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Harrington instrumentation in unstable fractures
of thoracolumbar spines

Pibul Itiravivong*

Itiravivong P. Harrington instrumentation in unstable fractures of thoracolumbar spines.
Chula Med J 1987 Sep; 31 (9) : 691-699

Fifty-seven cases of unstable thoracolumbar spinal fracture treated by Harrington
double distraction rod technique, were reviewed to assess the efficacy of this treatment.
There were fourty-three males and fourteen females of ages ranging from fifteen to sixty
years average 31.9 years. Twenty-eight patients had no neurological involvement, while
ten incomplete and nineteen complete neurological deficit. The average deformities before
surgery were kyphosis 20.2° , scoliotic angle 4.2° and vertebral displacement 15.3%.
After Harrington instrumentation, the average corrections gained were 65% for kyphosis,
77% for scoliosis and 75% for vertebral displacement. The follow up periods were at
least 16 months. There were no deaths. Eight cases were found with hooks dislodged.
The paraplegics remained unchanged, but a few of those in the incomplete neurological
group gained some improvement.

Reprint requests : Itiravivong P. Department of Orthopaedic and Rehabilitation Medicine,
Faculty of Medicine, Chulalongkorn University, Bangkok 10500, Thailand.
Received for publications. June 16, 1987.

* Department of Orthopaedic and Rehabilitation Medicine, Faculty of Medicine, Chulalongkorn University.



d
692 vyed dndzind _ PNAINTUNYAS

Aynd andighad. nshnnzgedimdninliindiuiniosile Harrington. ywiawnsainyan

2530 NUUWU ; 31 (9) : 691 — 699

7w KA sy wiheninsegndundvinyda e Tnowwin1iodilans  Harrington &
arsqndimas nnswImkoniiGankeansnmyawrilans  Harrington 17 awnsoud lunssgndimal
< o < < <9 294 < v v < I/ & &
ninaaeurntnd tiauganimanldinavasemienln sevmgihenimun 57 51 (e 43 59

Y ' =< «, o < < ° & g gy o

nav 14 3 8rsnIN 15 0y 60 I duaaw 31.9 i ludwamiuwuinuglihe 19 swlsiwm
yavu1 2 YW 10 swleuwIuNdI uas 28 110 (NN TYavIsyYLszam Aausdan AN
Antndvawnszandundimindauiisundenuiny (kyphosis) 20.2 831 AIWAR (scoliosis) 4.2
VA1 uaziAasu (displacement) 15.3% M wHain 1 9aNYT1 urvlans Harrington a113a
un”h/mmeYﬂ 64% udhamenld 779% uasudhmundauld 75% mwumn#’aumnmsmwm
wuilnsvaurws (hook) non 8 39 il lmdesinanniseiein muaunmnuagmumm
idmiae uu e niy




i 31 M 9
RN 2530

During the past ten years, many orthopaedic
surgeons have paid much attention to the operative
management of patients with vertebral fractures.()
The recent trend towards rigid internal fixation
of fractures to allow rapid mobilization of patients
and to decrease the complications of prolonged
immobilization of joints and muscles has been
generally and almost totally accepted.(2'3) The
development of biomechanically sound instrumentation
to provide internal fixation has rapidly changed
the concept of patient management from the con-
servative approach to surgery.

Orthopaedic surgeons such as Holdsworth®
pioneered early orthopaedic interest in the mana-
gement of the unstable thoracolumbar faracture.
His classification of the stability of fractures remains
a classic in orthopaedic literature. He deviated
from the traditional approach of postural reduction
by advocating open reduction and internal fixation
with plates attached to the spinous processes of
fractured vertebrae. The purpose was to restore
the alignment of the spine and prevent further
injury to the neural elements as the patient was
being turned in bed. These patients, however, still
required three months of bed rest.

Other methods of internal fixation, other
than plate fixation as initiated by Holdsworth,
including interspinous process wiring, serrated spinous
process plates, short compression rods, springs,
circumlaminar wiring and transpedicular screws
have been avdocated to improved fixation.(5-9
However, the development and later modification
of the Harrington double-rod system by Harrington
provide the most reliable documented method, as
have been reported in many orthopaedic litera-
tures®10-14) of reestablishing normal alignment
of the spine and allowing it to heal in the most
anatomically correct position.

This is a review of fifty-seven Thai patients
with unstable thoracolumbar fractures. All these
patients were operated upon by open reduction
of fractures and internally fixed with Harrington
double-rod system. The objective of this retrospec-
tive study is to record the efficacy of this technique
of instrumentation in terms of corrective reduction
of fractures. '

Materials and Method

There were fifty-seven patients in this review,
composing of fourty-three males and fourteen
females. Their ages ranged from fifteen to sixty
years with an average of 31.9 years Nineteen patients
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had been injured in a fall, eleven had sustained
a direct blow, seventeen had been in an automobile
accident and ten in amotor-cycle accident. Associated
injuries occurred in fifteen patients, eleven of
whom had multiple associated injuries, while four
had only one additional injury associating with
the spinal fracture. Fractures of the ribs and of
the long bones of the lower extremities were the
most common associating fractures. Seven patients
had a pneumohemothorax and three, an abdominal
injury requiring laparotomy. Five patients had
cerebral concussion. Concerning the spinal fractures,
the most common site was at twelfth-first thoracic
lumbar vertebral level, with only five cases occur-
ring at the eleventh-twelfth thoracic level and another
five cases at the first-second lumbar level. All
these injuries were interpreted as unstable fractures
according to the criteria set by Holdsworth.® As
soon as their general medical condition permitted,
these patients had undergone open reduction and
had been internally fixed with Harrington double
distraction rods aimed.at two levels above and
two levels below the fractured vertebra. There
were three cases with fractures instrumented at
three levels above and three levels below. The
operations were performed mainly by the author
with one-fourth of all cases by two other surgeons,
employing the same techique. The follow-up periods
were from one to two years. The malalignments
of the injured spinal column, created by fractured
vertebrae, were measured in terms of degrees of
kyphosis, degrees of scoliotic deviation and percentage
of vertebral displacement, before and after Har-
rington instrumentation and also at the end of
the follow up period.

Operative Technique®:1%:12

Two distraction rods, one on each side,
were used for spinal instrumentation in all cases,
but posterior fusion was performed in only half
of the series, inwhich the bone graft was taken
from the iliac crest. The incision over the spine
was made so that the vertebrae bordering two
interspaces above and two below the fractured
interspace could be exposed. The area of the frac-
ture was dissected with great care.

Two superior distraction hooks were placed
under the inferior articular processes of the superior
vertebra two interspaces above the fracture level.
Two inferior hooks were placed on the inferior
lamina at the second interspace below the fracture.
For example, when there was a fracture at the
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first lumbar vertebra with anterior displacement
of the twelfth thoracic vertebra, the superior hooks
were placed on the tenth thoracic and inferior
hooks, on the third lumbar vertebrae. Two intact
vertebrae above and two below the fracture had
to be spanned to provide a lever arm long enough
to reduce the fracture and to maintain the reduction.

After the hooks were in place, an outrigger,
used only initially in the series, was engaged with
the hooks on one side of the vertebral column
and tightened. The resulting distraction restored
the fractured segment to a better alignment and
provided partial reduction. The first distraction
rod was then inserted into the hooks on the op-
posite side, and just enough distraction was applied
to attain reduction. Posterior fusion was performed
on the side where the outrigger was in place.
Usually fusion was limited to the area, only across
the fractured site. Once the fusion was complete
on this side, the outrigger was removed and the
second distraction rod was inserted in its place.
Distraction was applied until the hooks were firmly
implanted. With the second in place, the first rod
was removed. Fusion was performed on this side

FIGURE 1 ANGLE OF KYPHOSIS
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and the rod was reinserted. A C-washer was usually
applied on the ratchet just below the superior hook
on each rod to prevent the hook from moving
down the ratchet as the patient was mobilized.

However, in the latter cases of the series,
the outrigger was not used, experience showed that
the distraction could be directly applied at the
distraction rods, once they are in place. In this
way, there was no need for the removal and rein-
sertion of the first rod, and posterolateral fusion
could be carried out without difficulty while the
procedure was shortened. Postoperatively, the patient
was intructed to wear a cast or brace in order
to facilitate sitting or walking, if he had enough
muscle strength.

Results

A method for measuring the kyphotic and
scoliotic deformities as well as the amount of
displacement was developed to enable quantification
of the deformities of the spine. (Fig. 1,2,3) (Fig.
4,5,6,7)

FIGURE 2 VERTEBRAL DISPLACEMENT
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FIGURE 3 SCOLIOTIC DEVIATION.

FIGURE 5 LATERAL VIEW SHOWING MAR-
KED DISPLACEMENT OF UNSTA-
BLE FRACTURE AT TI12-L1

FIGURE 4 A-P X-RAYS SHOWING UNSTABLE
FRACTURE AT TI12-L1



) d Aa a - 4
696 Wiay oMNBICINA

FIGURE 6 A-P VIEW SHOWING UNSTABLE
FRACTURE TI12-L1 FIXED WITH
HARRINGTON RODS.

This measurement provided a baseline for
the evaluation of reduction. Pre-operatively, the
average measurement of kyphotic angle was 20.2
degrees, ranging from 10 degrees to 40 degrees,
while immediately after surgery, the average mea-
surement after correction was 7 degrees. This meant
that Harrington instrumentation achieved 65 per
cent of correction for kyphotic deformity. Con-
cerning vertebral displacement, pre-operatively the
average measurement was 15.3 per cent, ranging
from zero to eighty per cent, and post-operatively,
the average measurement was 3.8 per cent. This
was interpreted as 75 per cent correction for ver-
tebral displacement, provided by the double rod
system. Considering the scoliotic deformity caused
by the deviation of the fractured vertebral column,
pre-operatively the average measurement was 4.2

PNAINTNFAS

FIGURE 7 LATERAL VIEW SHOWING HAR-
RINGTON ROD FIXATION IN UN-
STABLE FRACTURE TI12-L1.

degrees, ranging from zero to 18 degrees while
postoperatively the average measurement was 1.0
degree. This showed that 77 per cent of correction
for scoliotic deviation was obtained by this proce-
dure. Summation of the results is displayed in
Table I.

In this series, the author has no intention
of giving detailed results of the neural involvements
as this will be presented in the other report. Howe-
ver, it could be briefly stated that of the nineteen
patients who had complete neurological involvement
after injury, none gained any significant improve-
ment from this operative technique. Two patients,
out of ten, who sustained incomplete neurological
deficit after injury showed an improvement of one
and two grades, according to Frankel’s classifica-
tion,1%) after Harrington instrumentation.
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Table I Reduction of deformities.
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Deformities Pre Post Amount of
operative operative correction
Kyphotic angle 20.2° 7.0° 65%
Vertebral displacement 15.3% 3.8% 75%
Scoliotic deviation 4.2° 1.0° 77%

Complications

There were fifteen patients with complica-
tions relating to the operation : incorrect placement
of instruments, hook displacement and infection.
The error in placing the instrument was often
that the rod spanned an insufficient number of
vertebrae. In four patients, the span above the
fractured interspace was one segment short and
in two patients, the span below, was one segment
short. Hook displacements were found in eight
patients, five at the upper hooks and three at the
lower. Deep infection developed immediately after
operation, was found in one patient and was
cleared in a few weeks by cleansing, debridement
and appropriate antibiotics.

Discussion

Open reduction with internal fixation of
unstable fractures of the thoracolumbar spine has
the following advantages.® 914 16) (1) reduction
and maintenance of alignment; (2) restoration of
stability to promote healing and prevent further
increased neurologic loss; (3) prevention of late
deformity ; and (4) early mobilization.

Harrington double-rod instrumentation is
an effective means of achieving these goals. In
our series, 65 per cent correction of kyphotic
deformity, 75 per cent correction of vertebral
displacement and 77 per cent correction of scoliotic
deviation were obtained. These figures are com-
parable to ninety five patient-series of Dickson
et al!® who reported 65 per cent correction of
kyphotic deformity and 78 per cent correction of
vertebral displacement. However, the lesser. degrees
of correction of angular or kyphotic deformity
were reported by Gertzebein et al,(!”) Flesch et
al,D and Yosipovitch et al!® who documented
58 per cent, 47 per cent and 46 per cent of cor-
rection respectively.

As already mentioned, early mobilization
is one of the resons for doing open reduction and
internal fixation of the unstable thoracolumbar
spine fractures. Once the patient is mobilized, stress
and strain will concentrate on the Harrington rods
with flexion, lateral and rotational loadings.(3'7’18’l9)
That is why there are complications relating to
this kind of instrumentation. In our series, aside
from the technical errors, there were 8 cases (14
per cent) of hook displacement, occurring mainly
at the upper hooks. This incidence also happened
in the series of Dickson et al!® who reported 6
per cent hook dislodgement and also 6 per cent
broken rods. A report of critical analysis of de-
ficiencies of the Harrington intrumentation technique
by Gertzbein et all? also revealed 28 per cent
slippage of the upper hooks down the rods.

On evaluation at the end of follow up
periods in most reports, many authors(10-14, 16-19)
recognized the loss of initial correction of the
angular deformity. Dickson et al(lo), Fresh et allD
and Gertzbein et al!? reported an average loss
of about five percent of final correction in their
series. The same figure was also noted in many
cases of this series.

Considering the above figures of the efficacy
of reduction and complications, it seems that the
Harrington instrumentation system does not provide
the rigid internal fixation it is assumed and expected
to have. The Harrington distraction rods were
initially designed to counteract forces of vertical
loading.(s'lo’”) When used for fractures, they act
as an internal splint but are required to counteract
forces of bending and tension, forces which they
are not as capable of resisting. Perfect reduction
could not be obtained in most cases of the series
and instrumentation failure rates were relatively
high.

What are the wayout now, for the Har-
rington distraction rod system to overcome instru-
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mentation failures, to gain better correction and
to maintain reduction. If one is to carry on with
this Harrington instrumentation, one must really
be strict with the technique.(s'lo’l1’12'17) Attention
to detail, particularly in securing the hook on the
rod at the upper end, is very important. The C-clamp
or washer or wire must abut adjacent to the hook.
If there is a space, the hooks can migrate down
the rod resulting in loss of fixation and reduction.
A second technical problem is lateral placement
of the upper hooks. When the facet joints are
being prepared, destruction of the capsular ligaments
may result in lateral migration of the hooks with
loss of contact and failure of the fixation deveic.
Whenever possible, the upper hooks should be
seated under the lamina, not between the facets.
If too much bone is removed the lamina sup-
porting the lower hooks may fracture. By taking
most of the bone from the lamina above, this
complication can be averted.
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