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Study Design: Cross-sectional and follow-up nested study.
Purpose: To assess the reliability of the L5-kyphosis apex line (L5-KAL) evaluation and determine the association between changes 
in L5-KAL, changes in radiological parameters, and changes in clinical symptoms.
Overview of Literature: Scheuermann’s disease is the most common cause of hyperkyphosis of the thoracolumbar and thoracic 
spine during adolescence. Scheuermann’s disease patients usually show compensatory hyperlordosis of the lumbar spine, which is 
usually flexible, and express an anterior translation of the lumbar section. The L5-KAL was developed on the basis of our clinical ex-
perience, displaying the horizontal distance between the thoracic and lumbar curves.
Methods: In the cross-sectional segment, 150 initial lateral X-rays of patients with Scheuermann’s disease and postural kyphosis 
were analyzed, and 80 additional X-rays were analyzed in the follow-up segment. The data taken from the X-rays of the whole spinal 
column included the thoracic kyphosis angle, the C7 plumb line, and the L5-KAL. Clinical data included a numerical rating scale of 
self-perceived body image, pain, and a Scoliosis Research Society-22 questionnaire (SRS-22).
Results: Significant positive associations were observed in a cross-sectional study between the L5-KAL and thoracic kyphosis, lum-
bar lordosis, C7 line, and self-perceived body image. In the follow-up nested study, in a mixed analysis of variance, the main effect of 
time was significant for the L5-KAL, kyphotic deformity and SRS-22, which indicated a change in these parameters after treatment of 
Scheuermann’s disease patients. Significant positive associations were observed between the changes in L5-KAL and the changes in 
thoracic kyphosis.
Conclusions: Our evidence suggests that the L5-KAL can serve as an indicator of the thoracic curve change in Scheuermann’s dis-
ease and postural kyphosis patients and should be considered in clinical practice.
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Introduction

Scheuermann’s disease, the most common cause of hyper-
kyphosis of the thoracic and thoracolumbar spine, occurs 
during adolescence. After idiopathic scoliosis, it is the 
most common disorder in patients with a deformity of 
the spine [1,2]. The reported prevalence of Scheuermann’s 
kyphosis ranges from 0.4% to 8% in the population​ [3-6]. 
The definition of Scheuermann’s disease has been modi-
fied over the years; however, Sorenson’s specific criteria of 
three or more adjacent apical vertebrae wedged at a mini-
mum of 5° each, with a thoracic kyphosis >45° (T3–T12), 
have been used predominately [3]. From a radiological 
perspective, Scheuermann’s disease is characterized by 
vertebral body wedging, diminished anterior vertebral 
growth, vertebral endplate irregularity, narrowing of the 
intervertebral disk spaces, Schmorl’s nodes, and prema-
ture disc degeneration [4,7].

Aesthetic appearance/deformity of the back is the most 
frequent complaint of Scheuermann’s disease patients 
and is typically the primary reason younger patients seek 
medical attention [8]. Pain, when present, is usually mild, 
precipitated by prolonged periods of sitting or exercise, 
and is typically located near the apex of the deformity. In 
general, the pain subsides with the cessation of growth. 
Occasionally, low back pain may be associated with spon-
dylolisthesis, which is observed with increased incidence 
in Scheuermann’s disease patients [9].

Clinically, Scheuermann’s disease patients commonly 
display compensatory hyperlordosis of the lumbar spine. 
The lumbar deformity is usually flexible and finds ex-
pression in the anterior translation of the lumbar section 
(“swayback”), which is very common in Scheuermann’s 
disease patients and can be dramatically influenced by the 
relative position of the thoracic and lumbar spine (transi-
tional zone). In addition to a number of wedged vertebrae 
and the Cobb angle of the thoracic kyphosis, various other 
radiographical characteristics of Scheuermann’s disease 
can be found in the literature; i.e., the C7 plumb line, 
which describes the radiological sagittal balance [5]. The 
sagittal balance assesses the association between the lower 
cervical spine and the sacral promontory but does not 
relate to the relative position of the thoracic and lumbar 
spine. The C7 plumb line is a vertical line drawn from the 
middle of the body of the C7 vertebral body. When the 
spine is balanced in the sagittal plane, the C7 plumb line 
should lie within 2 cm of the sacral promontory. However, 

patients with Scheuermann’s disease tend to be negatively 
balanced compared with the general population, and 
therefore, the C7 plumb line lies behind the sacral prom-
ontory​ [10]. In some Scheuermann’s disease patients, even 
with advanced pathology, the full compensation between 
thoracic kyphosis and lumbar and cervical lordosis can be 
observed albeit the C7 plumb line still being in the normal 
range. In these cases, an additional radiological method of 
spinal deformity evaluation should be considered.

On the basis of clinical observations in the posture 
clinic, we found numerous Scheuermann’s disease pa-
tients with an unbalanced lumbar region compared with 
the thoracic block. These observations were also found on 
X-rays. Since there have been no studies in the literature 
describing a radiological index sensitive to the relative po-
sition of the thoracic and lumbar spine (transitional zone) 
in Scheuermann’s disease patients, we therefore developed 
a new radiological index called the L5-kyphosis apex line 
(L5-KAL) (Fig. 1A, B) that fulfills the aforementioned 
criterion and also acts as an indicator of thoracic curve 
changes (disease progression). In the posture clinic, we 
observed significant changes in the L5-KAL in patients 
with Scheuermann’s disease as well as with postural ky-

Fig. 1. (A) Initial evaluation. The thoracic kyphosis Cobb angle was 
55°, and the lumbar lordosis Cobb angle was 55°. The AB line (12.08 
cm) represents the new radiologic line (L5-KAL). (B) Follow-up evalu-
ation (after Schroth therapy intervention). The thoracic kyphosis Cobb 
angle was 28°, and the lumbar lordosis Cobb angle was 32°. The AB 
line (6.46 cm) represents the new radiologic line (L5-KAL). L5-KAL, L5-
kyphosis apex line.
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phosis, who reported improved clinical symptoms. In ad-
dition, their kyphotic Cobb angle was reduced.

Our hypothesis was that the L5-KAL is associated with 
the Cobb angle and the symptomatic representation of 
Scheuermann’s disease and postural kyphosis patients can, 
therefore, be used as a tool to evaluate patients’ kyphosis 
clinical and radiological progression.

The aims of the present study were as follows: (1) to as-
sess the reliability of evaluation of the L5-KAL line; (2) 
to evaluate the association between the L5-KAL line and 
thoracic kyphosis curve (Cobb angle), sagittal balance (C7 
plumb line), pain, and self-perceived body image (SPBI); 
and (3) to evaluate the association between L5-KAL 
changes, changes in the thoracic kyphosis curve (Cobb 
angle), and changes in the symptomatic representation of 
Scheuermann’s disease and postural kyphosis (pain, SPBI, 
and Scoliosis Research Society-22 questionnaire [SRS-
22]).

Materials and Methods

1. Study design

The study comprised two components: (1) a cross-sec-
tional study and (2) a follow-up nested study.

2. Sample

In the cross-sectional study, 150 lateral X-rays of males 
and females with Scheuermann’s disease, who were diag-
nosed and treated in the Maccabi Hashalom Posture Clin-
ic, were retrieved from the digital archives of the Maccabi 
Health Care Services, Tel Aviv, Israel. These subjects were 
diagnosed with Scheuermann’s disease by a board-certi-
fied orthopedic surgeon, and they had been treated in the 
specialized posture clinic during the last 7 years (2009–
2016). None had been surgically treated, and 21 had been 
treated with a brace. Maccabi Health Care Services is the 
second-largest health maintenance organization in Israel; 
therefore, this sample can be considered as representative 
of the general population of Scheuermann’s disease pa-
tients. All X-rays were performed using a standard tech-
nique by specially trained technicians at the Department 
of Radiology, Maccabi Health Care Services Centers. The 
lateral view X-rays of the whole spinal column were taken 
in a standing position, with arms straight ahead in a 90° 
shoulder flexion. Patients were instructed to stand natu-

rally and place equal weight on both feet. In addition to 
the radiological parameters (the thoracic kyphosis angle, 
C7 line, and L5-KAL), SPBI, pain experienced during the 
last week, and the responses to the SRS-22 were analyzed 
from the patient’s medical files and X-rays.

In the follow-up nested study, we used data from the 
randomized controlled trial performed at the Maccabi 
Hashalom Posture Clinic in Tel Aviv between 2013 and 
2016. In this study, participants in both groups received a 
course of individual physical therapy sessions during 6–12 
weeks, one appointment per week. One group received 
Schroth therapy exercises, and the second was treated by 
classic anti-gravitation exercises. No one received a brac-
ing treatment during this study. We subsequently evaluat-
ed the L5-KAL, the thoracic Cobb angle, the responses to 
the SRS-22, pain experienced during the last week, SPBI, 
and kyphotic deformity measured by an inclinometer.

All patients were re-assessed after the intervention, and 
all of the parameters were measured again. The L5-KAL, 
the thoracic Cobb angle, the responses to the SRS-22, pain 
experienced during the last week, SPBI, and kyphotic de-
formity measured by an inclinometer were calculated pre-
treatment, after 6 months, and 1 year later. Eighty lateral 
X-rays of 40 patients with Scheuermann’s disease and pos-
tural kyphosis (two X-rays of each patient performed 6 to 
12 months apart) were analyzed for this part of the study. 
Lateral X-rays were performed on all patients, before and 
after treatments.

3. Imaging data collection

The following data were collected from the lateral X-
rays of the whole spinal column while standing: (1) The 
thoracic kyphosis angle (T3–T12) was measured with a 
modified Cobb method. The thoracic Cobb angle was 
measured from the T3 superior endplate to the T12 infe-
rior endplate, indicating that the upper line was drawn at 
the superior endplate of T3 and the lower line at the infe-
rior endplate of T12. (2) Sagittal balance (C7 plumb line) 
is the distance between the C7 vertebral body vertical axis 
and sacral promontory measured by drawing a vertical 
line from the middle of the body of the C7 vertebral body 
downwards and then calculating the distance between this 
line to the superior posterior (part of the sacral promon-
tory). (3) Lumbar lordosis (L1–L5) was measured with 
a modified Cobb method. The lumbar Cobb angle was 
measured from the L1 superior endplate to the S1 supe-
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rior endplate. Lumbar lordosis was measured only in the 
cross-sectional study. (4) L5-KAL is the distance between 
the vertical line from the L5 anterior vertebral body to the 
anterior border of the thoracic kyphosis apex vertebral 
body, as previously mentioned.

4. Reliability of the X-ray readings

Intra-rater reliability was assessed on the first 20 X-rays 
twice within a 2-week interval by a physical therapist 
(T.B.), an expert in spinal deformity evaluation and treat-
ment, with >17 years of experience in spinal X-ray evalu-
ation. This analysis revealed the reliability of 0.99±8.42 
for the thoracic kyphosis angle, 0.99±3.64 for the C7 line, 
and 0.99±3.06 for the L5-KAL. These results demonstrate 
excellent reproducibility of the measurements. Twenty 
X-rays were examined twice within a 2-week interval time 
period.

5. Clinical data collection

SPBI: SPBI was evaluated using a numeric scale of 0–10 
(satisfied to very dissatisfied with appearance). A simi-
lar method of SPBI has been validated in other areas of 
medicine [11]. Pain: The amount of pain experienced 
the week prior was measured by the numeric pain rating 
scale (NPRS; 0=“no pain at all” and 10=“the worst pos-
sible pain”) [10]. Studies have shown that the NPRS scale 
is a valid and reliable tool for assessing pain in Scheuer-

mann’s disease patients [6,12]. Health-related quality of 
life: The SRS-22 is reliable, with internal consistency and 
reproducibility, and comparable with the 36-item Short-
Form Health Survey (SF-36). The internal consistency of 
the SRS-22 (Cronbach α) was 0.92 to 0.75 and that of the 
SF-36 was 0.91 to 0.36. Reproducibility (intra-class corre-
lation coefficient) of the SRS-22 was 0.96 to 0.85 and that 
of the SF-36 was 0.92 to 0.61. Concurrent validity, deter-
mined by the Pearson correlation coefficients between the 
SRS-22 and SF-36 domains, was ≥0.70 (p<0.0001) in 17 
relevant comparisons [13]. 

6. Ethical considerations

The research was approved by the ethical (Helsinki) com-
mittee of Maccabi Healthcare Services (N. 0014-16-BBL) 
and by the IRB of Ben-Gurion University. For the follow-
up part of the study, the parents of the patients, in the 
custodian position, signed an informed consent form ac-
cording to the laws of medical ethics.

7. Statistical analysis

Statistical analysis was performed using IBM SPSS soft-
ware ver. 21.0 for Windows (IBM Corp., Armonk, NY, 
USA). The mean and standard deviation for age, height, 
thoracic kyphosis, pain, body image, L5-KAL, SRS-22, 
and kyphotic deformity by inclinometer were calculated 
with descriptive statistics. We employed univariate analy-

Table 1. Demographic and baseline clinical characteristics of the cross-sectional and follow-up sample

Characteristic Value No. of patients

Age (yr)   15.47±6.44 200

Height (m)     1.62±0.10 176

Thoracic kyphosis (°) 59.32±8.6 200
Pain felt during the last week (numeric pain-rating scale)     2.83±2.94 177

Body image (numeric rating scale)   4.62±3.6 177

L5-kyphosis apex line (cm)   11.79±2.69 188

Scoliosis Research Society-22 questionnaire   42.26±7.01 50

Kyphotic deformitya) (°)   56.98±7.72 50
Categorical variables

Risser sign        4 (2–4) 197

Sex (males) 58.5 200
Values are presented as mean±standard deviation, median (25 percentile–75 percentile), or %.
a)Measured by the digital inclinometer. 
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ses to test the associations between the parameters in the 
cross-sectional section and between the changes in the 
parameters (delta values) in the follow-up nested section. 
Correlations between continuous variables were tested 
using Pearson’s R; correlations between ordinal and con-
tinuous variables were tested with Spearman’s Rho. In the 
follow-up section, the changes after treatment of the tho-
racic kyphosis, L5-KAL, SRS-22, and kyphotic deformity 
by inclinometer were measured using a mixed analysis 
of variance to test for the main effect of time. Because 
significant differences in sex, height, and age between the 
two groups were found, we introduced these variables as 
covariates in the mixed models to adjust for their effect on 
the outcome measures. The effect size was calculated us-
ing the partial eta squared measure.

Results

The total study sample included 190 participants (mean 
age, 15.47±6.64 years) (Table 1); 150 were from the cross-
sectional study, and 40 were from the follow-up sample; 
58.5% were males and 41.5% females. The mean L5-KAL 

was 11.79±2.69 cm, and the mean thoracic kyphosis Cobb 
angle was 59.32°±8.6°.

Associations between the L5-KAL and kyphosis-related 
parameters measured in the cross-sectional section are 
shown in Table 2. Significant positive associations were 
observed between the L5-KAL and thoracic kyphosis 
(r=0.445, p<0.001), lumbar lordosis (r=0.523, p<0.001), 
C7 line (r=0.722, p<0.001), and SPBI (r=0.251, p=0.004).

The follow-up nested study revealed a significant main 
effect of time for the L5-KAL (F[1]=4.29, p=0.04), kypho-
tic deformity measured by the inclinometer (F[1]=42.87, 
p<0.01), and the SRS-22 (F[1]=18.66, p<0.01), indicating 
that these measures were lower after treatment than those 
before treatment (Table 3).

Correlations ������������������������������������� between the L5-KAL change, the radio-
logical parameter change, and the clinical symptomatic 
change are shown in Table 4. Significant positive associati-
ons were observed between the L5-KAL change, thoracic 
kyphosis Cobb angle change (r=0.555, p<0.001), and the 
kyphotic deformity �������������������������������������change ������������������������������measured ���������������������by a digital inclino-
meter (r=0.403, p=0.016).

Table 2. Correlations between the L5-kyphosis apex line and kyphosis-related parameters

Variable
Correlations

r p-value

Thoracic kyphosis (°) 0.445 <0.001

Lumbar lordosis (°) 0.523 <0.001

C7 line (cm) 0.722 <0.001

Pain (numeric pain-rating scale) -0.014 0.875

Self-perceived body image (numeric rating scale) 0.251 0.004

Statistically significant differences (p<0.05) marked in bold.���������������������������������������������������������������������������������������� ���������������������������������������������������������������������������������������Correlations between continuous variables were tested using the Pearson’s R. Correlati-
ons between ordinal and continuous variables were tested using the Spearman’s Rho.

Table 3. Change of outcome measures due to treatment in a nested follow-up section

Variable Baseline End of treatment
Main effect of time

Partial η²
F p-value

Thoracic kyphosisa) (°) 58.13±8.01 52.69±8.67 F(1)=3.31 0.07 0.07

L5-kyphosis apex linea) (cm) 11.48±2.66 10.75±2.97 F(1)=4.29 0.04 0.11

Kyphotic deformityb) (°) 56.83±7.75 49.87±6.92 F(2)=42.87 <0.01 0.48

Scoliosis Research Society-22 questionnaireb) 42.26±7.02   33.18±10.88 F(2)=18.66 <0.01 0.27

Values are presented as mean±standard deviation, unless otherwise stated. Statistically significant differences (p<0.05) marked in bold.
ANOVA, analysis of variance.
a)Results of mixed ANOVA. b)Results of repeated measure ANOVA.
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Discussion

The influence of sagittal alignment on clinical presentation 
(pain and deformity) and treatment of spinal deformities 
is important to achieve an optimum outcome of the treat-
ment. The sagittal deformity can be assessed radiographi-
cally and clinically [14]. The radiographic assessment has 
a significant advantage over previously existing methods 
as it provides an accurate and objective evaluation of the 
deformity, thereby indicating the extent of correction 
required to achieve a normal balance. Several studies 
have investigated sagittal spinopelvis alignment as well as 
global spinal balance. Mac-Thiong et al. [15] explored the 
sagittal sacropelvic anatomy and regional sagittal spinal 
alignment in the pediatric population. In a subsequent 
study, Mac-Thiong et al. [16] reported on global spinal 
balance in asymptomatic adults and its influence on age, 
gender, and sacropelvic morphology using different pa-
rameters.

The L5-KAL, a new simple and reliable method of 
evaluating the relative position between the thoracic and 
lumbar spine, entails drawing a vertical line parallel to the 
L5 anterior vertebral body (demonstrated in Fig. 1A as the 
XY line). The distance between this line and the anterior 
border of the thoracic kyphosis apex vertebral body (dem-
onstrated in Fig. 1A as the AB line) is measured, display-
ing the horizontal distance between these two curves. The 
line accurately determines the anterior translation of the 
lumbar section (“swayback”) caused by the compensatory 
hyperlordosis of the lumbar spine. The intra-rater reliabil-
ity of the L5-KAL was excellent with high reproducibility 
of the results. Therefore, we believe that this line could be 
a useful tool for radiographically assessing patients with 

Scheuermann’s disease and postural kyphosis, on the side 
of other traditional measures of sagittal deformity.

The L5-KAL was able to detect the change in the rela-
tive position between the thoracic and lumbar spine in the 
follow-up study. In addition, significant associations were 
exhibited between the changes in the L5-KAL, changes in 
the Cobb angle of thoracic kyphosis, and the changes in 
a kyphotic deformity measured by an inclinometer and 
the clinical parameters. Therefore, L5-KAL may be used 
in orthopedic and physical therapy practice to monitor 
the change in thoracic curve changes in Scheuermann’s 
disease and postural kyphosis patients. In addition, we be-
lieve that L5-KAL can be used for monitoring the thoracic 
curve changes in patients with age-related or osteoporotic 
kyphosis, but this should be assessed in future studies.

In some cases, i.e., when there is full compensation be-
tween the thoracic and lumbar curves, the conventional 
C7 plumb line is observed in the normal range. In such 
cases, the L5-KAL is much more advantageous than the 
C7 plumb line. In our clinical experience, and in the pres-
ent study, we found that the change in L5-KAL is strongly 
associated with the changes in the SPBI in patients with 
Scheuermann’s disease and postural kyphosis.

Conclusions

The L5-KAL is a new radiological line�������������������� based on our clini-
cal experience and on biomechanical principles.��������� Our ����evi-
dence suggests that the L5-KAL can serve as an indicator 
of thoracic curve changes and SPBI changes in patients 
with Scheuermann’s disease and postural kyphosis and 
therefore can be applied in clinical practice.

Table 4. Correlations between the changes in the L5-kyphosis apex line (cm) and changes in radiological parameters and clinical symptoms

Variable
Correlations

r p-value

Scoliosis Research Society-22 questionnaire change 0.047 0.784

Thoracic kyphosis change (°) 0.555 <0.001

Kyphotic deformity change (°) 0.403 0.016

Pain change (numeric pain-rating scale) -0.057 0.743

Self-perceived body image change (numeric rating scale) 0.039 0.823

Statistically significant differences (p<0.05) marked in bold. Correlations between continuous variables were tested using the Pearson’s R. Correlati-
ons between ordinal and continuous variables were tested using the Spearman’s Rho.
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