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Right adolescent idiopathic thoracic curve (Lenke 1 A and B):
does cost of instrumentation and implant density improve
radiographic and cosmetic parameters?
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Abstract In adolescent idiopathic scoliosis (AIS) there has

been a shift towards increasing the number of implants and

pedicle screws, which has not been proven to improve cos-

metic correction. To evaluate if increasing cost of instru-

mentation correlates with cosmetic correction using clinical

photographs. 58 Lenke 1A and B cases from a multicenter AIS

database with at least 3 months follow-up of clinical photo-

graphs were used for analysis. Cosmetic parameters on PA

and forward bending photographs included angular mea-

surements of trunk shift, shoulder balance, rib hump, and ratio

measurements of waist line asymmetry. Pre-op and follow-up

X-rays were measured for coronal and sagittal deformity

parameters. Cost density was calculated by dividing the total

cost of instrumentation by the number of vertebrae being

fused. Linear regression and spearman’s correlation were used

to correlate cost density to X-ray and photo outcomes. Three

independent observers verified radiographic and cosmetic

parameters for inter/interobserver variability analysis. Aver-

age pre-op Cobb angle and instrumented correction were 54�
(SD 12.5) and 59% (SD 25) respectively. The average number

of vertebrae fused was 10 (SD 1.9). The total cost of spinal

instrumentation ranged from $6,769 to $21,274 (Mean

$12,662, SD $3,858). There was a weak positive and statis-

tically significant correlation between Cobb angle correction

and cost density (r = 0.33, p = 0.01), and no correlation

between Cobb angle correction of the uninstrumented lumbar

spine and cost density (r = 0.15, p = 0.26). There was no

significant correlation between all sagittal X-ray measure-

ments or any of the photo parameters and cost density. There

was good to excellent inter/intraobserver variability of all

photographic parameters based on the intraclass correlation

coefficient (ICC 0.74–0.98). Our method used to measure

cosmesis had good to excellent inter/intraobserver variability,

and may be an effective tool to objectively assess cosmesis

from photographs. Since increasing cost density only

improves mildly the Cobb angle correction of the main tho-

racic curve and not the correction of the uninstrumented spine

or any of the cosmetic parameters, one should consider the

cost of increasing implant density in Lenke 1A and B curves.

In the area of rationalization of health care expenses, this study

demonstrates that increasing the number of implants does not

improve any relevant cosmetic or radiographic outcomes.
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Introduction

Preferred instrumentation for adolescent idiopathic scoli-

osis (AIS) remains controversial. Surgical correction is
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classically indicated for progressive curves more than 40�
in the skeletally immature patient. Until recently, the use

of hooks/hybrid instrumentation has been the most

accepted method implemented to achieve correction of

AIS [1].

Over the past decade, pedicle screw instrumentation

has gained popularity. Studies have supported the clinical

advantages of all pedicle screw constructs for Cobb angle

correction versus conventional hook instrumentation [2].

However, pedicle screw instrumentation raises safety

concerns including screw misplacement, neurologic, and

vascular injuries [3, 4]. Additionally, cost is a concern.

While Kim et al. aptly demonstrate increased cost asso-

ciated with all pedicle screw instrumentation versus

hooks and hybrids, they do mention that mixed con-

structs may lead to higher revision rate due to loss of

fixation.

Cosmesis remains one of the most important outcomes

for patients suffering from scoliosis [5–8]. While

improved radiographic Cobb angle correction may be

achieved with surgery, this does not necessarily transfer

into improved cosmetic outcome. Evidence suggests that

it is possible to reliably quantify cosmetic outcome in

spite of its apparent subjective nature regardless of the

curve type [7].

Several studies have attempted to evaluate postoperative

cosmetic outcome with various assessment instruments

[7, 9, 10]. While most surgeons agree on the importance of

evaluating the postoperative decrease in cosmetic defor-

mity, there continues to be little consensus on the most

uniformly reliable way to do so [11]. Studies have dem-

onstrated the utility of an automated stereophotogram-

metric technique (ISIS) [12, 13] as well as Moire

topography [9, 14] which perhaps due to time constraints in

the routine clinic setting or high cost of equipment have not

been widely adopted. There is a need for development of a

simple, time and cost effective method to evaluate cos-

metic outcome in AIS.

In the current health care environment focused on con-

trolling cost, previous studies have not considered the

relationship between cost density of instrumentation and

cosmetic outcome. Recent surgical techniques have

focused on improving angular correction and improving

patient function. Increased implant density of pedicle screw

instrumentation has been correlated with increased radio-

graphic Cobb angle correction [15, 16]. However, it is

unclear if increased implant density or cost results in the

improvement of objective cosmetic results. The present

study is designed to analyze the correlation between cost

density and cosmetic outcomes in the surgical treatment of

AIS through objective measurements of cosmetic variables

on clinical photographs and radiographs obtained from an

online scoliosis database.

Materials and methods

Patient selection

We performed a retrospective study of 58 cases of Lenke

1A and 1B thoracic AIS. Institutional review board of the

primary author’s institution approved the study protocol.

The cases for the study were obtained from the online

database Scolisoft, a multi-center database documenting

radiographs, clinical outcomes, and photographs of surgical

cases of AIS [17]. The database was queried for cases of

Lenke 1A and 1B AIS cases, which returned 74 case

results. Cases were included in the study if the data set

included: complete preoperative and follow-up postero-

anterior (PA) and lateral standing X-rays, posterior standing

photographs, and posterior forward bending photographs.

Complete radiographic or photographic data were not

available for 16 cases and thus were excluded from the

study. A total of 58 cases remained for analysis.

Radiographic measurements

Pre-operative and follow-up PA and lateral radiographs

were evaluated for primary curve coronal Cobb angle,

Cobb angle of the uninstrumented spine, and standard

deformity measures for sagittal balance. Deformity mea-

sures of sagittal balance included sagittal Cobb angles for

the levels T5–T12, T10–L2, and T12–S1 as described by

Rhee et al. [18] and the C7 plumbline angle. The C7

plumbline angle was measured from the center of the C7

vertebral body to the center of the posterior superior border

of the S1 vertebral body referenced from a vertical line. An

angle from which the measurement on C7 was anterior to

the measurement on S1 was noted to be a positive value,

and vice versa. The C7 plumbline measurement was

marked as an angle rather than a distance due to inter-case

inconsistencies in magnification for uploaded radiographs

in the database.

Photographic measurements

For each of the cases, preoperative and follow-up posterior

and forward bending photographs were evaluated and

measured for the following criteria: trunk shift, waist line

asymmetry, shoulder balance at the level of the acromion

and axillary fold, and rib hump. All measurements

excluding waist line asymmetry were marked as angles in

order to allow for comparison of photographs with differ-

ing magnification levels. Measurements were performed on

using a photo analysis program Adobe Photoshop CS4 (San

Jose, CA, USA).

Shoulder balance was defined as the angle measured

from the left acromion and axillary fold to the right
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acromion and axillary fold, respectively on a posterior

photograph, as referenced from horizontal (Fig. 1a, b). A

distance measurement of shoulder balance was extrapo-

lated as:

Shoulder balance (cm) = Sine (shoulder balance angle)

� average biacromial distance (cm)

The average biacromial distance for each age was

obtained from anthropometric data of adolescents [19].

To perform a spearman’s rank analysis for improvement

or worsening between preoperative and follow-up photos,

the shoulder balance was then graded as follows: Grade

0 (\1 cm), Grade 1 (1–2 cm), Grade 2 (2–3 cm), Grade

3 ([3 cm) as consistent with that in current literature

[20].

Rib hump was defined as the angle measured from the

apex of the hump of the left rib cage to the apex of the

hump of the right rib cage on a posterior forward bending

photograph, as referenced from horizontal (Fig. 1c, d). Rib

Hump was graded as follows: Grade 0 (\5�), Grade 1

(5–10�), Grade 2 (10–15�), and Grade 3 ([15�). This

grading system is clinically relevant in that 5–7� is the

general screening cutoff for a scoliometer measurement as

proposed by Bunnell et al. [20, 21] which falls within grade

1. For shoulder balance and rib hump, an angle in which

the right side of the body was higher was defined as a

positive value, and vice versa.

Fig. 1 Schematic and photographic measurements. a, b Shoulder

balance: angle from the left acromion and axillary fold to the right
acromion and axillary fold, respectively on a posterior photograph as

referenced from horizontal. c, d Rib hump: angle from the apex of the

left rib cage to the apex of right rib cage on a posterior forward

bending photograph as referenced from horizontal. e, f Trunk shift:

angle from the C7 spinous process to the midpoint of the two

sacroiliac dimples on a posterior photograph as references from

vertical. g, h Waist line asymmetry: a reference line is made on each

side of a posterior photograph from the axillary fold to the iliac crest.

A horizontal measurement is made on each side from the reference

line to the apex of the concavity of the waist. Waist line asymmetry is

the difference of the measurements from the two sides is divided by

the larger of the two measurements (a-a0)/a
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Trunk shift was defined as the angle measured from the

C7 spinous process to the center of the sacrum (at the

midpoint between two sacroiliac dimples) on a posterior

photograph, as referenced from a vertical line (Fig. 1e, f).

An angle in which the C7 spinous process is to the right of

the center of the sacrum is noted to be a positive value, and

vice versa. A distance measurement of trunk shift was

extrapolated as:

Trunk shift (cm) = Sine (trunk shift angle)

� average trunk height (cm)

As with shoulder balance, the average trunk height for

each age was obtained from anthropometric data of

adolescents [19]. Trunk shift was then graded as follows:

Grade 0 (\1 cm), Grade 1 (1–2 cm), Grade 2 (2–3 cm),

and Grade 3 ([3 cm).

Waist line asymmetry was determined as follows: A

reference line is made on each side of a posterior photo-

graph from the axillary fold to the iliac crest. A horizontal

measurement is made on each side from the reference line

to the apex of the concavity of the waist. The difference of

the measurements from the two sides is divided by the

larger of the two measurements, which defines the waist

line asymmetry (Fig. 1g, h).

Determination of cost

The type of instrumentation used for each case was obtained

from the database and confirmed with radiographs. The

total cost of instrumentation for each case was estimated

from the 2009 list pricing of instrumentation from the

manufacturers used in the study (Medtronic and Synthes),

and included the sum of hooks and screws (including dis-

tinction between monoaxial and polyaxial). The cost was

determined as follows: Hook $780, Monoaxial pedicle

screw $967, and polyaxial pedicle screw $1,045. The cost of

rods was not included, as all cases universally used two rods

for which there would have been minimal cost differences.

To allow for comparison of cases with variable number of

fusion levels, the total cost of instrumentation was divided

by the number of vertebrae being fused to determine a cost

density value. The cost density was then used for correlation

with radiographic and photographic measurements.

Statistical analysis

Distribution of variables is given as mean, standard devi-

ation, and range. Interobserver variability of all photo-

graphic measurements were calculated using three

independent observers including two orthopaedic surgery

resident physicians and one spine surgery fellow. Intraob-

server variability of all photographic measurements were

calculated using two separate time points for one observer,

spaced 6 weeks apart between measurements and blinded

to previous measurements. Ten cases were randomly

selected from the 58 cases for variability analysis of all

photographic measurements. The analysis was performed

using the interclass correlation coefficient on SPSS v17

(Chicago, IL, USA).

A linear regression model on SPSS v17 was used to

correlate cost density with all radiographic outcomes and

photographic waist line asymmetry. A spearman’s rank

order correlation was used to correlate cost density with

photographic shoulder balance, trunk shift, and rib hump

outcomes. One-way ANOVA was performed to determine

statistical significance for linear regression correlations,

and two-tailed t test was performed to determine statisti-

cal significance for spearman’s rank order correlations.

Significance was determined at a level of p \ 0.05.

Results

The mean age of the population studied was 14.9 years

(SD 3.1 years, range 10–29 years) with preoperative and

postoperative Cobb mean angles 53.9� (SD 12.5�, range

30�–90�) and 16.8� (SD 8.9�, range 1�–42�) respectively.

Lenke 1A curves represented 69% of the sample, while Lenke

1B curves represented 31%. The total cost of spinal instru-

mentation averaged $12,662 (SD $3,858, range $6,769–

$21,274). The average number of instrumented levels was

10.0 (SD 1.9, range 7–14). The mean follow-up time period

after surgery for radiographic and photographic analysis was

10.7 months (SD 7.7 months, range 3–36 months), and the

median follow up period was 9 months.

The radiographic measurement results are summarized

in Table 1. This study showed that there is a weak positive

and statistically significant correlation between Cobb angle

correction and cost density (r = 0.33, p = 0.01) of the

instrumented spine (Fig. 2). There was however no statis-

tically significant correlation between Cobb angle correc-

tion of the uninstrumented spine and cost density or all

sagittal angles measured.

On all post-operative photographic variables measured

there was no statistically significant correlation between

increasing cost density and change in cosmetic variables

from pre-op to follow-up (Table 2): trunk shift (rho =

-0.16, p = 0.23), Waist line asymmetry (r = -0.03,

p = 0.80), shoulder balance referenced from the acromion

(rho = -0.05, p = 0.74), shoulder balance referenced

from the axillary fold (rho = 0.11, p = 0.41), and rib

hump (r = 0.16, p = 0.23).

There was good to excellent interobserver and intraob-

server variability for all clinical photographic measure-

ments based on the interclass correlation coefficient (ICC)

as shown in Table 2.
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Discussion

Study group

This study was limited to patients with purely right thoracic

major curves to focus the radiographic and photographic

outcomes in a group in which general principles of fusion

and goals of treatment are similar. Many factors must be

considered in surgical correction of AIS curves, including

curve magnitude, curve flexibility, points of fixation, and

the determination of the stable vertebra. Therefore, we

restricted our patient population to study similar curves in

order to compare ‘‘apples to apples.’’ Likewise we wanted

to have a homogenous selection of the distal fusion, as

most Lenke 1A and B curves are fused one or two levels

proximal to the stable vertebra. This was reflected by our

average number of vertebrae being fused as 10 levels and

for most cases representing a fusion from T4 to L1. Current

studies that have evaluated density of instrumentation

included all types of scoliosis curves [15, 16] or correlate

only radiographic parameters with density of instrumenta-

tion in Lenke 1 curves [16].

Radiographic findings

A mild positive correlation exists in this series between

Cobb angle correction and cost density. Several studies

confirm that increased density of instrumentation is corre-

lated with increased coronal correction [15, 16]. D’andrea

et al. [22] have shown that improvement in radiographic

outcomes in AIS, however, does not translate into

improved clinical outcomes as measured by Scoliosis

Table 1 Summary of radiographic results

Variable Preoperative

mean

Preoperative

standard

deviation

Followup

mean

Followup

standard

deviation

Correlation coefficient

(of change of variable

and cost density)

Statistical significance

(of correlation between change

of variable and cost density)

Cobb angle instrumented spine 53.9� 12.5� 16.8� 8.9� r = 0.33 p = 0.01

Cobb angle uninstrumented spine 17.7� 8.0� 7.6� 6.7� r = 0.15 p = 0.26

T12–S1 anglea -50.4� 13.9� -46.9� 13.9� r = 0.11 p = 0.43

T5–T12 anglea 24.8� 12.0� 20.2� 8.4� r = 0.10 p = 0.48

T10–L2 anglea -8.2� 6.0� -7.6� 5.6� r = 0.12 p = 0.38

C7 plumblineb -5.9� 10.4� -6.7� 10.6� r = 0.11 p = 0.42

a For T12–S1, T5–T12, T10–L2 angles, a positive value indicates kyphosis and a negative value indicates lordosis
b For C7 plumbline, an angle from which the measurement on C7 was anterior to the posterior superior body of S1 was noted to be a positive

value, and vice versa

Fig. 2 Correlation between Cobb angle correction and cost density

Table 2 Summary of photographic results

Variable Correlation coefficient

(of change variable

and cost density)

Statistical significance

(of correlation between change

of variable and cost density)

Intraobserver ICCa Interobserver ICCa

Trunk shift Rho = -0.16 p = 0.23 0.92 0.92

Waist line asymmetry r = -0.03 p = 0.80 0.87 0.74

Shoulder balance—from acromion Rho = -0.05 p = 0.74 0.97 0.99

Shoulder balance—from axillary fold Rho = 0.11 p = 0.41 0.97 0.97

Rib hump Rho = 0.16 p = 0.23 0.98 0.98

a ICC value interpretation: C0.75 excellent agreement beyond chance, 0.40–0.74 fair to good agreement beyond chance,\0.40 poor agreement

beyond chance

Eur Spine J (2011) 20:1039–1047 1043

123



Research Society (SRS) questionnaire scores. The clinical

relevance for example of correcting an initial 52� curve to

11� using high pedicle screw density when compared with

14� using lower density screw or hybrid instrumentation

may be marginal. Kim et al., have reported no difference in

SRS-24 follow-up scores between AIS cases instrumented

with hook or hybrid instrumentation as compared to all

pedicle screw instrumentation [2, 23]. Vora et al. [24] have

also shown that when taking into account the preoperative

flexibility of Lenke 1 curves, there was no 2-year follow-up

difference between the adjusted Cobb angle correction

when comparing hook and hybrid to pedicle screw instru-

mentation. Although there are clear benefits of pedicle

screw implantation over other types of instrumentation

including improved coronal cobb correction, decreased

need for anterior release, as well as stable three column

spinal fixation, [2] the use of high density of pedicle screw

instrumentation at every level in treating Lenke 1 A and B

AIS curves is not justified based on the weak positive

correlation between cost density and Cobb angle alone.

The effect of the fusion on the non-instrumented portion

of the lumbar spine may have greater clinical significance

than that of evaluating Cobb angle correction of the

instrumented spine as biomechanical factors may acceler-

ate degeneration of the residual lumbar curve resulting in

back pain and radiographic tilting of the last instrumented

vertebra [25–28]. Increasing cost density in our study had

no effect on the uninstrumented lumbar curve.

Cost density did not have an effect on the sagittal profile

in this series. However, several studies have noted a tho-

racic hypokyphosis and flattening of the normal thoracic

contour with pedicle screw instrumentation [24, 29–32].

Quan et al. [16] have shown that there was a statistically

significant negative correlation between loss of thoracic

kyphosis and the magnitude of coronal curve correction

when all pedicle screw instrumentation is used suggesting

that increasing coronal correction comes at a cost of flat-

tening the thoracic contour. Although the achievement of

overall sagittal balance is desirable, the clinical relevance

of the loss of thoracic contour is not well understood in the

treatment of AIS. If marked hypokyphosis or thoracic

lordosis may have an impact on the respiratory function

later in life, lack of normalization of thoracic kyphosis

remains of unclear significance.

Cosmetic outcome

Trunk deformity in patients with scoliosis has been shown to

significantly influence the patient’s perception of function

and self-image [33–36]. Especially in the adolescent popu-

lation, cosmesis is an important outcome to measure in spinal

deformities. Payne et al. [37] have demonstrated that the

presence of scoliosis is significant risk factor for

psychosocial disturbance in adolescence including increased

suicidal ideation as well as alcohol consumption. A distur-

bance in body image in patients with scoliosis is very com-

mon, and adolescents with AIS are more likely to be

dissatisfied with their appearance when compared with the

general adolescent population [37, 38]. Hence, an assess-

ment of cosmesis is critical in the overall outcome in the

treatment of AIS.

In this study, we measured the cosmetic variables on

clinical photographs of surgical patients of AIS (Fig. 1a–d)

using an image analysis program. Earlier efforts at quan-

tifying cosmesis have been done using ISIS and Moire

topography [9, 12–14]. The advantage of these methods has

been their non-invasive nature as opposed to routine X-ray

use to evaluate deformity progression. However, the

drawback of these methods is that they require additional

equipment and may not suitable for a busy clinic setting.

The multicenter scoliosis database accepts contributions

from multiple practices in which the method of cosmetic

analysis is not standardized. Although the utility of Moire

topography has been validated in several studies, the uni-

versal availability of clinical photographs warrants the

need for a method measurement and analysis based on

photographs alone. Although a formal cost analysis has not

been performed on various methods of cosmetic analysis,

the method used in this study is inexpensive and a reliable

measure of cosmesis with good to excellent interobserver

and intraobserver reliability.

The rib hump deformity is a complex deformity that for

which the convexity of the rib, the posterior concave chest

depression, vertebral rotation, and sagittal profile of the

thoracic spine all contribute. All pedicle screw instru-

mentation has shown to be associated with improved

radiographic derotation of the spine on postoperative

imaging studies than hook-rod instrumentation [39].

However, radiographic derotation of the apex vertebrae has

not been demonstrated to be associated with a decrease in

the amount of clinical rib hump deformity as in our study.

Raso et al. [40] showed that the shoulder balance plays

an important role in the cosmesis of AIS patients. Shoulder

imbalance is an obvious prominent deformity for typical

Lenke 1 curves, in which it is typical to have a right

shoulder elevation. Several studies have reported the phe-

nomenon of a decompensated left shoulder elevation with

instrumentation of the thoracic curve, though mostly in

Lenke 2 curves with proximal fusions [41–43]. Recently

Shufflebarger et al. [44] have shown even in Lenke 1

curves, more proximal instrumentation and increased fusion

levels could lead to decompensated left shoulder elevation.

Our study failed to demonstrate that increased implant

density correlated with increased shoulder imbalance.

Trunk shift and waist line asymmetry are important

cosmetic parameters reflective of the balance of the lumbar
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curve. Our study did not demonstrate any correlation

between cost density and these cosmetic parameters. The

waist line asymmetry can be attributed to a combination of

the trunk shift and the residual lumbar curve. Therefore, the

postoperative waist line asymmetry is dependent on the

fusion selection level and the post instrumented correction

of the lumbar curve. Our results support that increasing

cost density has no significant effect on the cosmetic bal-

ance of the lumbar spine.

Arlet et al. [45] have shown no significant difference in

cosmetic outcome score when medical judges or laypersons

were blinded to the type of instrumentation in a group of

AIS cases, suggesting that overall measurable differences in

cosmetic parameters between different instrumentation

groups may be indistinguishable from a viewer’s assess-

ment. In the present study, we found no significant corre-

lation between the cost density and any of the different

cosmetic variable measured objectively. Therefore, keeping

in view that there is no significant correlation between

cosmetic variable measurements and cost density of

implants, one must consider the overall cost effectiveness of

high density implants in treating AIS right thoracic curves.

Strengths

This paper is the first dealing with post-operative clinical

photographs of patients and objective measurements on the

photographs. The measurement methodology used is a cost

efficient way to perform an analysis of cosmetic outcome,

though is not clinically validated with actual patient or

judge subjective assessment of cosmetic outcome. How-

ever, interobserver and intraobserver variability of the

photographic measurements has been verified to be good to

excellent in this study, suggesting that the photographic

measurements are reproducible and consistent.

Weaknesses

Studies in scoliosis literature generally report at least

2 years of radiographic and clinical outcomes follow up as

standard for surgical cases of AIS, though no common

standard is reported for photographic outcomes. We chose

a minimum of 3 months follow-up clinical photographs

based on available complete data. Furthermore, changes in

patients’ body habitus over the course of 2 years may make

photographic comparison difficult.

Surface topography analysis has been extensively

explored, and found to be a useful adjunct in quantifying

cosmetic defects in AIS. This study does not use surface

topography methods including Moire or ISIS topography to

analyze each patients’ cosmetic outcome, and relies on

two-dimensional measurements from photographic

appearance due to lack of standardization of surface

topography methods amongst multiple international con-

tributors to the scoliosis database. Based on the availability

of photographs, the authors created objective measures of

cosmetic deformity. The measurements made on the pho-

tographs may be prone to minor variability that may not be

clinically significant (i.e. 3.8� vs. 5.1� in shoulder balance),

though have been shown to have excellent interobserver

and intraobserver reliability.

This study is not a formal cost analysis, and does not

include the costs of hospitalization, revision surgery, and

other complications. Furthermore, the study does not adjust

for differences in other variables of surgical techniques and

curve characteristics such as preoperative curve flexibility,

distal level of instrumentation, and anterior release. Never-

theless, Kamerlink et al. have performed an analysis of the

cost of the initial surgery in AIS, and have demonstrated that

implants representing the largest percentage of overall costs

at 29%. The average cost of implants was $9,950 (SD

$6,784), while the average costs of bone graft was $2,041

(SD $1,524). Other major costs included inpatient room costs

(22%), operating room time (9.9%), and bone grafts (6%).

The surgeon’s role in cost remains in controlling implant

density as well as the use of bone grafts. In our study, of 58

cases, 19 iliac crest autografts, 41 local autograft, 3 rib

autografts, 18 bone allograft, and 2 demineralized bone

matrix were used to assist fusion. Bone morphogenic protein

and stem cells were not used on our study to achieve fusion.

The use of adjunctive osteoinductive and osteoconductive

materials to assist bony fusion does increase the cost of the

procedure, though less significantly than implant density.

Conclusions

This study showed that for a similar group of patients with

Lenke 1A and B curves increasing the cost density of

instrumentation does not translate into improving the Cobb

angle of the uninstrumented spine and does not change any

of the cosmetic parameters measured on clinical patient

photographs. In the era of health care rationalization

increasing implant density does not translate into improved

and measurable relevant outcome.

Acknowledgments This study was funded in part by Synthes

through a research salary grant.

Conflict of interest None.

References

1. Cuartas E, Rasouli A, O’Brien M, Shufflebarger HL (2009) Use

of all-pedicle-screw constructs in the treatment of adolescent

idiopathic scoliosis. J Am Acad Orthop Surg 17(9):550–561

Eur Spine J (2011) 20:1039–1047 1045

123



2. Kim YJ, Lenke LG, Kim J, Bridwell KH, Cho SK, Cheh G et al

(2006) Comparative analysis of pedicle screw versus hybrid

instrumentation in posterior spinal fusion of adolescent idiopathic

scoliosis. Spine (Phila Pa 1976) 31(3):291–298

3. Hicks JM, Singla A, Shen FH, Arlet V (2010) Complications of

pedicle screw fixation in scoliosis surgery: a systematic review.

Spine (Phila Pa 1976) 35(11):E465–E470

4. Di Silvestre M, Parisini P, Lolli F, Bakaloudis G (2007) Com-

plications of thoracic pedicle screws in scoliosis treatment. Spine

(Phila Pa 1976) 32(15):1655–1661

5. Asher M, Lai SM, Burton D, Manna B (2004) Maintenance of

trunk deformity correction following posterior instrumentation

and arthrodesis for idiopathic scoliosis. Spine (Phila Pa 1976)

29(16):1782–1788

6. Goldberg CJ, Moore DP, Fogarty EE, Dowling FE (2001)

Adolescent idiopathic scoliosis: the effect of brace treatment on

the incidence of surgery. Spine (Phila Pa 1976) 26(1):42–47

7. Iwahara T, Imai M, Atsuta Y (1998) Quantification of cosmesis

for patients affected by adolescent idiopathic scoliosis. Eur Spine

J 7(1):12–15

8. Negrini S, Grivas TB, Kotwicki T, Maruyama T, Rigo M, Weiss

HR (2006) Why do we treat adolescent idiopathic scoliosis?

What we want to obtain and to avoid for our patients. SOSORT

2005 Consensus paper. Scoliosis 1:4

9. Theologis TN, Jefferson RJ, Simpson AH, Turner-Smith AR,

Fairbank JC (1993) Quantifying the cosmetic defect of adolescent

idiopathic scoliosis. Spine (Phila Pa 1976) 18(7):909–912

10. Zaina F, Negrini S, Atanasio S (2009) TRACE (trunk aesthetic

clinical evaluation), a routine clinical tool to evaluate aesthetics

in scoliosis patients: development from the aesthetic index (AI)

and repeatability. Scoliosis 4:3

11. Donaldson S, Hedden D, Stephens D, Alman B, Howard A,

Narayanan U et al (2007) Surgeon reliability in rating physical

deformity in adolescent idiopathic scoliosis. Spine (Phila Pa

1976) 32(3):363–367

12. Tredwell SJ, Bannon M (1988) The use of the ISIS optical

scanner in the management of the braced adolescent idiopathic

scoliosis patient. Spine (Phila Pa 1976) 13(10):1104–1105

13. Weisz I, Jefferson RJ, Turner-Smith AR, Houghton GR, Harris

JD (1988) ISIS scanning: a useful assessment technique in the

management of scoliosis. Spine (Phila Pa 1976) 13(4):405–408

14. Sahlstrand T (1986) The clinical value of Moire topography in

the management of scoliosis. Spine (Phila Pa 1976)

11(5):409–417

15. Clements DH, Betz RR, Newton PO, Rohmiller M, Marks MC,

Bastrom T (2009) Correlation of scoliosis curve correction with

the number and type of fixation anchors. Spine (Phila Pa 1976)

34(20):2147–2150

16. Quan GM, Gibson MJ (2010) Correction of main thoracic ado-

lescent idiopathic scoliosis using pedicle screw instrumentation:

does higher implant density improve correction? Spine (Phila Pa

1976) 35(5):562–567

17. Arlet V, Shilt J, Bersusky E, Abel M, Ouellet JA, Evans D et al

(2008) Experience with an online prospective database on ado-

lescent idiopathic scoliosis: development and implementation.

Eur Spine J 17(11):1497–1506

18. Rhee JM, Bridwell KH, Won DS, Lenke LG, Chotigavanichaya

C, Hanson DS (2002) Sagittal plane analysis of adolescent idio-

pathic scoliosis: the effect of anterior versus posterior instru-

mentation. Spine (Phila Pa 1976) 27(21):2350–2356

19. Snyder RG, Spencer ML, Owings CL et al (1979) Anthropometry

of infants, children and youths to age 18 for product safety design

SP-450. Society of Automotive Engineers, Warrendale

20. Bunnell WP (1993) Outcome of spinal screening. Spine (Phila Pa

1976) 18(12):1572–1580

21. Bunnell WP (1984) An objective criterion for scoliosis screening.

J Bone Joint Surg Am 66(9):1381–1387

22. D’Andrea LP, Betz RR, Lenke LG, Clements DH, Lowe TG,

Merola A et al (2000) Do radiographic parameters correlate with

clinical outcomes in adolescent idiopathic scoliosis? Spine (Phila

Pa 1976) 25(14):1795–1802

23. Kim YJ, Lenke LG, Cho SK, Bridwell KH, Sides B, Blanke K

(2004) Comparative analysis of pedicle screw versus hook

instrumentation in posterior spinal fusion of adolescent idiopathic

scoliosis. Spine (Phila Pa 1976) 29(18):2040–2048

24. Vora V, Crawford A, Babekhir N, Boachie-Adjei O, Lenke L,

Peskin M et al (2007) A pedicle screw construct gives an

enhanced posterior correction of adolescent idiopathic scoliosis

when compared with other constructs: myth or reality. Spine

(Phila Pa 1976) 32(17):1869–1874

25. Aaro S, Ohlen G (1983) The effect of Harrington instrumentation

on the sagittal configuration and mobility of the spine in scoliosis.

Spine (Phila Pa 1976) 8(6):570–575

26. Burton DC, Asher MA, Lai SM (1999) The selection of fusion

levels using torsional correction techniques in the surgical treat-

ment of idiopathic scoliosis. Spine (Phila Pa 1976) 24(16):

1728–1739

27. Cochran T, Irstam L, Nachemson A (1983) Long-term anatomic

and functional changes in patients with adolescent idiopathic

scoliosis treated by Harrington rod fusion. Spine (Phila Pa 1976)

8(6):576–584

28. Takahashi S, Delecrin J, Passuti N (1997) Changes in the unfused

lumbar spine in patients with idiopathic scoliosis. A 5- to 9-year

assessment after cotrel-dubousset instrumentation. Spine (Phila

Pa 1976) 22(5):517,23; discussion 524

29. Lowenstein JE, Matsumoto H, Vitale MG, Weidenbaum M,

Gomez JA, Lee FY et al (2007) Coronal and sagittal plane cor-

rection in adolescent idiopathic scoliosis: a comparison between

all pedicle screw versus hybrid thoracic hook lumbar screw

constructs. Spine (Phila Pa 1976) 32(4):448–452

30. LR A Jr, Lenke LG, Keeler KA, Kim YJ, Buchowski JM, Cheh G

et al (2008) Operative treatment of adolescent idiopathic scoliosis

with posterior pedicle screw-only constructs: minimum three-

year follow-up of one hundred fourteen cases. Spine (Phila Pa

1976) 33(14):1598–1604

31. Dobbs MB, Lenke LG, Kim YJ, Kamath G, Peelle MW, Bridwell

KH (2006) Selective posterior thoracic fusions for adolescent

idiopathic scoliosis: comparison of hooks versus pedicle screws.

Spine (Phila Pa 1976) 31(20):2400–2404

32. Luhmann SJ, Lenke LG, Kim YJ, Bridwell KH, Schootman M

(2005) Thoracic adolescent idiopathic scoliosis curves between

70 degrees and 100 degrees: is anterior release necessary? Spine

(Phila Pa 1976) 30(18):2061–2067

33. Rumsey N, Harcourt D (2004) Body image and disfigurement:

issues and interventions. Body Image 1(1):83–97

34. Danielsson AJ, Wiklund I, Pehrsson K, Nachemson AL (2001)

Health-related quality of life in patients with adolescent idio-

pathic scoliosis: a matched follow-up at least 20 years after

treatment with brace or surgery. Eur Spine J 10(4):278–288

35. Orvomaa E (1998) Psychological evaluations of patients operated

for idiopathic scoliosis by the Harrington method. Int J Rehabil

Res 21(2):169–178

36. Weinstein SL, Dolan LA, Spratt KF, Peterson KK, Spoonamore

MJ, Ponseti IV (2003) Health and function of patients with

untreated idiopathic scoliosis: a 50-year natural history study.

JAMA 289(5):559–567

37. Payne WK III, Ogilvie JW, Resnick MD, Kane RL, Transfeldt

EE, Blum RW (1997) Does scoliosis have a psychological impact

and does gender make a difference? Spine (Phila Pa 1976)

22(12):1380–1384

1046 Eur Spine J (2011) 20:1039–1047

123



38. Kotwicki T, Negrini S, Grivas TB, Rigo M, Maruyama T,

Durmala J et al (2009) Methodology of evaluation of morphology

of the spine and the trunk in idiopathic scoliosis and other spinal

deformities—6th SOSORT consensus paper. Scoliosis 4:26

39. Asghar J, Samdani AF, Pahys JM, D’Andrea LP, Guille JT,

Clements DH et al (2009) Computed tomography evaluation of

rotation correction in adolescent idiopathic scoliosis: a compari-

son of an all pedicle screw construct versus a hook-rod system.

Spine (Phila Pa 1976) 34(8):804–807

40. Raso VJ, Lou E, Hill DL, Mahood JK, Moreau MJ, Durdle NG

(1998) Trunk distortion in adolescent idiopathic scoliosis.

J Pediatr Orthop 18(2):222–226

41. King HA (1988) Selection of fusion levels for posterior instru-

mentation and fusion in idiopathic scoliosis. Orthop Clin North

Am 19(2):247–255

42. Margulies JY, Floman Y, Robin GC, Neuwirth MG, Kuflik P,

Weidenbaum M et al (1998) An algorithm for selection of

instrumentation levels in scoliosis. Eur Spine J 7(2):88–94

43. Winter RB (1989) The idiopathic double thoracic curve pattern.

Its recognition and surgical management. Spine (Phila Pa 1976)

14(12):1287–1292

44. Shufflebarger HL, Macagno A, Marks M, Bastrom T, Betz RR,

Newton PO, et al (2009) Left shoulder elevation (LSE): an

unexpected consequence of surgical correction of Lenke 1 curves.

American Academy of Orthopaedic Surgeons, Las Vegas

45. Arlet V, Ouellet JA, Shilt J, Shen FH, Wood K, Chan D et al

(2009) Subjective evaluation of treatment outcomes of instru-

mentation with pedicle screws or hybrid constructs in Lenke Type

1 and 2 adolescent idiopathic scoliosis: what happens when

judges are blinded to the instrumentation? Eur Spine J 18(12):

1927–1935

Eur Spine J (2011) 20:1039–1047 1047

123


	Right adolescent idiopathic thoracic curve (Lenke 1 A and B): does cost of instrumentation and implant density improve radiographic and cosmetic parameters?
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Radiographic measurements
	Photographic measurements
	Determination of cost
	Statistical analysis

	Results
	Discussion
	Study group
	Radiographic findings
	Cosmetic outcome
	Strengths
	Weaknesses

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


