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Intraoperative Sonographic
Monitoring of Reduction of
Thoracolumbar Burst
Fractures

Intraoperative real-time sonography was used to monitor surgical reduction of acute
thoracolumbar burst fractures in eight patients. Real-time sonography was performed
after laminectomy through a saline-filled operative field using either a 5.0 or a 7.5 MHz
transducer. Sonography was performed during Harrington rod distraction and during
fracture reduction to confirm adequacy of decompression of the spinal canal. This
technique is useful to monitor surgery and in defining adequate fracture reduction.

Treatment of vertebral fractures is undertaken to relieve neural compression and
to stabilize the vertebral column [1]. Operative treatment may vary but often
includes a method of stabilizing thoracolumbar fractures using metallic rods as
proposed by Dickson et al. [2]. Previous authors have advocated several methods
of evaluating intraoperative reduction of vertebral fractures including direct inspec-
tion, cross-table lateral radiographs, and intraoperative myelography [1]. Recently,
high-resolution sonography has been shown to be helpful for intraoperative locali-
zation and guidance during surgical exploration of the spinal cord [3-5]. We show
the use of high-resolution sonography for intraoperative monitoring of reduction of
thoracolumbar vertebral fractures.

Materials and Methods

Intraoperative sonography was performed in eight patients using a 5 MHz or a 7.5 MHz
ATL MK600 real-time sector scanner in seven and an ATL dedicated neurosector scanner in
one (Advanced Technology Labs., Bellevue, WA). Hard-copy films were obtained in the
operating room, but in three cases films were obtained from "2 inch (1.27 cm) videotape after
leaving the operating room. All eight patients had fractures of the thoracolumbar vertebral
column as diagnosed and evaluated preoperatively by radiographs and noncontrast computed
tomography (CT). These were all burst fractures at the thoracolumbar junction, which are
classified by Denis [6] as type B. In each case, the body was fractured anteriorly with an
additional fracture of the superior part of the body and end-plate posteriorly. This part of the
vertebral body protruded into the vertebral canal reducing the diameter of the neural canal.
All fractures were acute with operations performed 12 hr to 2 weeks after injury (table 1).

Sonography was performed after laminectomy or hemilaminectomy and medial facetotomy
with the patient in the prone position and with the operative field filled with saline. The
sonographic scanner was placed in a sterile covering and then positioned in the saline water
path, thus allowing an acoustic window without actually touching the dura. The posterior part
of the vertebral bodies was scanned before placement of Harrington rods and while distraction
was applied. Real-time sonography allowed monitoring of the spinal cord and the displaced
vertebral fracture. Since adequate reduction was not obtained after a Harrington rod distrac-
tion alone, manipulation of the fracture was performed using a narrow bone impactor placed
into the canal lateral to the dural margin in seven of eight cases (table 1). In these cases, in
addition to using longitudinal sonograms, the transverse sonographic plane was helpful in
locating laterally displaced fragments. Sonography was also used to check adequacy of final
bony decompression.

While complete restoration of the normal contour of the posterior aspect of the spinal canal
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TABLE 1: Summary of Patients with Thoracolumbar Burst Fractures Monitored by Intraoperative Sonography
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Fracture

Case No. m of Neurologic Intraoperative
(age, gender) Agggem Fractui):g: g:.lrgery) Deﬁ((:)itg Sono‘;aphy Surgery Follow-up
1(20, M) . . .. Motor vehicle L1 burst fracture Mild conus injury  Fracture, step- Laminectomy + No neurologic defi-
with fragment off reduced to Harrington cit
displaced 8 2 mm rods + fusion
mm into canal T10-L3
(4 days)
237, M) Motor vehicle T12 burst frac- Right leg weak- Complete reduc- Laminectomy + Improving
ture with 8 ness tion of fracture Harrington strength, right
mm displace- rods + fusion leg
ment into right T9-L2 + bone
side of canal impaction
(2 days)
3 (25, M) . ... Motor vehicle T12 burst frac- None Fracture, step- Laminectomy + Normal
ture with 10 off reduced to Harrington
mm displace- 1 mm rods + fusion
ment into T9-L2 + bone
canal + asso- impaction
ciated fracture
of lamina of
T12 (8 days)
4 (40, M) . . . . Motor vehicle L1 burst fracture None Fracture re- Laminectomy + Normal
with 10 mm duced to 2 Harrington
displacement mm rods + fusion
into the canal T10-L3 +
+ fracture of bone impac-
L1 lamina (2 tion
weeks)
5(34, M) . ... Motorcycle T12 burst frac- Incomplete L1 Fracture re- Laminectomy + Incomplete L1 par-
ture with 12 paraplegia duced to 1 Harrington aplegia (improv-
mm displace- mm rods + fusion ing)
ment into T9-L2 + bone
canal (12 hr) impaction
6 (50, F) . ... Golf cart T12 burst frac- None Complete reduc- Laminectomy + Normal
ture with 6 tion of fracture Harrington
mm displace- rods + fusion
ment to canal T9-L2 + bone
(2 weeks) impaction
7 (60, F) . ... Fall from ladder L1 burst fracture Mild conus injury Fracture, step- Laminectomy + Improving conus
with 8 mm off reduced to Harrington injury
displacement 1-2 mm rods + fusion
into canal (12 T10-L4 +
hr) bone impac-
tion
8 (28, F) . Thrown from T12 burst frac- Incomplete L1 Fracture, step- Laminectomy + Incomplete L1 par-
horse ture with 12 paraplegia off reduced to Harrington aplegia
mm displace- 2 mm rods + fusion
ment into T9-L2 + bone
canal (12 hr) impaction

was not always achieved, sonography was helpful in demonstrating
relief of cord impingement and the degree of restoration of the ventral
subarachnoid space (table 1, figs. 1 and 2). In all patients, postoper-
ative radiographs and CT scans of the veretebral column were
obtained.

Results

The vertebral canal and its contents were well demonstra-
ted on sonography in all eight cases. The fracture location
and patient data, including neurologic status and surgical
procedure, are listed in table 1. The bony fragments that
caused the compression of the vertebral canal were seen

with sonography, both before and after reduction, and during
distraction with Harrington rods (figs. 1 and 2). No other
intraoperative radiographic method was used to assess re-
duction of the vertebral canal. Follow-up radiographs and CT
scans all confirmed the intraoperative sonographic findings of
good vertebral alignment and canal decompression.

Discussion

It is commonly accepted that operative reduction and sta-
bilization of the thoracolumbar vertebral fractures can be
performed regardless of the present neurologic damage. The
rationale for this intervention is to relieve any persisting
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Fig. 1.—Case 1. A, Burst fracture of vertebral body of L1 with posterior
displacement into spinal canal (arrows). B, Intraoperative sonogram. Spinal
cord (C) with posterior aspect of dura (straight arrow) scanned through saline
water path (W). Step-off of fracture of lumbar spine (curved arrow). C, Postre-

Fig. 2.—Case 2. A, Burst fracture involving mainly right side of vertebral
body of T12 with bony displacement into spinal canal. B, Intraoperative sono-

gram. Spinal cord (C) is scanned through saline path (W) showing displaced
fracture of posterior part of T12 (arrow). C, Postreduction sonogram of same

spinal cord compression and alleviate the potential for any
future neurologic compromise by stabilizing the vertebral
column [1]. Incomplete lesions have the potential for signifi-
cant recovery, and neurologically intact patients can develop
neurologic compromise if there is late angulation deformity of
the vertebral column [7].

An unstable vertebral fracture is defined as a fracture that
has the potential to displace with time and may cause further
bony compression of the cord or the cauda equina. We believe
stabilization is beneficial in acute burst fractures in both
neurologically normal patients to prevent deterioration and in
neurologically compromised patients in the hopes of improv-
ing neurologic deficit. Reduction was attempted only in acute
fractures (less than 2 weeks old), as the ability of fracture
reduction would decrease with fractures 3-4 weeks of age
due to fracture healing and callus formation.

INTRAOPERATIVE SONOGRAPHY OF VERTEBRAL FRACTURES 789

duction intraoperative sonogram. Spinal cord, dura (arrow), and water path. In
addition to Harrington rod distraction, bone impaction was needed to cause
improvement in step-off fracture of L1.

area. Spinal cord is scanned through saline path with good reduction of fracture.
In addition to Harrington rod distraction, bone impaction was needed to cause
improvement in step-off fracture of L1.

Harrington distraction rods were used in all eight of our
cases to restore vertebral body height, maintain spinal align-
ment, and correct the kyphotic deformity. Harrington distrac-
tion alone usually does not reduce the bony fragment from
the vertebral canal in type B burst fractures. To remove the
bony fragment from the vertebral canal, it must either be
impacted posteriorly or removed anteriorly. A laminectomy
allows access for the impaction to be accomplished during
the Harrington distraction process. This eliminates a second
procedure and allows access for the monitoring of the oper-
ation with the sonographic technique described. In all eight of
these patients, decompression was obtained in this manner,
although in other previous patients at our institution, a pos-
terior or posterolateral approach was used to reduce the bony
fragment. This lateral method is less preferred since it is more
time-consuming.
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Intraoperative monitoring of vertebral fracture reductions is
often difficult, with the surgeon having to either probe or
attempt direct inspection of the anterior margins of the ver-
tebral canal. Plain films in the operating room may be inade-
quate in detailing thin displaced fractures and herniated disk
material. Intraoperative myelography has been advocated as
a method to check for reduction of spinal cord compression,
but it suffers from time delay and the potential for arachnoiditis
in the face of bloody cerebrospinal fluid [2]. It also is a one-
time demonstration of the spinal canal rather than continuous
monitoring, as can be achieved with sonography. Intraopera-
tive sonography provides for direct demonstration and moni-
toring of the posterior part of the vertebral body fracture and
its encroachment on the spinal cord [8].

While complete anatomic alignment of the dorsal part of
the vertebral body was not always obtained in our patients
(table 1), we accepted fracture step-off of 2 mm with accom-
panying relief of cord impingement and restoration of ventral
subarachnoid space. During the distraction with rods, a frag-
ment of the fractured vertebral body could potentially be
turned along its remaining fibrous attachments and cause
increased compromise of the spinal cord, especially if there
is associated partial tear of the posterior longitudinal ligament.
Since the bony anatomy is covered with the dura and its
contents, such a focal canal compromise may go unnoticed.
However, intraoperative monitoring of the spinal fracture dur-
ing distraction may be extremely useful in detecting such an
event. Operative sonography allows simultaneous demon-
stration of the reduction of the fracture fragment, is a safe
and accurate technique, and is time-efficient relative to pre-
vious methods. The procedure takes just 1 hr of the techni-
cian’s time and about 30 min of the radiologist’s time. Another
advantage of operative sonography is the potential for show-
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ing spinal abnormalities associated with trauma, such as an
intracanalicular hematoma. In the future, as smaller sono-
graphic probes become available, monitoring may be possible
through the interlaminar window. For these reasons, we
believe that intraoperative sonography provides an excellent
method for evaluation of adequacy of reduction of vertebral
burst fractures.
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