Eur Spine J (2007) 16:381-391
DOI 10.1007/500586-006-0147-3

ORIGINAL ARTICLE

Minimum 10 years follow-up surgical results of adolescent
idiopathic scoliosis patients treated with TSRH instrumentation

I. Teoman Benli - Biilent Ates - Serdar Akalin -
Mehmet Citak - Alper Kaya - Ahmet Alanay

Received: 29 March 2005/ Revised: 25 March 2006/ Accepted: 30 April 2006/ Published online: 19 August 2006

© Springer-Verlag 2006

Abstract Last two decades witnessed great advances
in the surgical treatment of idiopathic scoliosis. How-
ever, the number of studies evaluating the long-term
results of these treatment methods is relatively low.
During recent years, besides radiological and clinical
studies, questionnaires like SRS-22 assessing subjective
functional and mental status and life-quality of patients
have gained importance for the evaluation of these re-
sults. In this study, surgical outcome and Turkish SRS-
22 questionnaire results of 109 late-onset adolescent
idiopathic scoliosis patients surgically treated with
third-generation instrumentation [Texas Scottish Rite
Hospital (TSRH) System] and followed for a minimum
of 10 years were evaluated. The balance was analyzed
clinically and radiologically by the measurement of
the lateral trunk shift (LT), shift of head (SH), and shift
of stable vertebra (SS). Mean age of the patients was
14.4+19 and mean follow-up period was 136.9+
12.7 months. When all the patients were included, the
preoperative mean Cobb angle of major curves in the
frontal plane was 60.8°+17.5°. Major curves that were
corrected by 38.7+22.1% in the bending radiograms,
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postoperatively achieved a correction of 64.0+15.8%.
At the last follow-up visit, 10.3°+10.8° of correction loss
was recorded in major curves in the frontal plane with
50.5+23.1% final correction rate. Also, the mean post-
operative and final kyphosis angles and lumbar lordosis
angles were 37.7°+7.4°, 37.0°£8.4°, 37.5°+8.7°, and
36.3°£8.5°, respectively. A statistically significant cor-
rection was obtained at the sagittal plane; mean post-
operative changes compared to preoperative values
were 7.9° and 12.9° for thoracic and lumbar regions,
respectively. On the other hand, normal physiological
thoracic and lumbar sagittal contours were achieved in
83.5% and 67.9% of the patients, respectively. Postop-
eratively, a statistically significant correction was ob-
tained in LT, SH, and SS values (P<0.05). Although,
none of the patients had completely balanced curves
preoperatively, in 95.4% of the patients the curves were
found to be completely balanced or clinically well bal-
anced postoperatively. This rate was maintained at the
last follow-up visit. Overall, four patients (3.7%) had
implant failure. Early superficial infection was observed
in three (2.8%) patients. Radiologically presence of
significant consolidation, absence of implant failure, and
correction loss, and clinical relief of pain were consid-
ered as the proof of a posterior solid fusion mass. About
ten (9.2%) patients were considered to have pseudo-
arthrosis: four patients with implant failure and six
patients with correction loss over 15° at the frontal
plane. About four (3.7%) patients among the first 20
patients had neurological deficit only wake-up test was
used for neurological monitoring of these patients. No
neurological deficit was observed in the 89 patients for
whom intraoperative neurological monitoring with
SSEP and TkMMEP was performed. Overall, average
scores of SRS-22 questionnaire for general self-image,
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function, mental status, pain, and satisfaction from
treatment were 3.8+0.7, 3.6+0.7, 4.0+0.8, 3.6+0.8, and
4.6+0.3, respectively at the last follow-up visit. Results
of about 10 years of follow-up these patients treated
with TSRH instrumentation suggest that the method is
efficient for the correction of frontal and sagittal plane
deformities and trunk balance. In addition, it results in a
better life-quality.

Keywords Idiopathic scoliosis - Surgical treatment -
Instrumentation - Long-term follow-up -
SRS-22 questionnaire

Introduction

In the last decade, the three-plane deformity concept
of idiopathic scoliosis has led to the evolution of spinal
instrumentations correcting the deformity in all three
planes. Multiple-level fixation with wires or hooks at
strategic vertebrae, double rods, and transverse con-
necting devices have become the state-of-the-art
technology in addressing this complex problem [2, 3,
11-13, 15, 16, 18, 20]. Multiple-hook applications to the
strategic vertebrae, “‘claw’ applications to the proxi-
mal and distal part of the curve, new locking mecha-
nisms, and improved transverse connectors made these
systems biomechanically safer and led higher correc-
tion rates to be achieved [11, 14, 18, 20, 36, 37, 39, 40].
One of these third-generation systems is Texas Scottish
Rite Hospital (TSRH) system [3].

Although, high correction rates with CD instrumen-
tation are reported in scoliosis patients, studies showing
de-compensation and imbalance problems have raised
concerns about the value of this system, because de-
rotational effect also affects neutral vertebrae [30, 36,
37, 42-44, 48]. Technically, the same disadvantages are
also relevant for TSRH instrumentation, because
selection of strategic vertebrae and corrective maneu-
vers are similar; however, only a few studies have been
reported about this system.

In the present study, the surgical results of 109 idi-
opathic scoliosis patients treated with TSRH instru-
mentation are evaluated. Patients were followed-up for
a minimum of 10 years. The preoperative, postopera-
tive, and the last follow-up visit values for the frontal
plane deformity and sagittal contours, the correctional
rates, and the loss of correction are reviewed. In
addition, it is investigated whether the abovemen-
tioned balance problems had occurred prior to the
operation or not, and any change occurred in terms of
trunk balance after a minimum 10 years of follow-up
was looked for.
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Most of the studies with long-term results are re-
ferred to the adolescent idiopathic scoliosis patients
instrumented with Harrington rod system. These studies
also report that Harrington rod system has comparable
clinical and radiological results with the modern
instrumentation systems, however, the final deformity-
correction rates are very small and the overall life-
quality at the last follow-up visit is almost unchanged
when compared with the third-generation instrumen-
tation systems [17, 21, 23, 24, 26, 31, 32, 47]. Long-term
results with the modern systems are limited [5, 21,23, 26,
29,33]. Itis reported that there is a 7°~17° correction loss
in 5-15 years follow-up, but the vertebral stability is
maintained and almost no correction loss is observed
after two postoperative years [23, 29, 33, 34].

Asher et al. reported minimal correctional loss with
the Isola instrumentation system at the long-term
follow-up [7, 9]. There is no study in the literature,
giving long-term results with the TSRH system.

The public surveys on preoperative and postopera-
tive self-image, pain, function, and the mental status of
the patients with idiopathic scoliosis point out the
subjective satisfaction of them and their families.
These studies also help us to find out the effect of the
treatment on the overall life-quality of the patient. The
questionnaires like SRS-22, SRS-24, and Short Form-
36 are mostly used ones in recent years [4-8, 22, 31, 33,
34, 38, 45, 46]. In the present study, in addition to other
outcome measures, the SRS-22 questionnaire adapted
to Turkish by Alanay et al. [1] is used to determine the
effect of the treatment on the overall quality of life
after a long-term follow-up.

Patients and methods

The first TSRH instrumentation in our clinic was per-
formed in September 1991. From September 1991 to
November 1994, 109 patients were operated for the
treatment of idiopathic scoliosis using TSRH instru-
mentation. Mean follow-up period was
136.9+12.7 months  (120-159 months). About 45
(41.3%) of the patients were male and 64 (58.7%) were
female. Mean age of patients at the time of operation
was 14.4+1.9 years.

Preoperatively, patients were evaluated in detail by
clinical, radiological, and laboratory examinations.
Preoperatively, the angles of the major curves were
measured by Cobb method by using bending and
standing radiograms. On lateral radiograms, sagittal
contours between T2-T12 and L1-L5 vertebra were
measured, again by Cobb method. Normal thoracic
physiological kyphosis and physiological lumbar
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lordosis were regarded as 25°-40° and 40°-65°,
respectively [25]. The curves were grouped according
to King classification [27]. Appropriate planning for
the use of the third-generation system was done in
accordance with the conclusions of the studies reported
by Herring and Johnson [3, 37]. Anterior discectomy
and release was performed in patients with rigid major
curves above 70° with a correction less than 50% in the
bending radiograms, and in patients, who had severe
vertical structural changes. Disc space at the planned
number (minimum three, maximum six) was excised
and anterior release was performed. If the rib defor-
mity was significant (>4 cm), thoracoplasty was added
to the levels by resecting 2-3 cm of the costa on which
discectomy was performed and one- or two-staged
posterior instrumentation and fusion was performed. If
the curve was flexible of type III or type II and less
than 40°, selective thoracic fusion was performed.
Selective thoracolumbar and lumbar fusions were done
for flexible type-IV and type-I curves, and both curves
were included into the fusion and instrumentation area
for the real double major type I and type-II curves. The
first 38 patients had only hooks and the following 71
patients had both hooks at the thoracic region and
transpedicular screws at the thoracolumbar and lumbar
region. The upper vertebra where transpedicular
screws were placed was T11. All patients underwent a
posterior fusion with a mixture of their local and iliac
autologous grafts and allogenic bone grafts.
Autologous blood transfusion was done in all
patients using the “cell-saver” (electromedics) system.
Intraoperatively, the autotransfusion unit saved an
average of 820+135 cc of blood, and an average of
1.7+0.8 units of saved blood was transfused. None of
these patients needed homologous blood transfusion.
The hematocrite value was reduced by 0.7+0.6 mg/dl
on average, which was found to be statistically signifi-
cant (P<0.05). The mean operation time was 1.8+0.9 h.
Wake-up test was performed in the first 20 patients.
SSEP and “‘transcranial cortical magnetic stimulation-
motor evoked potentials” (TkMMEP) were combined
for neuralgic intraoperative monitoring (using the
Caldwell-Quantum 80 system) for the last 89 patients
of the present study, after it had become available.
Antibiotic prophylaxis was administered in all pa-
tients preoperatively with 2 g first-generation cepha-
losporine or 1 g sulbactam ampicillin and maintained
during three postoperative days, dose being reduced to
0.5 g per day. The patients were turned to their sides at
the first postoperative day and were seated on the
second day. On the third day, they were encouraged to
walk. No postoperative cast or brace was utilized.

Balance analysis of patients was done clinically and
radiologically. Shoulder asymmetry and distance from
the center of gravity measured by a plumb line swinging
from C7 and intergluteal crease was determined. In
addition, the subjective complaints of the patients were
recorded. Three radiological parameters were analyzed
on the radiographs taken preoperatively, soon after
surgery and at the last follow-up for the analysis of trunk
balance: Lateral Trunk shift (LT), Shift of Head (SH),
and Shift of Stable vertebra (SS). The LT was measured
as the distance from the midpoint of apical vertebra of
major curve to the mid-sacral line (MSL). The SH was
measured as the distance between the MSL and mid-
point of the seventh cervical vertebra. The SS was
measured as the distance between midpoint of stable
vertebra and the MSL. If SH and SS were close to 0 cm,
i.e., if the vertebra is in the middle line, that curve is
considered a “‘completely balanced” one. If the SH and
SS are higher than 0 cm but lower than 1 c¢m, as a clin-
ically recognizable imbalance was not noticed, it was
regarded as clinically “‘balanced.”

The Cobb angles of secondary curves below and
above the curves were measured to determine de-
compensation. In addition, the effect of surgical treat-
ment on these curves was also investigated.

Last evaluations were done in November 2004 and
the patients with a minimum follow-up of 10 years were
included in this study. At the last visit, the patients were
evaluated clinically, radiologically, and frontal and
sagittal plane Cobb angles and correction loss of balance
values were noted. Additionally, the subjective com-
plaints of the patients related to balance, implant fail-
ure, and other complications were recorded.

At the last follow-up visit, the Turkish SRS-22
questionnaire about self-imaging, pain, function, men-
tal status, and the treatment satisfaction was adminis-
tered to the patients. There were five questions each
for the first four domains and two questions for the
treatment satisfaction. All answers were scored from
zero to five and the points were added together and
later divided to five in order to grade the results over
five. It was examined whether the results differ with the
curve types. The correlation of the questionnaire
scores with the preoperative curve magnitude, post-
operative correction rates and the loss of correction at
the last follow-up visit were evaluated. Additionally,
the patients’ educational (whether continuing or not),
occupational, and marital status, and the number of
their children (if married) were recorded.

The statistical evaluation was made using the “dif-
ference between means for paired observations’ test
and the ‘“‘chi-square” test. In addition, correlation-

@ Springer



384

Eur Spine J (2007) 16:381-391

regression test was used for the evaluation of ques-
tionnaire results.

Results
Frontal and sagittal plane

When the patients were classified according to King—
Moe classification, there were 11 patients with type I, 35
patients with type II, 50 patients with type III, and 13
patients with type I'V. Overall, the mean Cobb angle of
the major curves at the frontal plane was 60.8°+7.5°.
While there was 38.7+22.1% correction in the bending
radiograms, the postoperative correction rate
(64.0+£15.8%) was higher than that was in the bending
radiograms with a statistically significant difference
(:21.3, P<0.01).

The mean postoperative Cobb angle of the major
curves improved to 23.2°+13.0° and this was found to
be statistically significant (z: 39.5, P<0.01). At the last
follow-up visit (mean 136.9+12.7 months), the final
rate of correction regressed to 50.5+23.1%, but the
difference between the mean final Cobb angle with
preoperative value was statistically significant (#: 17.3,
P<0.01) (Table 1). The highest correction rate was
obtained in type-III curves (68.8+14.7%), followed by
type-IV curves (64.5+15.8%) (Figs. 1, 2). When the
mean postoperative and final Cobb values are com-
pared with the preoperative ones, there is a statistically
significant improvement in all curve types (P<0.01).
Opverall, the mean-correction loss was 5.3°+5.8°. There
was also statistically significant improvement in post-
operative and final sagittal contours in all curve types
(Table 2). Although, the correction obtained was
statistically significant, it was not numerically too high,
particularly at thoracic region (for thoracic region:
mean 7.9°+18.5°, for lumbar region: mean 12.9°+12.2°).
However, when reference range values are considered
(for thoracic region: 25°-40°, for lumbar region:
40°-65°), preoperatively 38.5% (42 patients) of the
patients had thoracic, 22.9% (25 patients) had lumbar
physiological sagittal contours, but postoperatively
normal physiological sagittal contours were obtained in
91 of the patients (83.5%) at the thoracic region and in
74 of the patients (67.9%) at the lumbar region. At the
last control visit, these rates were maintained.

Balance analysis
The distance between the plumb line and the inter-

gluteal crease was brought to 0.9+0.6 cm postopera-
tively, while it was 3.7+1.9 cm preoperatively (P<0.01).
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Overall, preoperative LT, SS, and SH values of all
patients were 37.3+12.7, 18.8+9.5, and 19.8+10.5 mm
and postoperative and final correction rates were sta-
tistically significant (P<0.01) with minimal loss of cor-
rection (Table 3). The correction rates were also
statistically significant for all types of curves (P<0.01).
Correction rates obtained in LT values correlated the
correction rates of Cobb values for the curves in frontal
plane.

None of the patients were completely balanced
preoperatively. Totally, 22 patients (20.2%) had clini-
cally balanced curves, while 87 patients (79.8%) had
abnormal balance patterns. Overall, 43 patients
(39.5%) were found to be balanced, while 61 patients
(55.9%) had a complete balance in which SS and SH
values were brought to zero. The best results were
obtained with type-III curves. Totally, 104 of all
patients in our series (95.4%) had either a “completely
balance” or a “‘balanced curve.”

Although, the instrumentation had an affirmative
effect on the balance values of the curves, imbalance
continued in five patients (4.6%) postoperatively.
Among these, one of the patients with type-I curves,
one of the patients with type-II curves, and one of the
patients with type-IV curves had a decrease in SH and
SS values, although the imbalance continued. When
bending radiograms were re-evaluated, remaining two
of the patients with type-III curves that had an increase
in SH and SS values were actually found to be type-V
curves, because the cervicothoracic major curves were
missed. Finally, due to inappropriate planning and
application, two (1.8%) patients developed the
“imbalance” problems.

As a result, 104 (95.4%) patients were either
balanced or completely balanced postoperatively; at
the last follow-up visit 99 (90.8%) patients were in
this condition. Overall, there were five (4.6%)
imbalanced patients postoperatively and this was
raised to ten (9.2%) at the final follow-up visit. Five
of these five imbalanced patients remained imbal-
anced. Five of the postoperatively balanced patients
had an increase in SS and SH values (>1 cm) and
became imbalanced.

Complications
Pseudoarthrosis and implant failure

About two lumbar screws were broken in one patient
(0.9%) with type-I curve. As 5° of correction loss and a
solid fusion mass was observed in this patient, after
53 months of follow-up, the implants were not re-
moved but revised. Implant failure was noted in three
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Table 1 Frontal plane analysis of the patients with AIS (n: number of the patients)
Curve type Preoperative  Postoperative ¢ P Postoperative  Final t P Final CR LC

Cobb Cobb CR (%) Cobb (%)
Type I (n: 11) 60.5°+9.5° 25.3°+14.8° 11.8 <0.01 59.8+18.0 30.0°+14.8°  8.61 <0.01 515194  4.7°%£5.6°
Type IT (n: 35)  78.9°+17.9°  35.1°%+17.6° 192 <0.01 56.8+16.3 42.5°£20.7° 149  <0.01 47.5+18.8  7.4°x6.0°
Type IIT (n: 50) 51.9°+9.9° 16.8°+9.8° 338 <0.01 68.8+14.7 19.9°+9.1° 28,6 <0.01 62.3+143 3.1°x4.4°
Type IV (n: 13) 55.4°+14.9°  20.6°+10.1° 174 <0.01 64.5£10.5 27.6°+12.8° 146 <0.01 51.9+12.5 7.0°%3.6°
Total (n: 109) 60.8°+17.5°  23.2°+13.6° 384 <0.01 64.0+15.8 28.2°+16.9° 326 <0.01 50.5+23.1 10.3°+10.8°

F.0,14Y,, F, <

%
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Fig. 1 The patient (FO) was a 16-year-old girl, with type-III curve. Her preoperative (a, b), and postoperative 131st month follow-up

(¢, d) PA and lateral radiographies

=

1.S.,13,F

Fig. 2 The patient (IS) had type-IV curve. Her preoperative (a, b), and postoperative 135th month follow-up (¢, d) PA and lateral

radiographies
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Table 2 Sagittal plane analysis of the patients

Type Preoperative Postoperative Final Preoperative Postoperative Final
Thoracic Thoracic Kyphosis Lumbar Lumbar Lumbar
Kyphosis Kyphosis Lordosis Lordosis Lordosis
Type I (n: 11) 20.3°+£13.6° 35.4°+5.5° 35.0°+6.7° -21.8°+15.4° —35.2°+11.8° —35.0°+8.5°
Type II (n: 35) 31.4°+24.4° 36.9°+6.7° 36.6°+8.2° -26.8°+15.4° —-39.6°+8.0° —38.4°+8.5°
Type III (n: 50) 22.3°+20.6° 32.0°+10.9° 31.9°+10.6° —24.5°+16.2° —-38.0°+8.4° -36.6°+8.1°
Type IV (n: 13) 31.3°+24.2° 33.0°+13.9° 33.7°+14.6° —-21.0°£13.0° —20.6°+£10.9° —26.0°+£10.6°
Total (n: 109) 26.5°+21.0° 34.4°+9.8° 33.6°+7.4° -23.9°+17.3° -36.9°+£10.7° —35.3°+8.3°

(one rod breakage, one with proximal, and one with
distal convex hook dislodgement).

Radiologically, the presence of significant consoli-
dation, absence of implant failure and correction loss,
and clinical relief of pain were considered as the proof
of a posterior solid fusion mass. About ten (9.2%)
patients were considered to have pseudoarthrosis: four
patients with implant failure and six patients with
correction loss over 15° at the frontal plane. These
patients were re-operated and re-fusion was per-
formed. For ten patients with correction loss between

Table 3 Trunk balance analysis of the patients

10° and 14°, re-operation was not considered and they
were only followed until consolidation was observed
radiologically.

Infection

Early superficial infection was observed in three
(2.8%) patients. Slight wound opening and serohem-
orrhagic leakage was seen in these patients and was
eradicated with medical treatment and dressing. Deep
late-wound infection was seen in one (0.9%) patient

Types Preoperative Cobb Postoperative Cobb t P Final Cobb t P
(secondary curve) (secondary curve) (secondary curve)
Type 1 42.3°+16.5° 20.9°+11.7° 6.18 <0.01 25.5°+10.7° 4.16 <0.01
Type 11 45.0°+18.2° 25.6°+13.8° 10.6 <0.01 28.1°+12.8° 8.9 <0.01
Type 111 26.3°+9.5° 7.6°£9.2° 152 <0.01 8.9°+10.1° 12.6 <0.01
Type IV 28.8°+16.5° 10.6°+14.3° 4.9 <0.01 13.0°+14.6° 39 <0.01
Total 33.1°+15.9° 13.1°£13.8° 20.9 <0.01 16.2°+14.4° 15.1 <0.01
Preoperative Postoperative t P Final t P
LT (mm) LT (mm) LT (mm)
Type 1 39.3+12.9 20.4+9.8 5.7 <0.01 23.2+11.1 5.4 <0.01
Type 11 78.4+19.3 25.2+13.3 14.2 <0.01 27.2+13.5 12.4 <0.01
Type 111 34.5+12.1 12.3+8.8 234 <0.01 14.0+9.5 213 <0.01
Type IV 58.1+30.4 23.4+18.4 4.5 <0.01 29.4+19.8 3.6 <0.01
Total 37.3+£12.7 10.7+7.1 184 <0.01 12.7+8.3 17.5 <0.01
Preoperative Postoperative t P Final t P
SS (mm) SS (mm) SS (mm)
Type 1 26.6+12.7 10.2+11.1 6.2 <0.01 12.1+10.8 53 <0.01
Type 11 25.8+10.6 6.8+5.2 11.8 <0.01 8.7+5.7 104 <0.01
Type 111 12.9+10.3 3.5+6.0 6.8 <0.01 4.5+6.4 6.2 <0.01
Type IV 18.8+18.4 4.3+6.7 3.7 <0.01 7.1£9.2 35 <0.01
Total 18.8+9.5 42+5.1 183 <0.01 5.6+5.9 17.5 <0.01
Preoperative Postoperative t P Final t P
SH (mm) SH (mm) SH (mm)
Type 1 31.2+25.3 10.8+10.5 3.7 <0.01 14.2+12.9 32 <0.01
Type 11 21.4+10.3 3.0+6.8 10.8 <0.01 7.6+7.6 9.1 <0.01
Type IIT 18.5+9.3 2.8+4.0 16.5 <0.01 4.3+5.0 15.5 <0.01
Type IV 30.1+13.8 5.7+8.1 52 <0.01 8.9+7.4 4.7 <0.01
Total 19.8+10.5 3.9+5.4 19.5 <0.01 5.6+6.5 17.4 <0.01
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and Staphylococcus Aureus was isolated. Sulbactam
Ampicillin 0.5 g twice daily was initiated, implants
were removed and debridement was performed. After
6 weeks of chemotherapy, infection was totally eradi-
cated and as solid fusion occurred in these patients,
revision was not indicated.

Neurological deficit

About Four (3.7%) patients among the first 20 patients
had neurological deficit. Only a wake-up test was used
for neurological monitoring of these patients. In one
patient with type-II curve, late distal paraplegia
developed on the second postoperative day, which was
attributed to hypovolemia and hypoxia. Implants were
removed in the same day and 4x4 g/day dexametha-
sone was initiated. With active rehabilitation, this
patient is now mobilized with walking orthosis. At the
last follow-up visit, this patient had 51° correction loss.
Implants of the other three patients with neurological
deficit were not removed. Two of them totally recov-
ered at the second postoperative week with steroid
therapy. In the remaining one patient all neurological
deficits were recovered except slight dorsiflexion loss.
Later on, tendon transfer to the dorsum of the foot
minimized the dorsiflexion loss. No neurological deficit
was observed in the 89 patients for whom intraopera-
tive neurological monitoring with SSEP and TkMMEP
was performed.

The results of SRS-22 questionnaire

Overall, the average scores of questionnaire for pain,
general self-image, function, mental status, and satis-
faction from treatment were 3.8+0.7, 3.6+0.7, 4.0+0.8,
and 4.6+0.3, respectively, at the last follow-up visit
(Table 4). There was no difference between the groups
for any of the domains (z: 0.16, P<0.5). Relatively,
patients with type-III curves had the best scores. The
89 patients having less than 10° of correction loss had
scores of 4 or 5 or over 5 for self-image and mental
status irrespective of the curve type, while 20 patients
having more than 10° of correction loss had scores 3 or
less. In patients with type- III and -IV curves and

patients having flexible lumbar curves, self-image and
mental status were positively effected and these do-
mains were correlated with the postoperative correc-
tion rates (z: 0.422, P<0.001).

The pain scores were not correlated with the curve
types, final Cobb angle or the amount of correction loss
(P>0.01). There were degenerative changes at the un-
instrumented sites in the 14 (12.8%) of the patients, who
had at least pain complaint for 6 months, but there was
no explanation for pain in the remaining 24 (22%)
patients. Functional loss was small in patients with
neurological deficit and others did not have a clear loss,
and the score was three or over in almost all (106)
patients. The treatment-satisfaction score was less than
3 in patients, whose implants were removed because of
infection and who had 30° of correction loss at the last
follow-up due to implant failure, in patients who had 51°
correction loss, and in patients had neurological deficit.

All the patients continued their education. About 64
patients (58.4%) living in urban areas found a job and
40 patients living in urban area worked by raising
livestock or as a farmhand, but the remaining five were
unemployed. About 64 (31.9%) of the patients were
married and 12 girls delivered babies by spontaneous
vaginal delivery after a normal pregnancy period, three
gave birth by cesarean section.

Discussion

The current study is the first in literature with long-
term results of the TSRH instrumented idiopathic
scoliosis patients. Most of the long-term results in the
literature are with the Harrington rod system [23, 24,
32, 47]. Williers et al. reported 40% final correction
rate in a 10.8 years follow-up study [47]. Helenius et al.
reported relatively lower correction rates with
Harrington rod system when compared with the C-D
instrumentation [24]. Lespien stated that in 2 years
following the operation. the fusion status is completed
and vertebral stability is established, meaning no
further loss of correction is expected [29].

Many studies with Cotrel-Dubousset system and
similarly with TSRH system have reported significant

Table 4 The result of SRS-22

. . . Type Self Mental Function Pain Satisfaction
questionnaire of the patients . .
1maging status
1 3.8+0.6 3.5+0.7 3.8+0.8 3.5+0.6 4.5+0.3
II 3.6+0.8 3.4+0.6 3.8+0.8 3.4+0.7 4.4+0.5
111 3.9+0.5 3.8+0.9 4.2+0.5 3.8+0.5 4.7+0.3
v 3.8+0.6 3.5+£0.6 3.9+0.7 3.5+0.9 4.5+0.4
Total 3.8+0.7 3.6+0.7 4.0+0.8 3.6+0.8 4.6+0.3
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correction of scoliotic curves at all three planes [2, 3,
11-13, 15-17, 19-21, 28]. Also, in our study, when the
postoperative values are considered with all patients
included, a statistically significant correction was ob-
tained in both frontal (64%) and sagittal planes
(P<0.01). Delorme et al. reported the effect of preop-
erative and intraoperative sagittal contours on post-
operative sagittal-plane correction [19]. Benli et al.
found no substantial change in the sagittal contours of
thoracic region for normokyphotic patients, however
they reported a remarkable change in hypokyphotic
patients [13]. Rhee et al. suggested that actually cor-
rection of the sagittal contours was numerically small
[35]. When all the patients are taken into account in
our study, the difference between preoperative and
postoperative contours was not numerically very high,
however the correction was statistically significant.
Postoperatively 83.5% had excellent thoracic balance
and corresponding figure was 67.9% for lumbar region.

In the present study, the mean final Cobb values
were significantly improved during a minimum
10 years follow-up period and the mean final correc-
tion rate for the major curves were found to be
56.7+17.7%. The mean loss of correction was
9.1°£11.9°. The loss of correction is higher in patients,
whose implants had to be removed before 2 years
postoperatively due to infection or neurological deficit.
There was no significant difference in terms of sagittal
contours; and the postoperative normal physiological
sagittal contours were maintained at the final follow-up
visit.

By Cotrel-Dubousset system, de-rotation maneuver
was introduced to spinal surgery, but during the fol-
lowing years de-compensation and imbalance problems
due to the redirection of rotational effect to the stable
vertebral levels were reported regarding this maneuver
[30, 4244, 48]. According to Bridwell, de-compensa-
tion is mainly the result of inability to detect, or
inappropriately select the fusion levels of the double
major curves and due to the progression of the struc-
tural lumbar and upper thoracic curves [16]. Benli et al.
reported that over-correction and neglected structural
upper thoracic curves resulted in imbalance and de-
compensation problems particularly in King type-III
curves [13].

There are limited number of studies with third-
generation systems investigating whether imbalance
problems continue or not during long-term follow-up.
This study has also examined the long-term results for
trunk balance. At the last follow-up visit, the ratio of
“completely balanced” patients reduced to 48.6% but
the ratio of ‘“‘balanced” patients improved to 42.2%,
thus an overall 9.2% of patients being “unbalanced.”

@ Springer

Totally, 90.8% of patients were ‘“‘completely balanced”
or “‘balanced” at the last control visit, similar to post-
operative values. The imbalance problems occurred
due to the loss of correction. As a result, the postop-
erative correction rates in the sagittal and frontal
planes with the TSRH instrumentation are almost
maintained in the long term with a minimum loss of
correction; and although the balance values decreased
a little, the number of patients with postoperative
trunk balance remained the same.

Recently, a subjective questionnaire is also being
used in addition to the clinical and radiological
assessment when evaluating scoliosis patients. This
questionnaire also puts forth the change in patient’s
life-quality into consideration [4-8, 31, 38]. Long-
term results of treatment with Harrington rods give
no significant change in patients’ life-qualities
[21, 32]. When the questionnaire is applied both
preoperatively and postoperatively, the changes in
domains like self-image, pain, function, and mental
status can also be evaluated. Merola et al. in a
multicenter study of seven different institutions re-
ported an average score of 3.68/5.00 at 24 months
and the improvements in the scores were statistically
significant [31]. There are also studies on different
scoring types and the unique questionnaires devel-
oped for each country and languages [5-7, 10]. In the
current study, the SRS-22 questionnaires adapted to
Turkish by Alanay et al. (also co-author of this
study) was used [1]. In our study, overall mean values
for pain, general self-image, function, mental status,
and satisfaction were 3.8+0.7, 3.6+0.7, 4.0+0.8, and
4.6+0.3, respectively, at the last control visit.

Asher et al. stated in their studies that in idio-
pathic scoliosis patients treated with Isola instru-
mentation, the self-imaging scores raised at 3rd and
24th months while the function scores lowered at the
3rd month, returned to the baseline at the 6th month
and raised again at the 24th month. They also stated
a reverse correlation between postoperative curve
magnitude and the scores [6, 7]. In our study, no
significant difference was found among different
curve types for any domain (P>0.05). In curve type
III: single thoracic, with more flexible and less pre-
operative Cobb angles relatively the best scores were
obtained; and this seemed to support the correlation
between the preoperative curve magnitude and the
scores. Haher et al. reported in their meta analysis of
11,000 patients followed for 35 years that patient
satisfaction rate increases with increased surgical
correction rate [22]. In our study, we found that in
curves as types III, IV and lumbar flexible types self-
imaging, and mental status scores were positively
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affected and these domains correlated with the
postoperative correction rates. Additionally, when the
correctional loss was less than 10°, the self-imaging
and mental status scores were better than the patients
with a correctional loss more than 10°. This was
thought to be a reverse correlation of these domains
with the correctional losses.

White et al. reported the effect of fusion rates on
pain scores, and Peres Gruesco et al. stated in their CD
instrumented 10 year follow-up study that the changes
causing pain was not different than the normal popu-
lation [33, 45, 46]. Takahashi et al. reported 23%
degenerative changes at the uninstrumented lumbar
site in 5-9 years follow-up [41].

In the present study, it is also found that the pain
score is not correlated with the final Cobb angle and
the loss of correction (P>0.01). When the patients
with pain were evaluated, it was found that in 14 of
the patients having at least 6 months of pain,
degenerative changes at the uninstrumented site was
responsible for the pain. In the remaining 24 patients
no cause for the pain was identified, so mechanical
problems, like perivertebral muscle pain, were
thought to be the reason.

White et al. reported that surgery improved func-
tional scores [45]. The functional limitations were small
in the patients with neurological deficit; the others did
not have a significant limitation and in most of the
patients the functional scores were four over five.

Rinella et al. stated that as the follow-up period got
longer and the patients’ ages got older the satisfaction
from the treatment increased, but the final curve status
did not correlate with the satisfaction level [38]. Asher
et al. reported that the trunk deformity at the last
control visit did not correlate with the treatment-
satisfaction level [4]. Haher et al. also reported that the
radiological status did not correlate with the satisfac-
tion level [22]. In our study, similar to these studies, the
treatment-satisfaction scores did not correlate with the
curve types and the loss of correction, and almost all
patients (106 patients) had scores three or over. The
patients with implant removal because of infection,
having 30° of correction loss at the last follow-up visit
because of implant failure, having implant removal
because of neurological deficit, and having 51° of cor-
rection loss had treatment-satisfaction scores less than
3. The patients had high treatment-satisfaction scores
irrespective of their final curve patterns, and all but
one with neurological deficit said “‘yes’” when asked if
they would have accepted the same course of treat-
ment.

In our study, patients could successfully continue
their education, occupational life, and marriage.

Conclusion

With TSRH instrumentation, postoperatively signifi-
cantly high correction rates were obtained at the frontal
plane and physiological contours were achieved for all
curve types. In all curve types, lateral shift of apical,
stable vertebrae, and head had a statistically significant
correction. Postoperatively, great majority of the
patients (95.4%) were either ‘“balanced” or ‘“‘com-
pletely balanced.” At long-term follow-up, the frontal
and sagittal plane correctional rates were maintained
with minimal loss of correction. The postoperative
trunk balance was also maintained after a minimum of
10 years follow-up. The results of the SRS-22 ques-
tionnaire results showed that TSRH instrumentation
was successful in deformity correction, as well as its
positive effects on the self-imaging, mental status,
function, and pain domains of the patients. Addition-
ally, the questionnaire scores for self-imaging, mental
status, and function domains had a reverse correlation
with the preoperative curve magnitude and loss of
correction, while they were correlated with the post-
operative correction rates. Most of the patients were
satisfied with the treatment, and the satisfaction level
did no correlate with the curve status at the last control
visit. The treatment improved the patients’ life-quality
and did not have a negative effect on their education,
occupation, and marriage.
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