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Abstract

Purpose The aim of this study was to compare radio-

graphic sagittal spinopelvic parameters between skeletally

immature and skeletally mature patients with Scheuer-

mann’s disease (SD).

Methods Cross-sectional analysis of standing postero-

anterior and lateral radiographs of the spine of patients with

SD was performed. Sagittal vertical axis (SVA), thoracic

kyphosis (TK), thoracolumbar kyphosis (TLK), lumbar

lordosis (LL), pelvic incidence (PI), pelvic tilt (PT), and

sacral slope (SS) were measured on the lateral radiographs.

Risser’s sign was assessed on the postero-anterior radio-

graphs. All of the parameters measured were compared

between skeletally immature (Risser’s sign 0–3) versus

mature patients (Risser’s sign 5). PI, PT, and SS in both

groups were compared to PI, PT, and SS reported for

normal children, adolescents, and adults.

Results Sixty-six patients with SD (33 immature and 33

mature) were retrospectively reviewed and included in the

study. There was no significant difference between the two

groups of SD patients in: SVA (-16.6 vs. -22.9 mm,

p = 0.74), TK (57.8� vs. 56�, p = 0.66), TLK (7.8� vs.

11.78, p = 0.14), LL (63.2� vs. 62.2�, p = 0.74), PI (36.7�
vs. 39.4�, p = 0.20), PT (3.8� vs. 7.3�, p = 0.10), and SS

(32.8� vs. 32.1�, p = 0.75). Both, the immature and mature

group of SD patients presented significantly lower PI and

SS than normal children, adolescents, and adults, and sig-

nificantly lower PT than normal adults.

Conclusions There is no significant difference in sagittal

spinopelvic parameters between skeletally immature and

mature subjects with SD. Pelvic incidence in both groups

of SD patients was significantly lower than PI in normal

children, adolescents, and adults. This challenges the role

of PI in predicting desired LL in patients with SD.
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Introduction

A rigid kyphosis of the thoracic or thoracolumbar spine

occurring in adolescence was first described by Scheuer-

mann in 1920 [1]. Today Scheuermann’s disease (SD) or

Scheuermann’s kyphosis is the most likely cause of

structural hyperkyphosis in the pediatric population [2].

Two patterns of SD have been described, namely the more

commonly occurring typical (thoracic) pattern, character-

ized by nonstructural hyperlordosis of the cervical and

lumbar spine and the atypical (thoracolumbar) pattern that

is thought to be more likely to progress in adulthood [2–4].
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The etiology of SD is thought to be multifactorial and

remains unknown [2, 4].

The double S shape of the human spine in sagittal plane

is one of the evolutionary adaptations to bipedal locomo-

tion, providing a compromise between stability and

mobility [5]. Several quantitative parameters, both posi-

tional and anatomic, concerning the sagittal balance have

been distinguished [6]. Pelvic incidence (PI) first intro-

duced by Duval-Beaupère et al. is the most widely used

anatomic parameter in assessing spinopelvic alignment [7].

Pelvic incidence is hypothesized to be the fundamental

pelvic parameter for three-dimensional regulation of spinal

sagittal curves [8]. It is accepted that PI becomes fixed with

skeletal maturation and remains constant in adulthood,

unless there is a pathological process that can modify the

shape of the pelvis [6, 9, 10]. Deviations in pelvic mor-

phology and subsequently higher values of PI were found

to be associated with spondylolisthesis and idiopathic

scoliosis [11–16]. Significantly lower PI was reported in

patients with post-tuberculosis or congenital thoracic and

thoracolumbar kyphosis [17]. Jiang et al. [18] reported

significantly lower PI in SD adolescents than in healthy

age-matched group. We have previously described signif-

icantly lower PI in skeletally mature patients with SD than

what has been reported for healthy adults [19]. Both of the

above-mentioned studies revealed that PI was lower in

individuals with the thoracolumbar form of SD than in

those with the thoracic form [18, 19]. There are currently

no published studies comparing PI and other parameters

characterizing sagittal spinopelvic alignment in skeletally

immature versus skeletally mature patients with SD. Such

an analysis could be meaningful regarding potential etiol-

ogy or compensatory mechanisms in obtaining and main-

taining neutral sagittal balance in individuals with SD.

The aim of this study was to compare the radiographic

sagittal spinopelvic parameters between skeletally imma-

ture and skeletally mature patients with SD.

Materials and methods

Subjects

After having obtained institutional review board’s

approval, a group of patients with SD examined between

January 2005 and November 2013 with standard standing

long-cassette postero-anterior and lateral digital radio-

graphs taken at index presentation was retrospectively

reviewed and included in the study. The diagnosis of SD

was based on the radiological criteria reported by Sorensen

(at least three consecutive vertebral bodies with a minimum

of 5� of wedging) with additional findings (irregularities of

the vertebral endplates, disc material herniation through the

endplates (Schmorl’s nodes), narrowing of the disc spaces,

and lengthening of the vertebral bodies) [20, 21]. Similar

radiologic protocol was used during the entire study period.

Lateral radiographs were obtained with each subject in a

comfortable standing position and knees fully extended

with arms in slight forward flexion and forearms extended

and resting on a support [22]. Patients with Risser’s sign of

0, 1, 2, or 3 were classified as skeletally immature

(‘‘immature group’’) and those with Risser’s sign of 5 were

classified as skeletally mature (‘‘mature group’’) [23]. All

of the patients with Risser’s sign of 4, those with other

spinal pathologies besides SD (e.g., spondylolysis, spond-

ylolisthesis, scoliosis, spina bifida occulta) and individuals

whose radiograph quality was not sufficient to assess all the

quantitative parameters were excluded from this study.

Fig. 1 Standing lateral radiograph of skeletally immature patient

(Risser’s sign of 2) with the typical form of Scheuermann’s disease

(apex of kyphosis located at the level of T8 vertebra). Anterior

wedging of four consecutive vertebral bodies (T7–T10). TK thoracic

kyphosis, TLK thoracolumbar kyphosis, LL lumbar lordosis, PI pelvic

incidence, PT cpelvic tilt, SS sacral slope, SVA sagittal vertical axis
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Radiographic analysis

All of the radiographs were reviewed by an experienced

orthopedic spine surgeon using Surgimap Spine Software

(Surgimap, New York, USA).

On each lateral radiograph 4 spinal parameters were

measured, Fig. 1. Sagittal vertical axis (SVA) was

defined as the linear horizontal distance between the C7

plumb line (originating in the center of C7 vertebral

body) and the posterior corner of S1 endplate. Negative

SVA was noted when the C7 plumb line was posterior to

the S1 posterior corner. When the C7 plumb line was

anterior to the S1 posterior corner the SVA was defined

as positive. T4–T12 thoracic kyphosis (TK) was the

angle measured between the proximal endplate of T4

vertebra and the distal endplate of the T12 vertebra using

the Cobb’s method. T11–L1 thoracolumbar kyphosis

(TLK) was the angle measured between the proximal

endplate of the T11 vertebra and the distal endplate of

the L1 vertebra using the Cobb’s method. Negative val-

ues of TLK indicated lordosis. L1–S1 lumbar lordosis

(LL) was defined as the angle between the proximal

endplate of the L1 vertebra and the endplate of S1

measured with Cobb’s method.

On each lateral radiograph 3 pelvic parameters were

measured, Fig. 1. Pelvic incidence (PI) was defined as the

angle between the line joining the center of the bicoxofe-

moral axis and the center of the S1 endplate and the line

perpendicular to the S1 endplate. Pelvic tilt (PT) was the

angle between the line joining the center of the bicoxofe-

moral axis and the center of the S1 endplate and the ver-

tical line. Negative values of PT were noted when the

midpoint of S1 endplate was anterior to the center of bic-

oxofemoral axis. Sacral slope (SS) was defined as the angle

between the line parallel to the S1 endplate and the refer-

ence horizontal line.

On each postero-anterior radiograph, the Risser’s sign

was assessed according to the original Risser’s method

[23].

Age, sex, and form of SD as well as the values of all of

the parameters measured were compared between the

mature and immature group.

The values of PI, PT, and SS of both, the immature and

the mature patients with SD were compared to PI, PT, and

SS reported for the largest groups of normal children,

adolescents, and adults [24, 25].

All of the measurements were repeated by the same

researcher after 1 month on 46 randomly chosen radio-

graphs. The intraobserver reproducibility of all of the

measurements performed was tested and quantified by the

intraclass correlation coefficient (ICC) and a median error

for a single measurement (SEM) [26].

Statistical analysis

The data was analyzed using the JMP 10.0.2 (SAS Institute

Inc, Cary, NC) statistical software and in Microsoft Office

Excel 2007 (Microsoft, Redmond, WA). Normal distribu-

tion of data was analyzed by use of the Shapiro–Wilk test.

The unpaired t test or the Wilcoxon’s test was used to test

the differences for the continuous data. The Fisher’s exact

test was used to test differences for the categorical data.

The p level of 0.05 was considered significant. A power of

the t test and of the Wilcoxon’s test was set at 0.95 and the

least significant value (LSV) was calculated for each

comparison.

To estimate the sample size needed to test the intraob-

server reproducibility of all of the measurements we treated

Fig. 2 Standing lateral radiograph of skeletally mature patient

(Risser’s sign of 5) with the typical form of Scheuermann’s disease

(apex of kyphosis located at the level of T7 vertebra). Anterior

wedging of five consecutive vertebral bodies (T6–T10). TK thoracic

kyphosis, TLK thoracolumbar kyphosis, LL lumbar lordosis, PI pelvic

incidence, PT pelvic tilt, SS sacral slope, SVA sagittal vertical axis
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the ICC value greater than 0.7 (with its 95 % confidence

interval of 0.55–0.85) as acceptable reproducibility for a

research tool [27]. Thus, the minimum number of subjects

to test the intraobserver reproducibility (2 series of mea-

surements performed by 1 researcher) was 46 [28]. The

ICC value of less than 0.40 indicated poor reproducibility,

0.40–0.75 indicated fair to good agreement/reproducibility/

reliability, and values greater than 0.75 reflected excellent

reproducibility [29].

Results

Subjects

Thirty-three consecutive skeletally immature patients with

SD without prior treatment met the inclusion criteria. There

were 26 patients with the typical form of SD (apex of the

kyphosis at T6–T9 vertebra) and 7 patients with the atyp-

ical form of SD (apex of the kyphosis at T10–L2 vertebra),

Fig. 1. Skeletally mature patients with SD were selected to

match those immature in form of SD. Thirty-three mature

patients with SD met the inclusion criteria (25 with the

typical and 8 with the atypical form of SD), Fig. 2. Thus,

the total number of subjects recruited for this study was 66.

There were 17 patients with Risser’s sign of 0 (5 females

and 12 males), 4 patients with Risser’s sign of 1 (all males),

5 patients with Risser’s sign of 2 (2 females and 3 males),

and 7 patients with Risser’s sign of 3 (1 female and 6

males).

The mean age in the immature group was 14.1 ± 1.4 years

(range 11–16.3 years) versus 22.7 ± 7.6 years (range

16.1–47.4 years) in the mature group with significant differ-

ence between the groups (p\0.0001).

There were 8 females and 25 males in the immature

group, and 11 females and 22 males in the mature group.

The difference in sexes between the groups was insignifi-

cant (p = 0.29).

No statistically significant difference in form of SD

between the two groups of patients were noted (79 %

subjects (26/33) with the typical form in the immature

group versus 76 % (25/33) with the typical form in the

mature group (p = 0.72)).

Radiographic analysis

The mean, standard deviation, and range for the sagittal

spinopelvic parameters for both the mature and the

immature patient groups, together with p values and LSVs

from statistical tests comparing them are presented in

Table 1. None of the parameters differ significantly

between the two groups of patients with SD.

Comparisons of PI, PT, and SS in the immature and

mature SD patients versus PI, PT, and SS reported for

healthy children, adolescents, and adults are presented in

Tables 2 and 3, respectively. Both groups of SD patients

presented with significantly lower PI and SS compared to

normal children, adolescents, and adults and significantly

lower PT than normal adults. The difference in PT was

insignificant when comparing both SD groups and normal

children as well as skeletally mature patients with SD and

healthy adolescents.

The ICC for intraobserver reproducibility of the mea-

surements of each parameter was C0.9 with the following

SEMs for the particular parameters: SVA: 6.1 mm; TK:

1.9�; TLK: 1.0�; LL: 3.3�; PI: 1.2�; PT: 1.9� and SS: 2.5�.

Discussion

We present a comparison of the sagittal spinopelvic

alignment between the skeletally immature and mature

patients with SD. We also compare PI, PT, and SS of these

2 groups of SD individuals with PI, PT, and SS reported for

healthy children, adolescents, and adults. Such analyses

have never been published. Jiang et al. [18] analyzed

Table 1 Comparison of radiographic sagittal spinopelvic parameters between immature and mature patients with Scheuermann’s disease

Parameter Immature patients (N = 33)

mean ± SD (range)

Mature patients (N = 33)

mean ± SD (range)

p LSV

SVA (mm) -16.6 ± 23.8 (-56–58) -22.9 ± 40.7 (-128–51) 0.74t 18.3

TK (�) 57.8 ± 15.3 (3–81) 56 ± 18.8 (13–96) 0.66t 8.4

TLK (�) 7.8 ± 10.9 (-8–45) 11.7 ± 12.6 (-6–41) 0.14w 5.8

LL (�) 63.2 ± 11.1 (35–84) 62.2 ± 14.6 (30–96) 0.74t 6.4

PI (�) 36.7 ± 8.1 (15–51) 39.4 ± 8.9 (19–65) 0.20t 4.2

PT (�) 3.8 ± 7.5 (-10–17) 7.3 ± 9.4 (-10–33) 0.10t 4.2

SS (�) 32.8 ± 9.2 (9–49) 32.1 ± 9.2 (9–49) 0.75t 4.5

SD standard deviation, SVA sagittal vertical axis, TK thoracic kyphosis, TLK thoracolumbar kyphosis, LL lumbar lordosis, PI pelvic incidence,

PT pelvic tilt, SS sacral slope, p indicates significance of the difference assessed by unpaired t test (t) or Wilcoxon’s test (w), LSV least significant

value detected by the t test or the Wilcoxon’s test with a power of 0.95
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sagittal spinopelvic alignment in adolescents with SD and

made a comparison with age-matched normal group.

However, the authors considered chronological age of the

subjects with no information regarding their skeletal

maturity. We have previously presented sagittal spinopel-

vic alignment of skeletally mature patients with SD and

compared them to historically published normal individu-

als [19]. In the current study, we present a comparison of

the sagittal spinopelvic alignment between 2 groups of SD

individuals, namely those that are skeletally immature

(Risser’s sign of 0, 1, 2, or 3) to those who are skeletally

mature (Risser’s sign of 5). Since PI has been reported to

increase during childhood and adolescence and to remain

constant when skeletal maturity is reached [6, 9, 10], we

find it important to consider the skeletal maturity in such

analyses. All of the patients with Risser’s sign of 4 were

excluded from the current study, because of data incon-

sistency: although Risser’s sign of 4 has been thought as an

indicator of vertebral growth cessation, there are reports

emphasizing that at this stage of maturation some residual

growth activity remains, and thus a potential for changes in

pelvic morphology exists [30–32].

No significant differences in any of the sagittal spinal

parameters analyzed (SVA, TK, TLK, and LL) were found

between immature and mature patients with SD. Similarly,

the 2 groups did not differ significantly between each other

in regard to the type of SD (typical or atypical) and sex,

making comparison of pelvic parameters between these

two groups valuable.

The differences in PI, PT, and SS between the immature

and mature individuals with SD were insignificant. More-

over, we found that PI in both SD groups (36.7� and 39.4�
for the immature and mature, respectively) was signifi-

cantly lower than those reported for healthy children

(43.7�), adolescents (46.9�), and adults (54.7�) [24, 25].

Similarly, SS in both SD groups (32.8� and 32.1� for the

immature and mature, respectively) was significantly lower

than SS reported for healthy children (38.2�), adolescents

(39.1�), and adults (41.2�) [24, 25]. Pelvic incidence has

been proposed to be the fundamental pelvic parameter for

three-dimensional regulation of the spinal sagittal curves

[8]. Legaye et al. [8] stated that spinal balance is obtained

as the result of optimal lordotic positioning of the vertebrae

above a correctly oriented pelvis. Our results as well as the

findings of Li et al. [17], Jiang et al. [18], and Tyrakowski

et al. [19] suggest that first the pelvic orientation and next

the morphology (PI) might be influenced by the sagittal

spinal curves, thus serving as a compensatory mechanism

for obtaining and maintaining a neutral sagittal balance.

We hypothesize that an increased TK or TLK in patients

with SD is compensated by increased LL to reach a neutral

sagittal balance. When the natural reserve of increasing LL

Table 2 Comparison of pelvic incidence, pelvic tilt, and sacral slope between skeletally immature patients with Scheuermann’s disease versus

historical normal children, adolescents, and adults

Study Sample size PI (�) PT (�) SS (�)

Mean ± SD p Mean ± SD p Mean ± SD p

Current study 33 36.7 ± 8.1 3.8 ± 7.5 32.8 ± 9.2

Normal children [24] 167 43.7 ± 9.0 \0.0001* 5.5 ± 7.6 0.118 38.2 ± 7.7 0.001*

Normal adolescents [24] 479 46.9 ± 11.4 \0.0001* 7.7 ± 8.3 0.002* 39.1 ± 7.6 \0.0001*

Normal adults [25] 300 54.7 ± 10.6 \0.0001* 13.2 ± 6.1 \0.0001* 41.2 ± 8.4 \0.0001*

PI pelvic incidence, PT pelvic tilt, SS sacral slope, SD standard deviation, p indicates significance of the difference in PI, PT, or SS between the

current study and the data from literature assessed by unpaired t Student test

* Indicates statistically significant difference

Table 3 Comparison of pelvic incidence, pelvic tilt, and sacral slope between skeletally mature patients with Scheuermann’s disease versus

historical normal children, adolescents, and adults

Study Sample size PI (�) PT (�) SS (�)

Mean ± SD p Mean ± SD p Mean ± SD p

Current study 33 39.4 ± 8.9 7.3 ± 9.4 32.1 ± 9.2

Normal children [24] 167 43.7 ± 9.0 0.006* 5.5 ± 7.6 0.151 38.2 ± 7.7 \0.0001*

Normal adolescents [24] 479 46.9 ± 11.4 \0.0001* 7.7 ± 8.3 0.406 39.1 ± 7.6 \0.0001*

Normal adults [25] 300 54.7 ± 10.6 \0.0001* 13.2 ± 6.1 \0.0001* 41.2 ± 8.4 \0.0001*

PI pelvic incidence, PT pelvic tilt, SS sacral slope; p indicates significance of the difference in PI, PT, or SS between the current study and the

data from literature assessed by unpaired t Student test

* Indicates statistically significant difference
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is maximized, any further compensation for the increasing

TK or TLK may be accomplished by posterior tilting of the

pelvis that decreases SS and with fixed PI increases PT.

Increased PT that results in a posterior shift of the center of

gravity in relation to the hip joints is biomechanically

disadvantageous [33–35]. We suspect that in a growing

individual, it can result in modification of the pelvis shape,

so the PT increase is prevented. Thus, decreasing the PI

could compensate for a decrease in SS with no changes in

PT. Such a cause–effect relationship is supported by the

results of our study, where PI and SS values in patients

with SD are lower than those reported for normal children

and remain unchanged until the end of skeletal growth.

One potential clinical implication of our findings con-

cerns application of the PI value in planning spinal fusion

in SD patients. If a lumbar fusion was planned in a mature

patient with SD (for another reason than SD) the PI would

not serve as a reliable guide in predicting the amount of the

postoperatively desired LL. On the other hand, if correction

of hyperkyphosis in a mature patient with SD was planned

the decreased PI should be taken into account and a cor-

responding LL should be the target intraoperatively. Thus,

a neutral sagittal balance could be obtained and maintained

according to the formula proposed by Rose et al. [36]. The

effect of corrective surgery on PI in immature individuals

with SD remains unknown. Two theories seem plausible:

(1) constant inhibition of increase in PI or (2) restoration of

normal pelvic maturation with age related increase in PI. A

limitation of our study is its retrospective design. We

considered 2 groups of patients with SD, namely the

skeletally immature and mature instead of 1 group fol-

lowed in time from the point at which diagnosis of SD was

established until skeletal maturation. However, we think

that the best available scenario was used in our analysis

with the 2 groups matched for SD type and sex. Another

limitation of the study may be relatively small sample size

of each SD group that could potentially increase LSVs in

statistical analysis. In this study, PI, PT, and SS were

compared between SD patients and published data for

normal children, adolescents, and adults. Because of some

inconsistency of data in the literature regarding the defi-

nition of TK, TLK, and LL [8, 37–41] only three pelvic

parameters were compared with historically published

normative data.

Conclusions

The study revealed no significant differences in the sagittal

spinopelvic radiographic parameters between skeletally

immature and mature subjects with SD. Pelvic incidence

and SS in both groups of SD patients was significantly

lower than PI and SS reported for normal children,

adolescents, and adults. Thus, we suggest that pelvic

incidence does not increase with skeletal maturation in

patients with SD. These findings highlight the role that

pelvic morphology may play as a compensatory mecha-

nism in maintaining a neutral sagittal posture in patients

with pathologic sagittal spinal alignment. Further investi-

gations are needed to better understand the phenomenon.

Conflict of interest None.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Scheuermann H (1920) Kyfosis dorsalis juvenilis. Ugeskr Laeger

82:385–393

2. Lowe TG, Line BG (2007) Evidence based medicine: analysis of

Scheuermann kyphosis. Spine 32(19 Suppl):S115–S119

3. Jansen RC, van Rhijn LW, van Ooij A (2006) Predictable cor-

rection of the unfused lumbar lordosis after thoracic correction

and fusion in Scheuermann kyphosis. Spine 31(11):1227–1231

4. Wood KB, Melikian R, Villamil F (2012) Adult Scheuermann

kyphosis: evaluation, management, and new developments. J Am

Acad Orthop Surg 20(2):113–121

5. Tardieu C, Bonneau N, Hecquet J, Boulay C, Marty C, Legaye J,

Duval-Beaupère G (2013) How is sagittal balance acquired dur-

ing bipedal gait acquisition? Comparison of neonatal and adult

pelves in three dimensions. Evolutionary implications. J Hum

Evol 65(2):209–222

6. Vrtovec T, Janssen MM, Likar B, Castelein RM, Viergever MA,
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