
and atlantoaxial dislocation (AAD).

Following its practical application in BI and AAD, the authors 
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applied the same technique with minor modifications on patients 
with chronic displaced ‘irreducible’ type II fractures.6-8,12,27-30 The 
main modification included performing a C1 laminectomy, 
posterior decompression of the rim of the foramen magnum, 
complete drilling of the C1 lateral masses, and denudating the 
occipital and C2 joint surfaces by a spacer placement between 
the occiput and C2 joints. This is followed by compression be-
tween the occiput and C2 spinous process (Fig. 1). This move-
ment results in the ‘slipping back’ of the C2 body under the frac-
tured dens (with the spacer now acting as a fulcrum), thus re-
ducing the fracture. Here occipital-C2 fusion was performed 
instead of C1/C2 fixation. The initial distraction brought the 
margins of the fractured segment of the dens to the same level. 
The subsequent compression and extension allowed the C2 body 
with the base of dens to ‘slip forward’ under the fractured odon-
toid segment.

We used 3 measurements to assess the degree of spinal canal 
widening. These included ACD: measured between the poste-
rior margin of the dens to the posterior margin of the foramen 
magnum; pre-EDC: measured between the posterior margin of 
the C2 body at the level of the fracture and anterior border of 
posterior C1 arch before surgery; post-ECD: measured between 
the posterior margin of the C2 body at the level of the fracture 
and the posterior margin of the occiput after surgery (as the C1 
posterior arch is drilled away after surgery). Using these mea-
surements, we used 2 parameters to assess the degree of spinal 
canal widening. These included: cECD= degree of improvement 
of ECD, calculated as pre-EDC/post-ECD× 100; cACD: degree 
of improvement of ACD, calculated as post-ECD/ACD× 100. 
The mean improvement of ECD was 74.3%± 9.5% (compared 
to the pre-ECD), and the mean improvement of canal compared 
with the ACD was 77%± 8.7% (as compared to the preopera-
tive ACD). This also correlated with an improvement in clinical 
scores. The mean preoperative Nurick score was 4.07± 0.8, and 
the mean postoperative score was 1.3± 0.4. To the best of our 
knowledge, this is the first time such a technique has been ap-
plied to reduce a displaced ‘irreducible’ type II fracture.

The main advantages of DCER include the ability of perform-
ing a 3-axis correction which is required for correction of any 
deformity. It is to the best of our knowledge, the first procedure 
to describe correction of severe deformities at the cranioverte-
bral junction (i.e., atlantoaxial dislocation, BI).

CONCLUSION

The technique of DCER has been used effectively by the au-

thors in over 300 patients with BI and AAD. We have modified 
the same method to realign chronic ‘displaced’ displaced type II 
odontoid fracture (with cord compression) through a single 
staged posterior approach. To create a fulcrum, the C1 lateral 
mass was excised bilaterally, and an artificial articulation was 
made between the occipital condyle and the C2 facet joint. The 
mean improvement of ECD was 74.3% ± 9.5% (compared to 
the pre-ECD) and the mean improvement of ACD was 77%±  
8.7% (compared to the preoperative ACD). The technique pro-
vides movement in 2 axes, i.e., in vertical and horizontal direc-
tions, and utilizes the spacer as a fulcrum between the occiput 
and C2 joint to effectively correct the displaced fragments. How-
ever, there is a word of caution for patients with osteoporosis, as 
the bone may not be strong enough to withstand the corrective 
forces. We also agree that the current series is not very large. 
However, publishing the current series aims to provide proof of 
concept. We aim to publish a more extensive series at a later date.

NOTES

Supplementary Material: Supplementary video clip 1 can be 
found via https://doi.org/10.14245/ns.2244406.203.

The supplementary video clip 1 shows the surgical technique 
of modified DCER (case 3, Fig. 5, Table 1).

Conflict of Interest: The authors have nothing to disclose.
Funding/Support: Part funding for the study was provided 

by a grant from the Dept of Biotechnology, Ministry of Science 
and Technology.

Acknowledgments: The technique described here has been 
registered for a global patent vide Patent cooperation treaty (PCT), 
International application number PCT/IN2014/000385.

Author Contribution: Conceptualization: PSC; Data cura-
tion: PSC; Formal analysis: PSC; Funding acquisition: PSC; Meth-
odology: PSC; Project administration: PSC; Visualization: PSC; 
Writing - original draft: PSC, RS, RD, SV, PS; Writing - review 
& editing: PSC, R RS, RD, SV, MC, PS.

ORCID
P. Sarat Chandra: 0000-0002-3375-6803
Ramesh Doddamani: 0000-0001-6338-0061
Satish Verma: 0000-0002-0356-1562
Pankaj Singh: 0000-0001-8590-4786

REFERENCES

1.	Benzel EC, Hart BL, Ball PA, et al. Fractures of the C-2 ver-



Distraction, Compression, Extension, Reduction for Displaced Fractured DensChandra PS, et al.

https://doi.org/10.14245/ns.2244460.230 � www.e-neurospine.org   403

tebral body. J Neurosurg 1994;81:206-12.
2.	Ryan MD, Taylor TK. Odontoid fractures in the elderly. J 

Spinal Disord 1993;6:397-401.
3.	Harms J, Melcher RP. Posterior C1-C2 fusion with polyaxial 

screw and rod fixation. Spine (Phila Pa 1976) 2001;26:2467-
71.

4.	Smith HE, Kerr SM, Fehlings MG, et al. Trends in epidemi-
ology and management of type II odontoid fractures: 20-year 
experience at a model system spine injury tertiary referral 
center. J Spinal Disord Tech 2010;23:501-5.

5.	Ekong CE, Schwartz ML, Tator CH, et al. Odontoid fracture: 
management with early mobilization using the halo device. 
Neurosurgery 1981;9:631-7.

6.	Chandra PS, Kumar A, Chauhan A, et al. Distraction, com-
pression, and extension reduction of basilar invagination 
and atlantoaxial dislocation: a novel pilot technique. Neuro-
surgery 2013;72:1040-53; discussion 1053.

7.	Chandra PS, Goyal N, Chauhan A, et al. The severity of bas-
ilar invagination and atlantoaxial dislocation correlates with 
sagittal joint inclination, coronal joint inclination, and cra-
niocervical tilt: a description of new indexes for the cranio-
vertebral junction. Neurosurgery 2014;10 Suppl 4:621-9; dis-
cussion 629-30.

8.	Chandra PS, Goyal N. In reply: the severity of basilar invagi-
nation and atlantoaxial dislocation correlates with sagittal 
joint inclination, coronal joint inclination, and craniocervi-
cal tilt: a description of new indices for the craniovertebral 
junction. Neurosurgery 2015;76:E235-9.

9.	Sarat Chandra P, Bajaj J, Singh PK, et al. Basilar invagination 
and atlantoaxial dislocation: reduction, deformity correction 
and realignment using the DCER (distraction, compression, 
extension, and reduction) technique with customized instru-
mentation and implants. Neurospine 2019;16:231-50.

10.	Chandra PS, Brockmeyer D, Mendel E, et al. Intraoperative 
manipulation, reduction, realignment, and deformity reduc-
tion in patients with atlantoaxial dislocation and basilar in-
vagination. Neurosurg Focus Video 2020;3:V1.

11.	Chandra PS, Agarwal M. A case of severe basilar invagina-
tion and AAD, corrected using the technique of DCER-dis-
traction, compression, extension, reduction (with spacer + 
universal reducer). Neurosurg Focus Video 2020;3:V9.

12.	Chauhan AK, Chandra PS, Goyal N, et al. Weak ligaments 
and sloping joints: a new hypothesis for development of con-
genital atlantoaxial dislocation and basilar invagination. Neu-
rospine 2020;17:843-56.

13.	Chandra PS, Prabhu M, Goyal N, et al. Distraction, compres-

sion, extension, and reduction combined with joint remod-
eling and extra-articular distraction: description of 2 new 
modifications for its application in basilar invagination and 
atlantoaxial dislocation: prospective study in 79 cases. Neu-
rosurgery 2015;77:67-80; discussion 80.

14.	Nurick S. The pathogenesis of the spinal cord disorder asso-
ciated with cervical spondylosis. Brain 1972;95:87-100.

15.	Chandra PS. In reply. Neurosurgery 2014;74:E148-50.
16.	Ma XY, Yin QS, Wu ZH, et al. C2 anatomy and dimensions 

relative to translaminar screw placement in an Asian popu-
lation. Spine (Phila Pa 1976) 2010;35:704-8.

17.	Anderson LD, D'Alonzo RT. Fractures of the odontoid pro-
cess of the axis. J Bone Joint Surg Am 1974;56:1663-74.

18.	Anderson LD, D'Alonzo RT. Fractures of the odontoid pro-
cess of the axis. 1974. J Bone Joint Surg Am 2004;86:2081.

19.	Hadley MN, Dickman CA, Browner CM, et al. Acute axis 
fractures: a review of 229 cases. J Neurosurg 1989;71(5 Pt 1): 
642-7.

20.	Przybylski GJ, Welch WC. Longitudinal atlantoaxial disloca-
tion with type III odontoid fracture. Case report and review 
of the literature. J Neurosurg 1996;84:666-70.

21.	Goel A, Laheri V. Plate and screw fixation for atlanto-axial 
subluxation. Acta Neurochir (Wien) 1994;129(1-2):47-53.

22.	Böhler J. Anterior stabilization for acute fractures and non-
unions of the dens. J Bone Joint Surg Am 1982;64:18-27.

23.	Panjabi MM, Crisco JJ, Vasavada A, et al. Mechanical prop-
erties of the human cervical spine as shown by three-dimen-
sional load-displacement curves. Spine (Phila Pa 1976) 2001; 
26:2692-700.

24.	Hrabálek L, Adamus M. Kombinace zlomenin dentu C2 a 
subaxiální krční páteře u pacientů s ankylozující spondylar-
tritidou Dens fracture with concurrent subaxial cervical spine 
injury in patients with ankylosing spondylitis. Acta Chir Or
thop Traumatol Cech 2012;79:69-73.

25.	Sasso RC. C2 dens fractures: treatment options. J Spinal Dis-
ord 2001;14:455-63.

26.	Harrop JS, Przybylski GJ, Vaccaro AR, et al. Efficacy of ante-
rior odontoid screw fixation in elderly patients with Type II 
odontoid fractures. Neurosurg Focus 2000;8:e6.

27.	Chandra PS. In reply: different facets in management of con-
genital atlantoaxial dislocation and basilar invagination. Neu-
rosurgery 2015;77:E987-8.

28.	Chandra PS. In reply: distraction, compression, and exten-
sion reduction of basilar invagination and atlantoaxial dislo-
cation. Neurosurgery 2015;76:E240-2.

29.	Joaquim AF, Tedeschi H, Chandra PS. Controversies in the 



Distraction, Compression, Extension, Reduction for Displaced Fractured DensChandra PS, et al.

https://doi.org/10.14245/ns.2244460.230404  www.e-neurospine.org

surgical management of congenital craniocervical junction 
disorders - a critical review. Neurol India 2018;66:1003-15.

30.	Chandra PS, Singh P. In reply: distraction, compression, ex-
tension, and reduction combined with joint remodeling and 

extra-articular distraction: description of 2 new modifica-
tions for its application in basilar invagination and atlanto-
axial dislocation: prospective study in 79 cases. Neurosur-
gery 2017;80:231-5.


