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EFFECTS OF IMPLANT REMOVAL AND REMOVAL TIME ON CLINICAL
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TREATED WITH 3RD GENERATION INSTRUMENTATION  SYSTEM
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ÖZET

Son bir kaç dekatt�r, 3. jenerasyon enstrü-
mantasyon sistemlerinin idiopatik skolyoz cerrahi
tedavisinde kullan�ma baßlamas�yla, frontal ve
sagittal plandaki deformite daha yüksek oranlar-
da düzeltilmeye baßlam�ßt�r. Deformitenin düzel-
tilmesindeki yüksek baßar�ya ra¤men, hastalar�n
s�rt a¤r�s� yak�nmalar� önemli bir sorun olarak
karß�m�za ç�kmaktad�r. Son y�llarda bunun baßl�-
ca, özellikle çapraz ba¤lant�lardan kaynaklanan
bir metal hastal�¤� sonucu olußtu¤u ileri sürül-
mektedir. �mplantlar�n ç�kart�lmas� füzyon olana
kadar, ki bu süre yaklaß�k 9 - 12 ayd�r, implant
yezmetli¤i ve benzeri bir sorun da gelißmemißse
ve hasta da �srarla istemiyorsa, cerrahlar taraf�n-
dan yeni morbidite riski nedeniyle tercih edilme-
mektedir. Literatürde implant ç�kart�lmas�n�n kli-
nik sonuçlara etkisi üzerine bir çal�ßma da yoktur.
Bu amaçla bu çal�ßmada, yaßlar� 12-16 aras�nda
yer alan (ortalama 13.9 ± 1.4), cerrahi tedavileri
için 3. jenerasyon entrümantasyon sistemi kulla-
n�lan ve takiplerinde belirgin s�rt a¤r�s� yak�nmas�
olan ve bu nedenle implantlar� sadece hastalar�n
kendi istekleri nedeniyle ç�kart�lan ve Lenke tip 1
e¤rili¤e sahip 30 hasta bu çal�ßmaya dahil edil-
mißtir. Bu hastalar implant ç�kart�lmas�ndan itiba-
ren minimum iki y�l (ortalama 42.3 ± 8.2 ay) süre

ile takip edilmißlerdir. 15�er hastadan olußan,
implantlar� 2 veya 3. y�l içinde ç�kart�lan (1. Grup)
ve 4. y�l içinde veya daha geç ç�kart�lan (2. Grup)
iki grup teßkil edilmißtir. Bu iki grubun yaß ortala-
mas� (13.8 ± 1.4 ve 14.1 ± 1.3, t: 0.61, p > 0.01),
kad�n / erkek oran� (7/8 ve 7/8), preoperatif (51.6°
± 10.6°  ve 52.6° ± 7.7°, t: 0.29, p > 0.01) ve pos-
toperatif  frontal plandaki e¤rili¤in Cobb aç�lar�
(9.4° ± 6.3° ve 9.8° ± 7.0°, t: 0.16, p > 0.01), kor-
reksiyon oranlar� (% 82.8 ± 8.7 ve % 82.5 ± 10.4,
t: 0.09, p > 0.01) ve korreksiyon kay�plar�n�n (3.5º
± 3.2° ve 2.5° ± 3.3°, t: 0.84, p > 0.01)  ve pre-
operatif (18.7° ± 24.3° ve 21.1° ± 17.1°, t: 0.31, p
> 0.01) ve postoperatif torakal kifoz aç�lar� (37.2°
± 5.9° ve 34.5° ± 8.3°, t: 1.22, p > 0.01) istatistiki
olarak benzer oldu¤u belirlenmißtir. Her iki grup-
ta da hastalarda postoperatif enfeksiyon, implant
yetmezli¤i, nörolojik defisit gibi bir komplikasyona
rastlanmam�ßt�r. Her iki grubun postoperatif ve
son kontroldeki a¤r�, fonksiyon, mental durum ve
sel-image ve tedaviden tatmin olma domainleri
ve bu skorlar�n toplam�ndan olußan toplam SRS-
22 anket sonuçlar� mukayese edilmißtir. Posto-
peratif ve son kontrolde, s�ras�yla toplam SRS-22
skorlar�n�n, 1. grupta 19.89 ± 1.24 ve 21.03 ±
1.22, 2. grupta 20.28 ± 1.38 ve 20.65 ± 1.37 ol-
du¤u saptanm�ßt�r (p: 0.0). Her iki grupta da self
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image, mental status domainlerinde istatistiki ola-
rak anlaml� bir de¤ißme görülmemiß, a¤r�, fonksi-
yon ve tedaviden tatmin domainlerinde iyileßme
oldu¤u, bu iyileßmenin ise implantlar� daha erken
ç�kart�lan 1. grrupta daha fazla oldu¤u belirlen-
mißtir. Ayr�ca, SRS-22 anket sonuçlar� ile impl-
mant ç�kart�lma zaman� aras�nda istatistiki olarak
anlaml� bir korelasyon oldu¤u da tespit edilmißtir.
Bu görüßlerin �ß�¤� alt�nda, Lenke Tip I  idiopatik
skolyoz hastalar�nda, füzyon kitlesi gelißtikten
sonra, hasta da istiyorsa implantlar�n 4. y�ldan
önce ç�kart�lmas�, hastan�n özellikle a¤r� yak�n-
malar�n�n azalt�lmas� ve fonksiyonlar�n�n art�r�l-
mas� yönünden klinik sonuçlar� olumlu etkiledi¤i
fikri elde edilmißtir.

Anahtar Kelimeler: Skolyoz, cerrahi tedavi,
SRS-22 anketi, enstrümantasyon.

ABSTRACT

Due to new morbidity risk, implant removal is
not preferred by surgeons until the development
of fusion, which takes about 9 to 12 months, un-
less implant fails, a similar complication develops
or the patient requests. The effect of implant re-
moval on clinical outcomes has not been previ-
ously investigated. For this purpose, 30 patients
with Lenke type I adolescent idiopathic scoliosis
(age range: 12-14 at the time of corrective sur-
gery) treated with a third generation instrumenta-
tion system, experiencing apparent back pain at

follow-up examinations and had their implants re-
moved upon their request were included in this
study. These patients were followed-up for a mi-
nimum of two years (mean 42.3 ± 8.2 months) af-
ter implant removal. Patients were assigned into
two groups based on the timing of implant remo-
val: at the second or third year (Group 1, n=15),
and at the fourth year or later (Group 2, n=15).
Groups were similar in terms of all preoperative
and postoperative parameters (p>0.05). None of
the patients had complications like post-operati-
ve infections, implant failure, and neurological
deficits. Results of early post-operative and final
follow-up visits SRS-22 questionnaires are com-
pared between groups. Total SRS-22 scores we-
re 19.89±1.24 and 21.03±1.22 in Group 1 and
20.28±1.38 and 20.65±1.37 in Group 2, respec-
tively (p:0.0). No statistically significant change
was observed in terms of self image and mental
status domains in either of the groups, however,
improvements was detected in terms of pain,
function and treatment satisfaction domains. Our
findings suggest that in patients with Lenke Type
I idiopathic scoliosis, removal of implants before
the forth year upon the request of the patient re-
duces pain and increases functions, provided the
fusion has been developed. 

Key Words: Scoliosis, surgical treatment,
SRS-22 questionnaire, instrumentation.
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INTRODUCTION

During the last decade, the three-plane defor-
mity concept of idiopathic scoliosis has led to the
evolution of spinal instrumentations correcting
the deformity in all three planes. Multiple level fi-
xation with wires or hooks at strategic vertebrae,
double rods and transverse connecting devices
have become the state-of-the-art technology in
addressing this complex problem (3,14-18). Multiple
hook applications to the strategic vertebrae,
�claw� applications to the proximal and distal part
of the curve, new locking mechanisms and imp-
roved transverse connectors made these
systems biomechanically safer and led higher
correction rates to be achieved (26).

The most significant late complications of
adolescent idiopathic scoliosis include implant fa-
ilure, correction losses, deep infection and pse-
udoarthrosis (26). The removal of implant is not
suggested unless these complications have oc-
curred. Bago et al. reviewed the survival for Cot-
rel�Dubousset instrumentation performed to 133
idiopathic scoliosis cases operated between
1987 and 1995. After a 10 year period, the imp-
lant was removed due to implant failure only in
23.5 % of the patients. Authors also suggested a
strong correlation between implant failure and
preoperative planning (11).

Another major reason for implant removal is
the presence of postoperative infection. Debride-
ment and antibiotics are usually successful for
the treatment of early postoperative infection and
implant removal is often not required (14,26). Benli et
al. reported that they found early superficial infec-
tion following posterior corrective surgery with
Texas Scottish Rite instrumentation in 5 patients
and they removed the implants due to deep in-
fection in 3 patients in their idiopathic scoliosis
series of 217 patients (12). Muschik et al. reported
easy wound healing in late infections following
implant removal at the expense of a decreased

chance of surgical corrective revision (18). Hahn
and Zbinden reported deep infection caused by
propionibacterium acnes in 6.9% of their 101
operated adolescent idiopathic scoliosis patients.
They successfully eradicated infections by remo-
ving implants and use of antibiotics (23).

Regarding the long term results of the idiopat-
hic scoliosis, it seems that idiopathic back pain is
one of the most important problems (14,26). The most
significant cause of pain at early phases seems to
be the injury of paravertebral muscles, in these pa-
tients undergoing aggressive surgery (22). The se-
cond possible mechanism may be related to the
metal disease seen in total hip replacements,
which may lead to late back pain. In their study
published in 2001, Gaine et al. clinically and histo-
pathologically demonstrated that the most impor-
tant cause of the late back pain was the metal ac-
cumulation around the cross links used to const-
ruct a rigid frame (19). 

In the literature, there is no study on implant
removal due to back pain and subsequent clini-
cal findings. In the present study, we prospecti-
vely followed 30 patients operated for idiopathic
scoliosis with posterior third generation instru-
mentation who developed severe idiopathic back
pain during the postoperative period. The pre-
sent study is the first study on this particular sub-
ject. Furthermore, the effect of the timing of imp-
lant removal was also assessed by categorizing
the patients into two groups based on the timing
of removal: at the second or third year vs. forth
year or later.

The public surveys on preoperative and pos-
toperative self-image, pain, function and the
mental status of the patients with idiopathic sco-
liosis 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
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used ones in recent years(6-10,22,33-36). In the present
study, Turkish version of SRS-22 questionnaire
adapted and validated by Alanay et al. was used
to evaluate the effect of implant removal on back
pain, function and patient satisfaction level (1).

PATIENTS AND METHODS:

Thirty adolescent idiopathic scoliosis patients
operated by Dr. Benli in SSK Ankara Diskapi Tra-
ining Hospital between 1994 and 2001 for the
correction of Lenke Type I (Flexible right thoracic
scoliosis) deformity were included in the present
study. Texas Scottish Rite Hospital system was
used for all patients. These patients had admitted
to the hospital for severe back pain after at least
one year following surgery. The average time to
hospital admission for back pain after corrective
surgery was 33.1 ± 16.1 months (14-58 months).
Implant failure, pseudoarthrosis and infection we-
re excluded by clinical, laboratory, electrophysi-
ological and radiological examinations. After eli-
mination of any possibilities of organic causes,
idiopathic back pain was attributed to the implant,
as also claimed by the patients. Implant removal
was planned following necessary routine labora-
tory examinations and consultations. 

In prone position, entering from the previous
incision scar, muscles were exposed gently and
implants were achieved. Implants were removed
and fusion area was examined carefully, and al-
so the presence of any pseudoarthrosis area was
searched thoroughly. Intraoperatively, combined
SEP and MEP monitoring and cell saver autot-
ransfusion device were used. Antibiotic prophyla-
xis was initiated with 1 gram of a first generation
parenteral cephalosporin one hour before the
operation and maintained with 0.5 gram BID for
two days. Approximately 1.8 ± 1.2 unit of blood
was transfused to the patients. Culture specimen
was obtained from the operation area and biopsy
was taken from the fusion area. Thereafter, the

layers were closed in order. Postoperatively on
the first day the patients were mobilized. On the
fifth day postoperatively, patients were dischar-
ged from the hospital. Their sutures were taken
at Day 12 and they were called back for follow up
visits at 3rd, 6th and 12th months. The final fol-
low-up visits were done in June 2005. At these vi-
sits patients were evaluated clinically and radi-
ologically.

Preoperatively and at the end of follow up,
SRS-22 questionnaire was administered. It had
pain, function, mental state, self-image and treat-
ment satisfaction domains. Each of the first four
domains had 5 questions whereas treatment sa-
tisfaction domain had 2 questions. Each question
was scored over 5 points and total score was di-
vided to 5 for each domain to obtain domain sco-
re; and total score for questionnaire was evalu-
ated over 22 points.

In addition, in this study patients were catego-
rized into two groups on the basis of time to pos-
toperative implant removal in order to assess the
effect of timing on clinical outcomes. Group 1 and
2, each included 15 patients, had implant remo-
val at the 2nd/3rd  year and 4th year or later, res-
pectively. Groups were compared with respect to
age, gender, preoperative and postoperative
Cobb angle of the curve at frontal plane, correc-
tion rates, correction losses and preoperative
SRS-22 questionnaire score. Then the effect of
implant removal timing on the clinical outcomes
was assessed by comparing the questionnaire
scores at the end of follow up.

SPSS for Windows 9.0 software was used for
the statistical analyses. "Significancy test of the
difference between two pairs" and "student t-test"
were applied. A p value <0.01 was considered
significant.

4

Türk Omurga Cerrahisi Dergisi



RESULTS:

The mean age of patients at the time of cor-
rective surgery and at the time of implant remo-
val was 13.9 ± 1.4 years (range 12 - 16 y) and
15.9 ± 2.4 y (range 14-18 y), respectively. Fema-
le to male ratio was 14:16. The mean time from
corrective surgery to implant removal was 33.1 ±
16.1 months, and the mean follow up period was
42.3 ± 8.2 months (minimum 2 years of follow-
up). 

- Frontal and Sagittal Plane analysis befo-
re and after corrective surgery:

When all patients were included in the analy-
sis before corrective surgery, the mean Cobb
angle for the curves at the frontal plane was
52.1° ± 9.1° and they were reduced to 9.6° ± 6.6°
postoperatively, resulting in a statistically highly
significant mean improvement of 82.7% ± 9.4%
(t: -3.6, p= 0.001) (Table -1). At the last follow-up
visit before implant removal, when all patients
were included in the analysis, a correction loss of
3.0° ± 3.2° was seen in the scoliotic curve and a
statistically significant improvement of the mean
Cobb angles (13.1° ± 6.8°) was obtained compa-
red to preoperative values (t: 32.1, p < 0.001).

When all patients were included in the analy-
sis for sagittal plane, mean thoracal kyphosis
angle, which was 19.9° ± 20.7° before corrective
surgery significantly improved to 36.1° ± 7.3°
postoperatively (t: -3.6, p= 0.01). At the last visit
before implant removal, there was a minimal loss
and mean thoracal kyphosis angles were mainta-
ined as 35.8° ± 8.5° (Table-1).

� The assessment of patients before and
after implant removal:

All patients were suffering from severe back
pain before implant removal surgery and there
were no findings suggesting infection, implant fa-

ilure or pseudoarthrosis in the preoperative clini-
cal, radiological and laboratory evaluations. Pati-
ents described their pains as localized on the pa-
ravertebral region, unresponsive to medical treat-
ment, partially relieved by rest, usually blunt and
occasionally penetrating.

No signs of infection or pseudoarthrosis were
found during the implant removal operation. The-
re was no growth in the cultures obtained from
painful area and no pathology was found in biop-
sies taken from fusion area. The only notable fin-
ding was the relatively thickened fibrous tissue
particularly around the rods and cross link plates,
and the darkening of this tissue with the appe-
arance of metal residue. Histopathological exa-
mination of this fibrous tissue revealed phagocy-
tic metal inclusions.

No early or late complications occurred during
and after implant removal and in the follow up pe-
riod. No infection or neurological deficit was ob-
served.

� End of follow-up evaluation:

In the end of follow-up evaluation following the
removal of implants, frontal X-rays revealed  a
2.1° ± 2.0° correction loss after a mean duration
of 42.3 ± 8.2 months, and the final improvement
rates (81.8% ± 8.6%) were statistically similar to
the improvement rates obtained after corrective
surgery (p > 0.05). Also, similar improvement ra-
tes were obtained for sagittal plane (mean 34.9°
± 8.6°). 

The mean scores for pain, function, self ima-
ge, mental status, treatment satisfaction domains
of  SRS-22 questionnaire before implant removal
operation were 3.97 ± 0.28, 3.97 ±  0.28, 4.03 ±
0.29, 4.05 ± 0.27 and 4.17 ± 0.24 respectively,
and total score was 20.18 ± 1.24 (Table-2).
When all patients were included, statistically sig-
nificant improvements were found in pain (4.06 ±
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0.66), function (4.12 ± 0.31) and treatment satis-
faction scores (4.38 ± 0.31), whereas no change
was obtained for self image and mental status
domains. Hence, a statistically significant impro-
vement was found in total score (20.84 ± 1.29)
(p< 0.001).

- The effect of timing of implant removal on
clinical outcomes :

Of 30 patients included in this study, in 15 pa-
tients implants were removed at the second and
3rd year following corrective surgery, and in 15
they were removed at the fourth year or later.
These two groups were statistically similar with
respect to follow up duration (t: 0.23, p > 0.01),
mean age at the time of primary operation (t:
0.61, p > 0.01), female to male ratios, Cobb ang-
les before (t: 0.29, p > 0.01) and after (t: 0.16, p
> 0.01) corrective surgery, postoperative correc-
tion rates (t: 0.09, p > 0.01), mean Cobb angles
before implant removal (t: 0.16, p > 0.01), correc-
tion losses (t: 0.84, p > 0.01), mean thoracal
kyphosis angles before corrective surgery (t:
0.31, p > 0.01), mean thoracal kyphosis angles
postoperatively (t: 1.22, p > 0.01) and before
implant removal (t: 1.19, p > 0.01) (Table-1). 

Regarding preoperative SRS-22 domains be-
fore implant removal operation, both groups had
statistically similar scores with respect to pain
(3.86 ± 0.28 vs. 4.01 ± 0.32), function (3.91 ±
0.27 vs. 3.97 ± 0.33), self image (3.99 ± 0.33 vs.
4.03 ± 0.29), mental status (3.99 ± 0.26 vs.  4.07
± 0.29), treatment satisfaction level (4.15 ± 0.22
vs. 4.19 ± 0.27) and total score (19.89 ± 1.24 vs.
20.28 ± 1.38) (p> 0.05) (Table-2). 

These two groups with similar clinical and ra-
diological characteristics and same number of
patients were clinically compared at the end of
follow-up visit after implant removal operation.

Their SRS-22 scores were also compared (Tab-
le-2). Thus, it was shown that statistically similar
results were obtained in all domains. Although
there were favorable increases in most individual
scores and in total scores at the last visit compa-
red to the assessments before implant removal in
both groups, improvement in group 1 was greater
in terms of pain scores (Table - 2).

DISCUSSION :

Instrumentation systems, first introduced with
Harrington Rod system in 1960s, are commonly
used in the surgical treatment of adolescent idi-
opathic scoliosis, basically in order to protect the
fusion field until solid fusion formation, to elimina-
te need for external immobilization (such as a
plaster body cast) and the possible related prob-
lems, and to enable early movement and rehabi-
litation(14,26). As yet, metallurgic and biomechanical
instrumentation systems have highly developed.
These implant systems have been evaluated in
terms of rigidity and biomechanical endurance.
Many papers related to high three-dimensional
correction and increased fusion rates were repor-
ted upon introduction of the third generation inst-
rumentation systems (3,14-18,22,26).

During recent two decades, several methods
have been applied for better correction, especi-
ally for scoliosis, which is accepted as a cosme-
tic deformity. Combined surgical procedures,
such as posterior instrumentation following ante-
rior releasing of rigid curves, are among these
(14,26). Fixation of each level of the curve by trans-
pedicular screws and augmentation through sub-
laminar wiring are the other methods used for the
same purpose (13,24).

In recent years, long-term results of these sur-
gical techniques applied in scoliotic patients de-
monstrated that, despite high patient satisfaction
rate, there are still problems about these techni-
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ques, especially with regard to pain and functi-
on(22,25,27). Subjective patient response questionna-
ires, such as SRS-22, are commonly and incre-
asingly used for the evaluation of clinical results.
These studies appear to support surgical suc-
cess in the long-term (2,4-10).

Asher et al. reported in their studies that in idi-
opathic scoliosis patients treated with Isola inst-
rumentation, the self-imaging scores raised at
3rd and 24th months while the function scores lo-
wered at the 3rd month, returned to the baseline
at the 6th month and raised again at the 24th
month. They also found a reverse correlation bet-
ween postoperative curve magnitude and the
scores(7,8). White et al. reported the effect of fusi-
on rates on pain scores, and Peres Gruesco et
al. demonstrated in their CD instrumented 10 ye-
ar follow-up study that the changes causing pain
was not different than the normal population(35-36).
Takahashi et al reported 23 % degenerative
change rate at the un-instrumented lumbar site
during five to nine years follow-up(34). White et al.
reported an improvement in functional scores
with surgery (36). 

As the follow-up period got longer and the pa-
tients� ages got older, the satisfaction from the
treatment increased in the study of Rinella et al.,
however, the final curve status did not correlate
with the satisfaction level (33). Asher et al. could
not find a relation between the trunk deformity at
the last follow-up visit and the treatment satisfac-
tion level (4). Haher et al. also reported that the ra-
diological status did not correlate with the satis-
faction level (22).

Review of the studies with long term results
demonstrates that pain complaints of the patients
are mainly caused by infection, pseudoarthrosis
and implant failure (26). 

One of the main causes of aseptic loosening
and pain in total hip replacement procedures is
defined as a metal disorder resulting from metal

deposits. Gaine et al. suggested that, especially
due to axial plan compulsions and rotational for-
ces, metal accumulation takes place around
crosswise connections and this is the main cause
of pain with unknown origin (19). In this study, the
cause of pain in these 30 idiopathic scoliosis pa-
tients with severe idiopathic back pain without
any clinically, biochemically, or radiologically
identified cause such as implant failure, infection,
or pseudoarthrosis, may be metal dust deposits,
as also suggested by Gaine et al. Our previous
observations also support this explanation. In or-
der to ensure patient homogeneity, only Lenke
Type I-A cases were enrolled into this study. Af-
ter removal of the implants, initially metal depo-
sits are seen macroscopically, then this finding
was confirmed histopathologically. Based on our
results, a firm conclusion may not be drawn re-
garding the mechanism how metal deposition le-
ads to pain formation. However, inflammation,
phagocytic activity and subsequent release of
pain mediators appear to be the most reasonab-
le explanation.

Removing an implant is often considered when
there is an implant failure or infection. 10-year sur-
vey studies have demonstrated that only one fifth of
the implants used in surgical scoliosis therapy are
removed. Our literature search failed to identify any
study investigating the effect of removing implants
on clinical results. Implants were removed in these
patients with severe idiopathic back pain, conside-
ring this procedure would eliminate the possibility of
a permanent metal disorder. Implants were remo-
ved average 33.1 months after corrective surgery
and clinical results were evaluated after a mean du-
ration of 42.3 months. At the end of this period, a
minimal - and less than when implants were in pla-
ce - correction loss (2.1° ± 2.0°) was observed; and
corrections were maintained at both frontal and sa-
gittal planes, due to the development of solid fusion
mass.
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Statistically significant improvement was de-
tected in SRS-22 query scores, including pain,
function, mental status, self-image, and satisfac-
tion domains, at the last follow-up visit compared
to the preoperative period. Total score was incre-
ased from 20.18 ± 1.24 to 20.84 ± 1.29. These
data appear to support the hypothesis that remo-
ving implants is favorably affecting clinical outco-
mes.

In addition, the possible effect of implant re-
moval timing on clinical outcomes was also in-
vestigated. We could not also find any previous
study investigating this subject. Two groups each
with 15 patients were formed on the basis of the
timing of implant removal, either in the second
and 3rd postoperative year or at the fourth year
and later. All clinical and radiological features of
these two groups were statistically similar before
and after corrective surgery and at the visit just
before the removal of the implants. SRS-22 qu-
ery results were also similar for these two groups
for all domains at the final visit after the removal
of implants. Although these results suggest that
the timing of implant removal is not important in
terms of clinical outcomes, patients in group 1
(earlier removal) had higher scores for pain, func-
tion and satisfaction domains compared to group
2 (later removal).

These findings suggest that, removal of imp-
lants before the 4th year, even upon the request
of the patient, favorably affects the outcome in
Lenke Type I idiopathic scoliosis patients, parti-
cularly in terms of pain complaints and function,
provided that fusion has been developed.

REFERENCES
1- Alanay A, Cil A, Berk H, Acaro¤lu RA, Yaz�c� M,

Akcal� O, Kosay C, Genc Y, Surat. Reliability and
validity of adapted Turkish version of Scoliosis Re-
search Society-22 (SRS-22) questionnaire. Spine
2005; 30 (21): 2464-2468.

2- Antuno SA, Mendez JG, Lopez - Fanjul JC, Paz -
Jimenez J. Cotrel-Dubousset instrumentation in
idiopathic scoliosis at 5 - year follow - up. Acta Ort-
hop Belg 1997; 63:74-81.

3- Ashman RB, Herring JA, Johnston CE. Texas
Scottish Rite Hospital (TSRH) Instrumentation
System. In: Bridwell KH, DeWald R (Eds) The
Textbook of Spinal Surgery, JB Lippincott Com-
pany, Philadelphia, 1992; pp: 219-248.

4- Asher M, Min Lai S, Burton D, Manna B. Spine de-
formity corraletes beter than trunk deformity with
idiopathic scoliosis patients� quality of life question-
naire responses. Stud Health Technol Inform
2002; 91: 462-464.

5- Asher M, Min Lai S, Burton D, Manna B. The reli-
ability and concurrent of the scoliosis research so-
ciety � 22 patient questionnaire for idiopathic sco-
liosis. Spine 2003; 28 (1) : 36-69.

6- Asher M, Min Lai S, Burton D, Manna B. Scoliosis
research society � 22 patient questionnaire : res-
ponsiveness to change associated with surgical
treatment. Spine 2003; 28 (1): 70-73.

7- Asher M, Min Lai S, Burton D, Manna B. Discrimi-
nation validity of the scoliosis research society � 22
patient questionnaire : relationship to idiopathic
scoliosis curve pattern and curve size. Spine 2003;
28 (1): 74-78.

8- Asher M, Min Lai S, Burton D, Manna B. The influ-
ence of spine and trunk deformity on preoperative
idiopathic scoliosis patients� health-related quality
of life questionnaire responses. Spine 2004; 29 (8)
: 861-868.

9- Asher M, Lai SM, Burton D, Manna B, Cooper A.
Safety and efficacy of Isola instrumentation and
arthrodesis for adolescent idiopathic scoliosis: two-
to 12-year follow-up. Spine 2004; 29 (18): 2013-
2023.

10- Bago J, Climent JM, Ey A, Perez-Grueso FJ, Izqu-
ierdo E . The spanish version of the SRS-22 pati-
ent questionnaire for idiopatic scoliosis: transcultu-
ral adaptation and reliability analysis. Spine 2004;
29 (15): 1676-1680.

11- Bago J, Ramirez M, Pellise F, Villanueva C. Survi-
voship analysis of Cotrel � Dubousset instrumen-
tation in idiopathic scoliosis. Eur Spine J 2003;
12(4) : 435-439.

9

The Journal of Turkish Spinal Surgery



12- Benli IT, Akal�n S, K�s M, C�tak M, Ayd�n E, Duman
E. Frontal and sagittal balance analysis of late on-
set idiopathic scoliosis treated with third generation
instrumentation. Kobe J Med Sci 2001; 47: 231-
253.

13. Benli IT, Büyükgüllü O, Altug T, Akal�n S, Ateß B,
Kurtuluß B. Augmentation of third generation inst-
rumentation with sublaminar titanium wiring in late
onset idiopathic scoliosis. The Surgical Results
and Analysis of Trunk Balance. Kobe J Med Sci,
2004; 50 (3-4): 83-100.

14- Bridwell KH. Spine update. Surgical treatment of
adolescent idiopathic scoliosis: the basics and the
controversies. Spine 1994; 19:1095-1100.

15- Bridwell KH. Spinal instrumentation in manage-
ment of adolescent idiopathic scoliosis. Clin Ort-
hop Rel Res 1997; 335: 64-72.

16- Bridwell KH, Hanson DS, Rhee JM, Lenke LG,
Baldus C, Blanke K. Correction of thoracic adoles-
cent idiopathic scoliosis with segmental hooks,
rods, and Wisconsin wires posteriorly: it�s bad and
obsolete, correct? Spine 2002; 27 (18): 2059-
2066.

17- Chopin D, Morin C. Cotrel-Dubousset instrumen-
tation (CDI) for adolescent and pediatric scoliosis.
In: Bridwell KH, DeWald RL (Eds) The Textbook of
Spinal Surgery. JB Lippincott Company, Philadelp-
hia, 1992; pp: 183-217.

18- Dubousset J, Cotrel Y. Application technique of
Cotrel-Dubousset Instrumentation for scoliosis
deformities. Clin Orthop Rel Res 1991; 264: 103-
110.

19- Gaine WJ, Andrew SM, Chadwick P, Cooke E,
Williamsson JB. Late operative site pain with isola
posterior instrumentation, implant removal : infec-
tion or metal reaction? Spine 2001; 26 (5): 583-
587.

20- Gotze C, Liljenqvist UR, Slomka A, Gotze HG, Stein-
beck J. Quality of life and back pain : outcome 16.7
years after Harrington instrumentation. Spine 2002; 27
(13): 1456-1463.

21- Haher TR, Merola A, Zipnick RI, Gorup J, Mannor D,
Orchowski J. Meta-analysis of surgical outcome in
adolescent idiopathic scoliosis. A 35-year English
literature review of 11,000 patients. Spine 1995; 20
(14): 1575-1584.

22- Haher TR, Gourup JM, Shin TM, Homel P, Merola
AA, Grogan DP, Pugh L, Lowe TG, Murray M.
Results of the Scoliosis Research Society inst-
rument for evaluation of surgical outcome in
adolescent idiopathic scoliosis. A multicenter study
of 244 patients. Spine 1999; 24 (14): 1435-1440.

23- Hahn F, Zbinden R, Min K. Late implant infection
caused by propionibacterium acne ich scoliosis
surgery. Eur Spine J 2005; 14 (8): 783 � 788.

24- Halm H, Niemeyer T, Link T, Liljenqvist U. Seg-
mental pedicle screw instrumentation in idiopat-
hicthoracic and lumbar scoliosis. Eur Spine J 2000;
9 (3): 191-197.

25- Helenius I, Remes V, Yrjonen T, Ylikoski M,
Schlenka D, Helenius M, Poussa M. Comparison
of long-term functional and radiologic outcomes af-
ter Harrington instrumentation and spondylodesis
in adolescent idiopathic scoliosis: a review of 78
patients. Spine 2002; 27 (2): 176-180.

26- Herring JA.Tachdjian�s Pediatric Orthopaedics. 3rd
Ed. WB Saunders Company, Philadelphia, 2002;
pp: 326.

27- Merola AA, Haher TR, Brkariç M, Panagopoulos
G, Mothur S, Kohani U, Lowe TG, Lenke LG, Wen-
ger DR, Newton PO, Clements DH, Betz RR. A
multicenter study of the outcomes of the surgical
treatment of adolescent idiopathic scoliosis using
the Scoliosis Research Society (SRS) outcome
instrument. Spine 2002; 27 (18): 2046-2051.

28- Muschik M, Lück W, Schlenzka D. Implant removal
for late � developing infection after instrumentation
and posterior spinal fusion ffor scoliosis : reinst-
rumentation reduction and correction. A retrospec-
tive analysis of 45 cases. Eur Spine J 2004; 13 (7):
645-651.

29- Perez-Grueso FS, Fernandez-Baillo N, Arauz de
Robles S, Garcia Fernandez A. The low lumbar
spine below Cotrel-Dubousset instrumentation:
long term findings. Spine 2000; 25 (18): 2333-
2341.

30- Remes V, Helenius I, Schlenzka D,Yrjonen T,
Ylikoski M, Poussa M. Cotrel�Dubousset (CD) or
Universal Spine System (USS) instrumentation in
adolescent idiopathic scoliosis (AIS): comparison
of midterm clinical, functional, and radiologic out-
comes. Spine 2004; 29 (18) : 2024-2030.

10

Türk Omurga Cerrahisi Dergisi



31- Richards BS, Birch JG, Herring JA, Johnston CE,
Roach JW. Frontal plane and sagittal plane balan-
ce following Cotrel-Dubousset instrumentation for
idiopathic scoliosis. Spine 1989; 14:733-737.

32- Richards BS, Herring JA, Johnston CE et al. Treat-
ment of adolescent idiopathic scoliosis using
Texas Scottish Rite Hospital Instrumentation.
Spine 1994; 19:1598-1605.

33- Rinella A, Lenke L, Peelle M, Edwards C, Bridwell
KH, Sides B. Comparison of SRS questionnaire
results submitted by both parents and patients in
the operative treatment of idiopathic scoliosis.
Spine 2004; 29 (3): 303-310.

34- Takahashi S, Delecrin J, Passuti N. Changes in
the unfused lumbar spine in patients with idiopat-
hic scoliosis. A 5- to 9-year assessment after Cot-
rel-Dubousset instrumentation. Spine 1997; 22 (5):
517-523.

35- White SF, Asher MA, Lai SM, Burton DC. Patients�
perceptions of overall function, pain, and ap-
pearanca after primary posterior instrumentation
and fusion for idiopathic scoliosis. Spine 1999; 24
(16): 1693-1699.

36- White SF, Asher MA, Lai SM, Burton DC. Patients�
perception of overall function, pain, and appearan-
ce after primary posterior instrumentation and
fusion for idiopathic scoliosis. Discussion. Spine
1999; 24 (16): 1699-1700.

11

The Journal of Turkish Spinal Surgery



12


