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Abstract Correction of adolescent idiopathic scoliosis

(AIS) has been reported with various systems. All-screw

constructs are currently the most popular, but they have

been associated with a significant decrease in thoracic

kyphosis, with a potential risk of junctional kyphosis, not

observed with hybrid constructs in the literature. In addi-

tion, it is important to weigh potential advantages of

pedicle screw fixation against risks specific to its use.

Because hybrid constructs are associated with a lower risk

of complications and better sagittal correction than all-

screw constructs, at present we use lumbar pedicle screws

combined with a new sublaminar connection to the spine

(Universal Clamps) at thoracic levels. The purpose of this

study was to determine the efficacy and safety of the

Universal Clamp (UC) posteromedial translation technique

for correction of AIS. Seventy-five consecutive patients

underwent posterior spinal fusion and hybrid instrumenta-

tion for progressive AIS. Correction was performed at the

thoracic level using posteromedial translation. At the

lumbar level, correction was performed using in situ con-

touring and compression/distractions maneuvers. A

minimum 2-year follow-up was required. Medical data and

radiographs were prospectively analyzed and compared

using a paired t test. The average age at surgery was

15 years and 4 months (±19 months). The average number

of levels fused was 12 ± 1.6. The mean follow-up was

30 ± 5 months. The average preoperative Cobb angle of

the major curve was 60� ± 20�. The immediate postoper-

ative major curve correction averaged 66 ± 13%. The

average loss of correction of the major curve between the

early postoperative assessment and latest follow-up was

3.5� ± 1.4�. The mean Cincinnati correction index was

1.7 ± 0.8 postoperatively, and 1.57 ± 1 at last follow up.

The mean rotation of the apical vertebra was corrected

from 23.3� ± 9� preoperatively to 7.3� ± 5� at last follow

up (69% improvement, P \ 0.0001). In the sagittal plane,

the mean thoracic kyphosis improved from 23.8� ± 14.2�
preoperatively to 32.3� ± 7.3� at last follow up. For the 68

patients who had a normokyphotic or a hypokyphotic

sagittal modifier, thoracic kyphosis increased from 20.5� ±

9.9� to 31.8� ± 7.4�, corresponding to a mean kyphosis

correction of 55% at last follow up. No intraoperative

complication occurred and none of the patients developed

proximal junctional kyphosis during the follow up. The

principal limitation of the UC technique was the rate of

proximal posterior prominence (14.6%), leading us to

recommend the use of conventional claws at the upper

extremity of the construct. The technique was safe, and

reduced operative time, radiation exposure, and blood loss.

While achieving correction of deformity in the coronal and

axial planes equivalent to the best reported results of all-

screw or previous hybrid constructs, the UC hybrid tech-

nique appears to provide superior correction in the sagittal

plane. The excellent outcome in all three planes was

maintained at 2 year follow up.
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Introduction

The aim of surgical correction of adolescent idiopathic

scoliosis (AIS) is to prevent curve progression by achieving
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strong spinal stabilization that leads to solid fusion with

consistently low complication rates. As stressed by Winter

et al. 40], we believe that it is important to consider not

only frontal correction, but sagittal correction as well. The

procedure should restore trunk height, while restoring

sagittal and frontal balance to avoid the progression of the

curves in the remaining nonfused spine. In particular,

restoring sufficient thoracic kyphosis should reduce the risk

of progressive junctional kyphosis at both extremities of

the fused spine [40].

Correction of AIS has been reported with various sys-

tems. Since their description in 1995 by Suk et al. [32],

thoracic pedicle screws have been widely used in the

treatment of scoliosis, combined with hooks in hybrid

constructs or used alone in all-screw constructs. However,

all-screw constructs have been associated with a significant

decrease in thoracic kyphosis, a decrease not observed with

hybrid constructs in matched patients [20]. In a comparison

of three types of constructs, Vora et al. [37] also reported

that thoracic pedicle screws failed to enhance correction of

Lenke 1 AIS, and that they had a lordosing effect on the

thoracic spine.

Several studies have shown improved curve correction

with screw-only and hybrid constructs as compared to hook

constructs. Kim et al. [13] reported that all-screw con-

structs provided significantly better curve correction than

all-hook constructs and improved pulmonary function

values. Similarly, lumbar pedicle screws have been found

to offer greater lumbar curve correction and better main-

tenance of correction than hook constructs [2]. To date, few

authors have compared all-screw constructs with hybrid

constructs [14]. Lowenstein et al. [20] observed a trend

toward better correction of the main thoracic curve in all-

screw versus hybrid hook-screw instrumentation but this

trend was not significant.

In addition, it is important to weigh potential advantages

of pedicle screw fixation against risks specific to its use.

Upendra et al. [35] recently reported a 10% pedicle screw

misplacement rate in scoliosis patients using an outcome-

based classification. Potential complications of thoracic

pedicle screw use include neurologic lesions, vascular

injury, pleural tear, and increased radiation exposure dur-

ing screw placement.

Because hybrid constructs are associated with a lower

risk of complications and better sagittal correction; we

consider constructs combining pedicle screw fixation with

hooks or sublaminar wiring as the ‘‘gold standard’’ for

treatment of AIS.

Posterior translational correction and fusion using

hybrid instrumentation with sublaminar metal wire is

known to achieve excellent curve correction, but spinal

cord injuries and section of the lamina during deformity

reduction have been reported with the use of metal wires or

cables [34]. In 2003, we developed a novel sublaminar

thoracic implant (the Universal Clamp, Abbott Spine,

Bordeaux, France) that combines the initial stability of

pedicle screws with the straightforwardness and correcting

potential of Luque wiring, but with an increased surface of

bony contact allowing higher reduction forces. Since 2004,

in our spine unit, we have used hybrid constructs associ-

ating lumbar pedicle screws and Universal Clamps (UC) at

thoracic levels.

The purpose of the present prospective study was to

determine the efficacy and safety of the Universal Clamp

posteromedial translation technique for correction of AIS.

Materials and methods

Implant description

The Universal Clamp is a novel implant used in place of

sublaminar wiring, pedicle screws, or hooks to bind ver-

tebrae to fusion rods in spinal osteosynthesis. The UC

consists of three components, a woven polyester band

(Dacron), a titanium alloy (or stainless steel) clamp, and a

locking screw (Ti alloy or stainless steel) (Fig. 1).

The UC technique is similar to the Luque technique, but

sublaminar polyester bands are used instead of sublaminar

wiring. The surface area of contact between the polyester

band and lamina is larger than that between wiring or

cables and the lamina permitting application of greater

spinal deformity reduction forces without laminar fracture.

The deformity reducing forces are applied progressively,

Fig. 1 The Universal Clamp
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step-wise at one or more spinal segments with a reduction

tool that is activated in the same simple manner as a ron-

geur. The clamp connects the sublaminar band to the rod.

The strength of the band-rod connection is equivalent to

screw-rod or hook-rod connections permitting conventional

deformity correction maneuvers including translation,

compression/distraction, and in situ bending.

The UC polyester band contains a malleable metallic

insert at one end to facilitate sublaminar insertion and two

metallic buckles at the other end. The surgeon gives the

malleable end of the band a hook shape and inserts the soft

polyester tip around the lamina between the bone and the

dura and recovers the tip at the opposite side of the lamina

with a small forceps. This maneuver requires experience in

sublaminar wiring and is the most challenging part of the

learning curve, which was not included in the current

study.

The tip of the band is then threaded through the clamp

next to the other end of the band. The free tip of the band is

passed through the two buckles on the other end of the

band. Then the free tip is passed over one buckle and back

through the second buckle so that the band now forms an

adjustable loop for the reduction tool. The buckles main-

tain the loop strongly, preventing any slippage of the band

when traction is applied to the loop. Nevertheless, the

buckles permit easy adjustment of the loop’s length.

Once all Universal Clamp implants are placed along the

spine and the prebent double-rod frame has been anchored

to pedicle screws at the distal end of the construct, each UC

is placed on the appropriate rod. The upper jaw of the

clamp is closed over the rod.

The locking screw is loosely inserted to leave the band

free to permit traction of the vertebrae toward the rod with

the reduction tool (Figs. 2, 3). After any reduction

maneuvers and once optimal band tension has been

obtained, the clamp is locked onto the rod with the screw.

The loop of band is removed from the reduction instrument

and the excess band strands (including the malleable insert

and the metal buckles) are cut and removed.

Polyester bands (polyethylene terephthalate, also known

by the trade names Dacron and Trevira) have been exten-

sively used over the last 30 years in orthopaedic surgery

[15, 16, 31] and cardiovascular surgery [28] and its bio-

compatibility characteristics are well documented [15, 29].

The choice of this polyester band was based on its intrinsic

strength to failure (strength to failure C1,400 N) and its

low creep under static load (1.3% creep after 78 h under a

static load of 300 N).

Pre-clinical mechanical tests

One of the initial concerns related to the design of this

implant was that the insertion of a polyester band at the

metallic interfaces of the clamp might interfere with

the clamping capacity of the jaw onto the rod. This was not

the case.

In addition, pre-clinical tests were performed in order to

assess the ability of the implant to sustain the mechanical

loads produced by both the reduction maneuvers and the

long-term daily life activities of the patient. Table 1 pro-

vides the main results of the tests performed in independent

certified laboratories.
Fig. 2 The adjustable loop for the reduction tool after sublaminar

placement of the band

Fig. 3 Universal Clamp-mediated traction of a vertebra toward the

rod with the reduction tool

160 Eur Spine J (2009) 18:158–169

123



Patients

Following institutional review board approval, data were

prospectively collected in all patients with operative AIS in

a single spinal unit. The patients operated between January

2004 and January 2006 were evaluated preoperatively, in

the early postoperative period, 6 months and 1 year post-

operatively, and at last follow up. The 15 first patients

operated, considered as part of the learning curve of the

technique, were not included. None of the patients had

prior spinal surgery.

Operative procedures

All patients underwent posterior spinal fusion and instru-

mentation. During the posterior procedures, spinal cord

function was monitored by means of somatosensory/motor-

evoked potentials. Autotransfusion was performed with

blood collected both preoperatively and intraoperatively.

Thoracic levels were instrumented with 3–7 (average,

5) sublaminar UC on the concave side and 1 sublaminar

UC at the apex on the convex side. In all cases, pedicle

screws were placed in two or more vertebrae at the distal

extremity of the curve, where monoaxial screws were

used on the convex side and polyaxial screws on the

concave side. The vertebra at the proximal extremity of

the curve was always instrumented either with UCs or

conventional hook-claws. Correction was performed at

the thoracic level using posteromedial translation and

traction or compression as appropriate to level both the

proximal vertebra and the distal vertebra. At the lumbar

level, correction was performed using in situ contouring

and compression/distractions maneuvers.

When the reducibility on preoperative traction radiograph

and supine bending films was less than 50% or thoracic ky-

phosis was less than 5�, anterior thoracoscopic release was

performed first. The anterior release procedure included the

apex of the deformity as well as the two discs above and two

discs below the apex vertebra. No anterior bone graft was

applied. Thoracoplasty was performed in patients with

greater than 15� preoperative rib prominence on a scoliom-

eter when the patient and/or caregiver expressed concern

over the prominence of the rib hump deformity.

Radiographic measurements

Measurements were made on 36-in. long-cassette antero-

posterior and lateral radiographs of the spine with the

patient standing. All films were digitized then analyzed by

the same investigator using the previously validated

SpineBalance (Surgiview, Paris, France) software [26].

Radiographic analysis included Cobb angle measurements

of the major and minor curves on the preoperative and

early postoperative (within 3 months) radiographs, and at

latest follow up. Curve flexibility was determined on the

preoperative supine side bending films. Further parameters

measured in the coronal plane were T1 tilt angle (angle

between a horizontal line and the upper endplate of T1, the

value of which is positive when the endplate leans to the

right), shoulder balance (angle between the tangent to the

Table 1 Results of preclinical

tests
Type of test Results Mode of failure

Rotational grip test (static) Torque to failure

4.4 ± 0.4 Nm

Sliding of the clamp

Axial grip test (static) Stength to failure

1,400 ± 180 N

Sliding of the clamp

Tension test (startic) Strength to failure

830 ± 70 N

Sliding or rupture of the

band

Tension test (dynamic–

5 9 106 cycles)

Run-out value 270 N At higher load: sliding of

the band within the

clamp

ASTM F-1717 corpectomy

test for hooks. (dynamic

-5.106 cycles)

Run out value 315 N At higher load: failure of

the band
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superior edge of the clavicles and a horizontal line, the

value of which is positive in patients whose left shoulder is

higher than the right) and rotation at the apical vertebra

according to Perdriolle [24, 38]. Global coronal balance

was measured as the distance between the center of T1 and

the center sacral vertical line (CSVL).

On lateral radiographs, overall sagittal balance was

appreciated by measuring the T9 sagittal offset, i.e., the

angle between a vertical line and the line between the

center of the vertebral body of T9 and the center of the

bicoxofemoral axis (Fig. 4). The values of T9 sagittal

offset are negative when the angle opens on the posterior

side of the T9 plumbline [36]. Thoracic kyphosis was

measured from the upper endplate of T5 to the lower

endplate of T12, and the lumbar lordosis was measured

from the lower endplate of T12 to the upper endplate of S1.

As described by Vora et al. [37], the following ratios

were determined:

Preoperative flexibility ðPFÞ ð%Þ
¼ ½ðpreoperative erect Cobb angle

� supine bending Cobb angleÞ=
preoperative erect Cobb angle� � 100

Postoperative correction ðPOC)ð%Þ
¼ ½ðpreoperative erect Cobb angle

� postoperative erect Cobb angleÞ=
preoperative erect Cobb angle� � 100

Cincinnati correction index ðCCI)

¼ postoperative correction ðPOCÞ%=
preoperative flexibility ðPFÞ%

Kyphosis correction (KC)%

¼ ½ðpostoperative kyphosis� preoperative kyphosisÞ=
preoperative kyphosis� � 100

Statistical analysis

Paired-sample t tests were used to analyze differences

between preoperative curves and postoperative curves. All

statistical tests were two-tailed, and a P value \0.05 was

considered to be significant. All statistical analyses were

conducted using SPSS version 12.0 (SPSS Inc., Chicago,

IL, USA).

Results

Demographic data and curve classification

Seventy-five patients with at least 2 years of postoperative

follow-up were included. There were 59 female (79%) and

16 male (21%) patients. The average age at surgery was

15 years and 4 months (±19 months). According to the

surgical classification of AIS by the Lenke et al. [19] system,

there were 36 patients with Type 1 AIS (main thoracic, 48%),

23 with Type 2 (double thoracic, 30.5%), 6 with Type 3

(double major, 8%), 9 with Type 4 (triple major, 12%), and 1

with Type 6 (major thoracolumbar/lumbar and minor

thoracic structural, 1.5%). Of the patients, 58 had a nor-

mokyphotic sagittal modifier (T5–T12, -10� to -40�), 7 had

a hyperkyphotic sagittal modifier (T5–T12 [40�), and 10

had a hypokyphotic sagittal modifier (T5–T12 \10�).

Anterior release was performed in 23 patients (30.6%).

The average number of levels fused was 12 ± 1.6. Mean

follow-up was 30 ± 5 months.

Coronal and axial plane correction

The average preoperative Cobb angle of the major curve

was 60� ± 20�. The mean flexibility of the major curveFig. 4 T9 sagittal offset

162 Eur Spine J (2009) 18:158–169

123



was 42 ± 13%. Immediate postoperative major curve

correction averaged 66 ± 13% (Fig. 5). The reduction of

the Cobb angle was significant (P \ 0.0001). The average

loss of correction of the major curve between the early

postoperative assessment and latest follow-up was

3.5� ± 1.4�. No pseudarthrosis was noted. Coronal plane

changes of the upper thoracic, main thoracic and lumbar

curves are reported in Table 2.

The mean Cincinnati correction index was 1.7 ± 0.8

postoperatively, and 1.57 ± 1 at last follow up. Changes

between preoperative and latest follow-up measurements

for T1 tilt, shoulder tilt and global coronal balance are

shown in Table 3.

The mean rotation of the apical vertebra was corrected

from 23.3� ± 9� preoperatively to 7.3� ± 5� at last follow-

up (69% improvement, P \ 0.0001). Thoracoplasty was

performed in 23 patients (30.6%).

Sagittal plane correction

As shown in Table 4, the mean thoracic kyphosis, which

was 23.8� ± 14.2� preoperatively, was 32.3� ± 7.3� at last

Fig. 5 Anteroposterior

radiographs, preoperative and at

30 months postoperative, of a

girl with Lenke type 2 scoliosis,

operated at the age of 15 years.

Six sublaminar UCs were used

to instrument the concavity of

the main thoracic curve. The

posteromedial translation

technique achieved a 65%

correction of the major curve

Table 2 Changes between

preoperative and latest follow-

up Cobb angles of the curves

(N = 75)

SD standard deviation

Preoperative

assessment

(mean ± SD)

Latest follow-up assessment

(mean ± SD) (correction %)

Cincinnati

correction index

(mean ± SD)

P

Upper thoracic curve (�) 29.1 (±15.5) 18.8 (±11) (36%) \0.0001

Main thoracic curve (�) 60 (±20) 22.3 (±10.7) (63%) 1.57 (±1) \0.0001

Lumbar curve (�) 38 (±13.7) 10.5 (±7.7) (72%) \0.0001
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follow up (P \ 0.0001). The changes in thoracic kyphosis

according to the preoperative sagittal modifier are detailed

in Table 5. For the 68 patients who had a normokyphotic

or a hypokyphotic sagittal modifier, thoracic kyphosis

increased from 20.5� ± 9.9� to 31.8� ± 7.4�, correspond-

ing to a mean kyphosis correction of 55% at last follow up

(Fig. 6). Among the seven patients with a hyperkyphotic

sagittal modifier, the mean decrease in thoracic kyphosis

was 17.7� ± 9�. Changes between preoperative and last

follow-up measurements of lumbar lordosis and T9 sagittal

offset are also shown in Table 4. Neither of these param-

eters was changed significantly.

Blood loss, operation time

The average operative time was 235 ± 35 min. Intraop-

erative blood loss was 840 ± 105 ml.

Complications

Intraoperative complications

No intraoperative complication occurred. In particular, no

significant change in the monitored somatosensory/motor-

evoked potentials was recorded during insertion of the UC

sublaminar band. Furthermore, there was no modification

of the monitored potentials and no lamina or UC broke

during the posteromedial translation technique used for

curve reduction.

Postoperative complications

One patient developed a transient superior mesenteric

artery syndrome. She was treated with nasogastric

decompression with no further sequela. There was no

transient or permanent dysesthesia, paresthesia, or para-

plegia. There were two cases of deep wound infection,

treated by surgical debridement and antibiotherapy. None

of the patients exhibited a clinically significant loss of the

major curve correction during the follow up. However,

posterior prominence of the proximal extremity of the

instrumentation was observed in 11 patients (14.6%)

associated with a mean loss of correction of 4� ± 1� in the

proximal thoracic curve (Fig. 7). Of these 11 patients, 5

(7%) experienced disabling pain. All these 11 patients had

their surgery during our first year of experience with the

UC. None of the patients developed proximal junctional

kyphosis.

Discussion

Correction of AIS has been reported with various systems

over the last four decades, and the gold standard against

which all systems have been measured has recently varied.

The percent Cobb angle correction on anteroposterior

radiographs has improved from roughly 40% achieved with

Harrington rods, then around 55% with dual-rod multihook

systems, to the current correction in the neighborhood of

65% obtained with dual-rod multiple pedicle screw con-

structs. Winter et al. [40] recently questioned what they

qualified as an overzealous focus on the percent of frontal

scoliosis correction at this time, asking whether a few more

degrees of correction justified a construct that costs twice

as much as a simple hook system and that increases the risk

of damage to the spinal cord and aorta. We agree that there

Table 3 Changes between preoperative and latest follow-up coronal

and axial parameters (N = 75)

Outcome

measure

Preoperative

assessment

(mean ± SD)

Latest follow-up

assessment

(mean ± SD)

P

Coronal balance

(T1 shift) (mm)

17.6 (±13.2) 13 (±11.5) 0.19

T1 tilt angle (�) 7.3 (±8) 3.7 (±2.6) 0.04

Shoulder balance (�) 3 (±2.6) 2.7 (±2.5) 0.63

Apical rotation (�) 23.3 (±8.8) 7.3 (±5.5) \0.0001

SD standard deviation

Table 4 Changes between preoperative and latest follow-up sagittal

parameters (N = 75)

Outcome

measure

Preoperative

assessment

(mean ± SD)

Latest follow-up

assessment

(mean ± SD)

P

Thoracic kyphosis (�) 23.8 (±14.2) 32.3 (±7.3) \0.0001

Lumbar lordosis (�) 46.5 (±14) 49.6 (±10.7) 0.091

T9 sagittal offset (�) -7 (±5.7) -7.8 (±4.8) 0.21

SD standard deviation

Table 5 Thoracic kyphosis correction according to the preoperative

sagittal modifier (N = 75)

Preoperative

(mean ± SD)

Postoperative

(mean ± SD)

Latest follow up

(mean ± SD)

Hypokyphosis

(T5–T12 \10�)

N = 10

4.7� ± 3.8 29.4� ± 8.3

P \ 0.0001

30.6� ± 6.6

P \ 0.0001

Normokyphosis

(T5–T12, -10�
to -40�)

N = 58

23.2� ± 7.8 29.7� ± 7.5

P \ 0.0001

32� ± 7.5

P \ 0.0001

Hyperkyphosis

(T5–T12 [40�)

N = 7

55.6� ± 9.2 36.4� ± 5.3

P = 0.0001

37.1� ± 4.9

P = 0.001

SD standard deviation

164 Eur Spine J (2009) 18:158–169

123



is overemphasis on achieving a few supplemental degrees

of frontal correction and insufficient emphasis on the

postoperative sagittal status of the spine. Since 2004, the

present implant meets these specifications, achieving

proper sagittal balance (55% of mean kyphosis correction)

without sacrifice of correction in the frontal plane.

Coronal plane

In the frontal plane, the early Harrington system maintained a

28–30% mean average correction after 20 years of follow up

[7]. Subsequent modifications in the Harrington technique

achieved an average range of correction from 30 to 60% with

a follow-up period of 48 months [39]. In 1982, Luque

described his sublaminar wiring technique with which he

reported 72% average final correction with 18 months fol-

low up [21]. However, no long-term follow-up data were

ever reported. The next major advance was the introduction

in 1984 of Cotrel–Dubousset instrumentation [6]. This

technique was the first posterior segmental instrumentation,

using a dual-rod multiple-hook system placed on the laminae

or pedicles. It obviated the need for postoperative external

support and achieved a 46 to 57% average final correction

after an average follow-up period of 35 months [9]. Burton

et al. [4] even reported a 69% correction 40 months post-

operatively in 102 patients with AIS treated with a CD-like

instrumentation technique (Isola) described by Asher [1].

Under the impetus of recent work by orthopaedic sur-

geons at Inje University in Seoul [18, 33] and at

Washington University in St Louis [3, 8, 14], the use of

pedicle screws for the correction of AIS has progressed.

All-pedicle screw systems achieve corrections as high as

65%, but are more expensive and appear to increase neu-

rological and vascular risks with respect to hybrid

constructs [40]. The rates of misplaced screws reach 10%

in the hands of the best spine surgeons, largely due to the

vertebral dystrophy observed in the concavity of scoliosis

[35]. In a retrospective series reported by Senaran et al.

[30] a hook replaced a planned pedicle screw that could not

be safely inserted in 18% of the patients, primarily due to

Fig. 6 Lateral radiographs, preoperative and at latest follow-up

(26 months), of a girl with a Lenke type 1 curve, operated at the age

of 16 years. Five sublaminar UCs were used to instrument the main

thoracic curve. The thoracic kyphosis was 14� preoperatively, and

was improved to 40� after the procedure

Fig. 7 Lateral radiographs, immediate postoperative and before the

revision at 12 months postoperative, of a boy who had Lenke type 2

scoliosis, operated at 17 years of age. The thoracic kyphosis measured

10� preoperatively, and was corrected to 31� postoperatively. At

12 months postoperative, the patient presented neck pain and a

cosmetic problem due to posterior prominence of the construct. A

revision surgical procedure was performed
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sclerotic, narrow pedicles with moderate rotation. In

addition, results of comparative studies between all-screw

systems and hybrid instrumentation remain controversial.

Cheng et al. [5] recently compared a group with apical

sublaminar wires and a group with thoracic pedicle screws,

and found no significant difference regarding correction or

fusion rate. These authors emphasized the safety and effi-

cacy of the posteromedial translation technique used for

reduction. Kim et al. [14] observed no difference in

improvement of functional vital capacity between all-screw

constructs and hybrid constructs.

Since pedicle screws have been shown to achieve better

correction, translation, and horizontalization of the lumbar

spine when compared with all-hook systems [10], we

decided to use hybrid constructs with four to six pedicle

screws in the lumbar extremity and UCs in the thoracic

spine. In the lumbar spine, monoaxial screws were used on

the side of the convexity in order to reduce the deformity

and restore lordosis, while polyaxial screws were used on

the side of the concavity to facilitate introduction of the rod

on that side [17].

At thoracic levels, several sublaminar UCs were used on

the concave side, and one UC was used at the apex on the

convex side. The procedure always began by insertion of

the pedicle screws in the lumbar spine, aiming to end the

instrumentation at a stable and neutral vertebra. When the

lower instrumented vertebra was horizontal and centered

over the sacrum, the rods were locked on the pedicle screw

base. During the second step of the reduction, two UCs

were bound to the proximal instrumented vertebra, bilateral

distraction was applied in order to lengthen the spine, and

the proximal level was locked onto the rods. After

obtaining these two fixed ending points (upper and lower

instrumented vertebra), the main curve reduction was

achieved by the progressive tightening of the concave UCs

(three points bending), producing posteromedial translation

of the spine toward the rods, which had been prebent in the

sagittal plane.

The technique achieved a mean reduction of 66% (range

41–95%) in the frontal plane, which is equivalent to the

best results published in the literature. It was safe since no

modification of the potentials was recorded intraopera-

tively. As noted by Vora et al. [37] the only method to truly

evaluate and compare the corrective ability of an implant is

to take into account the flexibility of the scoliosis. They

recommended using the Cincinnati correction index (CCI)

to express the correction as a ratio of the preoperative

flexibility. In the current series, immediate postoperative

and latest follow-up CCI were, respectively, 1.7 and 1.57,

better than CCI previously reported with all-screw con-

structs and confirming the efficacy of our technique [37].

These results are probably due to the increased surface of

bony contact with the UC compared to previous sublaminar

implants, thus reducing the stress on the bone and allowing

increased reduction forces.

In addition, we avoided overcorrecting the major curve

depending on the reducibility of the compensatory curves,

and obtained a balanced fusion with the shoulders and T1

remaining level at latest follow up (Table 3).

The number of levels fused was relatively high in this

study with respect to recent trends. This is explained by the

fact that we avoid stopping the instrumentation at the

thoracolumbar junction and we avoid performing selective

thoracic fusion. These guidelines might result in a stiffer

back, but it is our opinion that restoring physiological

spinal balance in both the sagittal and frontal planes is the

best guarantee against adjacent segment degeneration, even

if a few more levels need to be included in the fusion.

The UC technique provided good rotational correction,

with 69% improvement at the apical level. However, even

though optimal ‘‘derotation’’ was achieved by translation to

the rods, the vertical dystrophic ribs that had developed in

the convexity in many patients led to a residual rib hump

after the correction, prompting us to perform thoracoplasty

in 23 patients. These findings are consistent with those of

Hullin et al. [11], who reported no rib hump improvement

in 68% of their patients with idiopathic scoliosis treated by

segmental sublaminar wiring, and worsening or improve-

ment of the rib hump in 17 and 15%, respectively.

Sagittal plane

Suk et al. [32] reported in 1995 that pedicle screw con-

structs gave a better correction of the (sagittal)

hypokyphosis associated with the coronal deformity.

However, Vora et al. [37] recently concluded from their

multicenter comparative study that, contrary to popular

belief, pedicle screw constructs further lordosed the tho-

racic spine. The latter authors reported 8% kyphosis

correction in the hybrid group (combining pedicle screws

and sublaminar wires) and a 42% loss of kyphosis in the

all-screw group. Insufficient correction of thoracic kypho-

sis has been previously associated with an increased risk of

proximal junctional kyphosis [12]. This can be explained

by the anteroposterior force applied to introduce the rods in

thoracic screws and the fact that kyphosing maneuvers at

thoracic levels apply pull-out forces on the screws posi-

tioned at the apex of the deformity. The deformity

reduction technique used with the UC, progressively

translating the spine toward the rods prebent in the sagittal

plane and linked with rigid transverse connectors,

increased thoracic kyphosis by 11.2� in preoperatively

normokyphotic or hypokyphotic patients (55% kyphosis

correction). To the best of our knowledge, these results are

higher than any previously reported in the literature for

sagittal thoracic correction. Only seven of our patients had
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more than 40� of thoracic kyphosis preoperatively. In these

patients as well, the technique corrected thoracic kyphosis,

reducing it by an average of 18.5�. These findings are

consistent with reports that hybrid constructs enhance

sagittal correction, which might reduce the risk of sub-

sequent proximal junctional kyphosis [12, 37]. T9 sagittal

offset was not changed significantly by the procedure, but

the mean preoperative value was already within physio-

logical limits. That might reflect the need for another, more

clinically relevant radiological parameter to assess overall

sagittal spinal balance in patients with AIS.

The principal limitation of the UC technique was the

rate of posterior prominence (14.6%) at the proximal

extremity. Of these 11 patients, the five with disabling pain

underwent revision. Slippage of one band inside the clamp

was found at revision without band failure or lamina

breakage. During the five revisions, the UCs at the proxi-

mal level were replaced by conventional claws. The cases

of proximal prominence occurred during our first year of

experience when fewer UCs were used to instrument the

proximal levels of the construct where the highest shear

forces are exerted. By precaution we now recommend

using a conventional claw bilaterally at the proximal

extremity, but this issue warrants further study.

Other aspects of the Universal Clamp

Among its advantages, the UC permits postoperative

imaging without artifacts. Immediate CT scans or magnetic

resonance imaging (MRI) are possible, especially conve-

nient if transient neurological symptoms are observed after

the procedure. In addition, the UC is a soft implant with

less potential than wires or cables to push into the canal

during the procedure, thus reducing the intraoperative

neurological risk. This advantage might be even more

critical during removal of the polyester bands versus

removal of wires, in case of revision surgery [23]. The UC

has a very low profile and is universal, which means that

there is only one type of implant that is used to instrument

any thoracic vertebra. The learning curve is very short and

no fluoroscopy is needed at the levels instrumented by the

UC, as opposed to recommendations by some authors of

intraoperative fluoroscopy for screw placement [22]. As

noted by Perisinakis et al. [25] fluoroscopically guided

pedicle screw insertion adds radiation exposure to the

physician and patient in addition to increasing operative

duration and cost.

Although there is no direct system of tension measure-

ment among the instruments, on the side of the tensioning

device there are marks that indicate when the maximum

recommended tension of 500 N has been attained. In

practice, tension applied on the UC is subjectively evalu-

ated by the surgeon. For experienced surgeons, the learning

curve for use of the UC, including application of appro-

priate tension, is short. In our experience, the operative

time with the UC averaged 235 min, a mean reduction of

50 min as compared to our previous constructs using a

multihook system (SCS, Eurosurgical, 62217 Beaurains,

France).

Limits of the study

There are several weaknesses in this study. Because all the

procedures were performed by a single surgeon, who pro-

motes the technique, the results need to be confirmed in a

multicenter study. In addition, the follow-up period was

short (30 months), even though it is now accepted that loss

of correction after fusion in AIS primarily occurs during

the first postoperative year and that results of spine surgery

can be reliably evaluated radiologically after a minimum

follow-up of 2 years [27].

No functional score was used to evaluate patient out-

comes, since no SRS score has been validated to date in the

authors’ native language.

In conclusion, the principal limitation of the UC technique

was the rate of proximal posterior prominence (14.6%),

leading us to recommend the use of conventional claws at the

upper extremity of the construct. The technique was safe, and

reduced operative time, radiation exposure, and blood loss.

While achieving correction of deformity in the coronal and

axial planes equivalent to the best reported results of all-

screw or previous hybrid constructs, the UC hybrid tech-

nique appears to provide superior correction in the sagittal

plane. The excellent outcome in all the three planes was

maintained at the 2-year follow up.
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