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B Closed Reduction of Traumatic Cervical
Spine Dislocation Using Traction Weights
Up to 140 Pounds

Jerome M. Cotler, MD,* Gerald J. Herbison, MD, 1 Joseph F. Nasuti, MD, t
John F. Ditunno, Jr,MD, t Howard An,MD, ¥ and Barbara E. Wolff, MEd

- Tha purpose of this study was to demonstrata that Gard-
|- nar=Walls skull tong traction up to 140 |b was both safa
i and effective in reducing dislocation, without fractures,
| of facet joints involving the C4-C7 vertebral bodies
whan applied by experienced practitioners in a spinal
“cord injury. center undar close scrutiny. Twenty-four |
[ awake patiants wers salected for tha study {age range, ]
11 116-82 yaars). These patients were evaluated for the num-' |
‘bar of millimeters (7-17 mm). of dislocation as measured
' from the posterior aspect of the suparior vertabral body
" to the posterior aspect of the'inferlor vertabral body at
the level of injury: The maximum weight required ta pro-
-~ duce the reduction of the facat joints and the tima from
‘the onset of traction were recorded. The' patients’
neurclogic status was monitored before traction, after
aach incramant in walght applied, and after reduction,
Caraful examination of motor lunction and sensation
was done and recorded at each interval. The 24 patients
|*“wwith cervical spine dislocation of the facet [oints under-
want successful raduction with traction weights {rangs,
10-140 |b). Seventeen patients raguired weights of
more than 50 1b. The trection proceduras lasted for a pa-
riod of B=187 minutes per procedure. Warsening
neurologic status did not oocur in‘any of the patients in-
volved in this study, These resuits supported the hy-
pothesis that, in experienced hends in a spinal cord
injury canter, tha usa of Gardner-\Wells skull tong trac-
tion with weights up ta 140 Ib applied under close scru-
tiny was an acceptable; safs, and effective method of
reducing a dislocation of the facet joints in the absance
of fracturas at tha C3-C7 lawvel in this group of patients.
[Key words: spinel dislocation, traction, raduction]

Research suggests that early reduction after spinal
dislocations improved the chances of neurologic re-
covery at or below the zone of injury.>®!! In a group
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of 76 patients with unilateral or bilateral dislocations
of the cervical spine, 13 were treated with closed ma-
nipulative reduction.’ These authors found improve-
ment of incomplete lesions in 9 of 13 patients. They
also evaluated patients treated with an early reduc-
tion using skull tong traction and reported improve-
ment in 13 of 14 patients with incomplete lesions. Pa-
tients who did not undergo early reduction did not
show such improvement in their neurologic status.

Another study reported that only 2 of 40 patients
with incomplete lesions from compression injuries of
the cervical spinal cord, who underwent surgical re-
duction an average of 31 days postinjury, showed im-
provement in their neurologic status.? In a group of
patients with unilateral facet dislocations with and
without facet or body fractures, an attempt was made
to treat these patients using skull tong traction up to
45 1b.2 Only 6 of the 26 patients underwent successful
reduction. Of the 20 patients with reduction at-
tempted by skull tong traction, 10 were allowed to
heal in a dislocated state. The remaining 10 patients
underwent open reduction and single-level posterior
fusion. Those whose injury was reduced had better re-
sults at the 3-year follow-up than those that healed in
an unreduced state. Based on these results, the
authors suggested that anatomic reduction and fusion
were more effective in giving functional results than
nonoperative treatment. Others studied the effect of
experimentally induced compression of canine spinal
cords in which complete paralysis occurred over a 75-
minute period of gradually increasing compression.!!
All animals recovered fully if the compression was re-
leased within 9 hours, but not later.

These studies suggest that early reduction and de-
compression may be correlated positively with
neurologic recovery and the absence of disabling con-
valescent pain. Rapid reduction using weights up to
120 Ib may be beneficial in reducing unilateral and bi-
lateral cervical spine dislocations.®” These authors
demonstrated (with biomechanical analyses) the al-
ternative weight requirements for reduction of unilat-
eral versus bilateral facet dislocation. Mathematic
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equations were reported, and in general, more weight
was required for the reduction of a unilateral versus
bilateral facet dislocation.”

Surgeons recognize the advantage of doing a tech-
nically demanding operation with experienced per-
sonnel as an elective versus an emergent procedure. In
these circumstances, an elective fusion is accom-
plished in a more expedient manner with fewer com-
plications than setting up an operating room on an
emergency basis. Based on these studies, which sug-
gest the value of early decompression and the poten-
tial advantages of elective fusion, it would appear
reasonable to evaluate immediate rapid closed reduc-
tion of cervical dislocations. The current prospective
study was designed to support a retrospective report’
to show that early closed reduction using Gardner—
Wells skull traction weights of up to 140 Ib applied by
experienced orthopedic surgeons in a regional spinal
cord injury center is an acceptable, safe, and effective
technique in reducing cervical spine dislocations at
the C3-C7 vertebral levels. All of these patients
were reduced in the awake state.

®m Materials and Methods

Twenty-four patients with cervical spine dislocations par-
ticipated in this study. None had a history of neurologic
deficits, all were healthy before their spinal cord injuries.
Table 1 indicates the demographic, neurologic, and ortho-
pedic status of the patients (age range, 16-82 years).
Neurologically intact motor-complete (Frankel A and B)
and motor-incomplete (Frankel C and D)! patients were in-
cluded in this prospective study to determine whether trac-
tion caused any deterioration of strength either at the zone
of partial preservation of function at the cervical level of
injury or below. The neurologic status of the patients was
monitored throughout the period of reduction. The dislo-
cation of the facet joints was from C4-C7 cervical verte-
bral bodies. There were no fractures of the facets or lamina
and no free bony fragments in the neural canal in any of
the patients. All those with dislocations in the absence of
fractures were included in this study independent of the
weight required for reduction. This approach provided an
opportunity to evaluate the range of weights required for
reduction in the current study.

Data collected by analysis of lateral cervical spine ra-
diographs at regular intervals during the traction procedures
included the level of facet dislocation and the millimeters of
dislocation of the vertebral bodies measured from the poste-
rior aspect of the superior vertebral body to the posterior as-
pect of the inferior vertebral body at the level of injury (Table
1). Preoperative evaluation of the cervical spine was limited to
routine radiographs; computed tomography and magnetic
resonance imaging were not done before traction reduction.
The maximum weight and the time necessary to achieve reduc-
tion (measured from the onset of the traction procedure until
successful relocation of the facet joints) was recorded. All re-
ductions were done using dedicated radiographic equipment
and a technologist.

All patients were admitted to the Regional Spinal Cord
Injury Center of the Delaware Valley and were placed on a

Stryker frame in the reverse Trendelenburg position. Gard-
ner—Wells tongs were applied for traction, which was initi-
ated with 10 Ib and increased by an average of 10 b se-
quentially at 5-20-minute intervals until reduction of the
facet joints was achieved. Diazepam was administered to
15 patients before the traction procedure to relax them.
Displacement measurements of the vertebral bodies
were done after each change in traction weights by analyz-
ing lateral cervical spine radiographs taken 3-10 minutes
after the weight change. The neurologic status of each pa-
tient was checked immediately after each change in trac-
tion weights by inspecting the patient’s ability to do an es-

" tablished motor function and/or sensory examination

based on the patient’s ability in this area before the
traction procedure.

After relocation of the facet joint, the maximum weight
used to achieve reduction was recorded, and then the trac-
tion weight was reduced to 10-20 1b. Both the mechanism
of injury, type of dislocation, and mechanisms used for sta-
bilization were recorded for each patient, as were the dates
of injury and traction reduction (Table 1). The mechanism
of injury and type of dislocation were determined from the
pretraction cervical spinal radiographs. The changes in
neurologic status from admission to the 3-month follow-
up were determined using the Frankel classification of de-
gree of incompleteness scale (Table 2) and the modified
motor index score from the Standards of the American Spi-
nal Cord Injury Association.! We used the following mus-
cles to determine the motor index score: biceps, extensor
carpi radialis, triceps, flexor digitorum profundus, inter-
roseous quadriceps, tibialis anterior, extensor hallucis lon-
gus, and triceps, flexor hallucis longus muscles. Each key
muscle was graded according to the standard.! Our total
maximal score was 90. The safety and effectiveness of the
procedure was determined by analyzing the neurologic and
radiographic information obtained from each patient {Ta-
ble 1).

B Results

All 24 patients underwent reduction with Gardner—
Wells skull tong traction. Fourteen patients had a dis-
location that measured from 7-10 mm of dislocation,
whereas the remaining 10 patients had 11-17 mm of
dislocation between the C3-C7 cervical vertebral
spine level (Table 1). Those with dislocations measur-
ing 7-10 mm underwent reduction with traction
weights ranging from 30 to 140 Ib and times, from 20
to 140 minutes. The 10 patients with dislocations of
11-17 mm underwent reduction with traction
weights ranging from 10 to 120 Ib and times from 8
to 187 minutes. Seventeen patients required greater
than 50 Ib to accomplish reduction. The mechanisms
of injury for the 24 patients in this study were as fol-
lows: 17 patients had distractive flexion and 7 had
compression flexion. All 24 patients had anterior dis-
placements. Manipulation was used to assist the trac-
tion weights in achieving reduction in 9 of the 24 pa-
tients (5 with bilateral dislocation and 4 with
unilateral dislocation, Table 1). A prerequisite to ma-
nipulation was a perched position of the facet or fac-
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Table 1. Patient Data
Patient 1 Patient 2 Patient 3 - Patient 4 Patient 5 Patient 6 Patient 7 Patient 8

Date of injury 6/8/89 6/24/89 5/2/88 1/10/89 6/10/88 7/25/88 8/26/88 5/25/89

Date of reduction 6/8/89 6/24/89 5/2/88 1/10/89 6/10/88 7/25/88 8/26/88 6/15/89

Level of dislocation C6-7 C5-6 C6-7 C5-6 C6-7 C5-6 C4-5 C4-5

Facet dislocation Bilateral Bilateral Bilateral Bilateral Unilateral Bilateral Bilateral Unilateral

Mechanism of injury Distractive Distractive  Distractive Comprassion Compression Distractive Flexion Distractive

flexion flexion flexion flexion flexion flexion compression flexion, mild
translation compression

Time to reduce {min) 90 20 135 10 120 90 120 45

Maximum weight (Ib) 70 30 15 30 50 75 120 40

Dislocation {(mm) 10 7 12 15 15 13 10 9

Direction of dislocation Anterior Anterior Anterior Anterior Anterior Anterior Anterior Anterior

Medications used Yes Yes Yes Yes Yes Yes Yes Yes

Use of manipulation No Yes No No No No No Yes

Neurologic status Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged

Date of surgical stabilization 6/14/89 6/27/89 5/31/88 1/17/89 6/11/88 8/1/88 8/29/88 6/20/89

Admission of Frankel C4a-D Intact C6-A C5-A C7-A C4-A C4-D Intact

72-hr-1 wk Frankel ca-D Intact C6-A C4-A Cc7-C Ca-A C4-D Intact

2-4 mo Frankel N/A Intact C6-A C5-A C7-C Ca-A N/A Intact

Most recent Frankel {time C4-D (1 mo) Intact C6-A (24 mo) C4-A(18ma) C7-C(4mo) C4-A (24 mo} Intact (1 wk) Intact

post-SCI)

MIS admission 215 Intact 14.0 11.5 29.0 8.0 90.0 Intact

MIS 72-hr-1 wk 53.0 Intact 17.5 8.0 33.0 2.0 88.0 Intact

MIS 2- 4 mo N/A Intact 225 1.5 395 3.0 N/A Intact

MIS most recent (time post-  74.0 (1 mo) Intact 26.5(24mo) 17.5(18mo) 445{4moc) 10.5(24mo)  88.0 (1 wki Intact

SCl)

Comments No follow-up Intact — —_ —_ — No follow-up Date of
admission > 2
wk from SCI,

Patient 9 Patient 10 Patient 11 Patient 12 Patient 13 Patient 14 Patient 15 Patient 16

Date of injury 4/15/89 7/8/89 7/8/89 7/24/89 7/28/89 10/30/88 12/7/89 3/29/90

Date of reduction 4/20/89 7/9/89 7/10/89 7/24/89 7/28/89 10/30/88 12/7/89 3/30/90

Level of dislocation C4-5 C5-6 C6-7 C4-5 C4-5 C6-7 C5-6 C5-6

Facet dislocation Bilateral Unilateral Bilateral Unilateral Bilateral Unilateral Unilateral Unilateral

Mechanism of injury Distractive  Distractive  Distractive Compression Distractive Compression Distractive  Distractive

flexion flexion flexion flexion flexion flexion flexion flexion

Time to reduce {min) 105 110 30 50 55 105 140 54

Maximum weight {Ib) 70 70 40 40 90 130 140 90

Dislocation {mm) 7 10 10 10 10 10 8 10

Direction of dislocation Anterior Anterior Anterior Anterior . Anterior Anterior Anterior Anterior

Medications used No Yes No Yes No No No Yes

Use of manipulation No No No No Yes No Yes No

Neurologic status Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged

Date of surgical stabilization 4/20/89 7/11/89 7/31/89 7/26/89 7/29/89 11/1/88 12/11/89 4/3/89

Admission of Frankel C4-A Intact C6-B C4-A C4-8 C7-A intact C4-A

72h-1 wk Frankel C4-B Intact C5-B C4-A C4-B C6-B Intact C6-A

2-4 mo Frankel C5-B Intact N/A Ca-A C7-D T1-C Intact C6-B

Most recent Frankel {time C6-B {12 mo) Intact C6-B (3wk) C4-A(24mo) C7-D (24 mo) T1-C (48 mo) Intact C6-B (24 moa)

post-SCl)

MIS admission 6.0 Intact 20.5 6.0 0 25.5 Intact 5.5

MIS 72hr-1 wk 6.0 Intact 18.0 6.0 1.0 46.0 Intact 5.5

MIS 2-4 mo 14.0 Intact N/A 7.0 84.5 57.5 Intact 23.0

MIS r;lost recent {time post-  17.0 (12 mo) Intact 195(3wk) 14.0(24 mo) 84.0{12mo)} 62.0 (48 mo) — 34.0 {24 mo)

SCI
Comments — — No follow-up — — — — —

SCI = spinal cord injury; MIS = motor index score; N/A = not applicable, no follow-up.

ets to complete reduction while traction was main-
tained. Eight patients received no medication before
traction reduction. The neurologic status of these 24
patients remained unchanged relative to their status
before the onset of the traction procedure (Table 1),
and there was no evidence of sudden longitudinal dis-
placement of intervertebral spaces. All 24 patients un-
derwent posterior fusions; 3 of these also underwent

anterior fusions., Eleven patients were stabilized sur-
gically within 1 week after spinal cord injury, and
one patient underwent fusion approximately 1
month after injury.

m Discussion

It was suggested that it is unwise to attempt closed re-
duction with weights larger than 40-50 lb because of
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Table 1. Patient Data (Continued)

Patient 17 Patient 18 Patient 19 Patient20 ' Patient 21 Patient 22 Patient 23 Patient 24
Date of injury 6/15/90 7/17/90 8/12/90 10/11/90 10/21/80 11/10/30 1/4/91 1/19/91
Date of reduction 6/15/90 7/17/90 8/13/90 10/12/90 10/22/90 11/24/90 1/6/91 1/19/91
Level of dislocation C5-6 C6-7 C5-6 C6-7 C4-5 C6-7 C6-7 C4-5
Facet dislocation Bilateral Bilateral Bilateral Unilateral Unilateral Bilateral Bilateral Bilateral
Mechanism of injury Compression Distractive Compression Distractive  Distractive  Distractive  Distractive  Distractive

flexion flexion flexion flexion flexion flexion flexion flexion
Time to reduce {min) 187 52 147 75 10 53 8.8 20
Maximum weight {lb) 115 100 120 90 70 60 60 10
DBislocation {mm) 14 12 1 8 12 10 17 14
Direction of dislocation Anterior Anterior Anterior Anterior Anterior Anterior Anterior Anterior
Medications used Yes Yos Yes Yes No No Yes No
Use of manipulation Yes No Yes Yes Yes No Yes No
Neurologic status Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged
Date of surgical stabilization 6/16/90 7/19/90 Unknown 10/16/90 Unknown 11/24/90 Unknown 1/21/91
Admission of Frankel C6-A Intact C5-A C5-A C3-A Intact C6-A C4-C
72 hr- 1 wk Frankel C6-B Intact C5-B C6-B N/A Intact C6-A C4-D
2-4 mo Frankel C6-C Intact Cs5-B — N/A Intact N/A N/A
Most recent Frankel {time C6-D {24 mo) Intact C4-B (24 mo) C7-B (24 mo) N/A Intact N/A Intact (1 mo)
post-SCl) )
MIS admission 17.5 Intact 6.0 12.0 0.0 Intact 23.0 26.5
MIS 72 hr—1 wk 215 Intact 7.0 255 N/A Intact 23.0 84.0
MIS 2-4mo 62.0 Intact 175 N/A N/A Intact N/A N/A
MIS most recent {time post-  81.5 (24 mo) Intact 17.5(24 mo)  33.0 {24 mo) N/A Intact N/A 90.0 {1 mo)
SCI)

Comments Surgery open — —_— — No follow-up  Fx spinous  Deceased —

reduction process 1/21/91

the risk of overdistraction.®* These authors state that
it is preferable to do an open reduction and posterior
fusion than use traction in excess of these weights.
Others reported that, if there is no neurologic loss,
then there is no urgency.!® In the presence of
neurologic deficit, however, they believed that reduc-
tion should be done as soon as possible. They sug-
gested a maximum of 35-40 1b for dislocation at
C6-7 and less weight applied for cervical disloca-
tions at a higher level. If these traction weights were
ineffective, they considered changing the direction of
traction or trying manipulative reduction. In another
study, neural recovery distal to the zone of injury was
reviewed in 172 patients.!? Although these authors
could not substantiate their impression, they sug-
gested that weights larger than 20 Ib during reduction
may cause overdistraction and increased neural dam-
age. All 24 patients in the current study, however, un-
derwent successful reduction with Gardner-Wells
skull traction. By contrast to the previous studies, 17
of these patients were treated with traction weights in
excess of 50 1b. None of the patients in our study had
a loss in neurologic status during the traction proce-
dure either at the zone of partial preservation! of
function in complete or incomplete injuries or in the
lower extremities in incomplete injuries. Manipula-
tion during traction was done in equal numbers of pa-
tients with unilateral or bilateral conditions. The li-

gamentous complex and disc at the level of injury
may have been affected by the traction; however, the
motion segment was fused sequentially to provide de-
finitive stability. The results of the current study sup-
ported the concept that Gardner~Wells skull tong
traction is safe and effective for reducing cervical
spine dislocation of the facet joints as soon as possi-
ble after injury with weights up to 140 lb. We agree
with investigators who encourage reduction as soon
as possible after spinal injury.>$1%!! It was suggested
that up to 50 Ib of weight could be used reasonably to
reduced the dislocated spine nonoperatively.>* From

Table 2. Changes in Neurologié Status from Admission
to 3-Month Follow-up.

A Complete: all motor and sensory function is absent below the
zone of partial preservation

B Incomplete: preserved sensation only, preservation of any
demonstrable, reproducible sensation, excluding phantom
sensations; voluntary motor functions absent

c Incomplete: preserved motor nonfunctional, preservation of
voluntary motor function, which is minimal and performs no
useful purpose; minimal defined as preserved voluntary moter
ability below the level of injury where the majority of the key
muscles test at less than a grade of 3

D Incomplete: preserved motor functional, preservation of
voluntary motor function, which is useful functionally; defined
as preserved voluntary motor ability below the level of injury
where the majority of the key muscles tests at least a grade of 3

E Complete: return of all motor and sensory function, but one
may still have abnormal reflexes
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the current prospective study, it appears that up to
140 1b of weight can be used to achieve closed reduc-
tion under controlled circumstances with no risk to
the subject. The importance of this finding is that cer-
vical reduction could be achieved shortly after admis-
sion to the spinal cord injury center, where the pa-
tient’s neurologic status, including both motor power
and sensation, can be evaluated frequently, as in the
current study. After the closed reduction is accom-
plished, subsequent surgical fusion can be scheduled
on an elective basis.

In summary, to the authors’ knowledge, this is the
first report in the literature of safe effective early
closed reduction of traumatic facet dislocations in-
volving C4-C7 using traction weights up to 140 lb.
The success of the closed reduction using bigger
weights and careful monitoring, with dedicated
equipment handled by experienced personnel pro-
vided sufficient preliminary data to justify further
consideration by other experts in spinal cord injury
centers.
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