
Vol. 59 - No. 4 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 529

European Journal of physical and rehabilitation 
Medicine
august 2023
Vol. 59 - No. 4

O R I G I N A L  A R T I C L E
N E W  P E R S P E C T I V E S  I N  S C O L I O S I S  A N D  S P I N A L  D E F O R M I T I E S : 

A N  U P D A T E  F R O M  T H E  2 0 2 3  A N N U A L  S O S O R T  M E E T I N G

long-term outcome after brace treatment of scheuermann’s 
kyphosis: an observational controlled cohort study

angelo G. aulisa 1, 2 *, Martina Marsiolo 1, Valeria caloGEro 1, 
Marco GiordaNo 1, francesco falciGlia 1

1unit of orthopedics and traumatology, bambino Gesù children’s hospital, rome, italy; 2department of human sciences, society and 
health, university of cassino and southern lazio, cassino, frosinone, italy
*corresponding author: angelo G. aulisa, unit of orthopedics and traumatology, bambino Gesù children’s hospital, piazza s. onofrio 4, 00165 rome, 
italy. E-mail: agabriele.aulisa@opbg.net

This is an open access article distributed under the terms of the Creative Commons CC BY-NC-ND license which allows users to copy and 
distribute the manuscript, as long as this is not done for commercial purposes and further does not permit distribution of the manuscript if 
it is changed or edited in any way, and as long as the user gives appropriate credits to the original author(s) and the source (with a link to 
the formal publication through the relevant DOI) and provides a link to the license. Full details on the CC BY-NC-ND 4.0 are available at 
https://creativecommons.org/licenses/by-nc-nd/4.0/.

a b s t r a c t
bacKGrouNd: in the literature, there are several papers on scheuermann’s kyphosis. it is a structural deformity of the spine that is character-
ized by anterior wedging of 5° or more of 3 adjacent thoracic vertebral bodies with kyphosis measuring greater than 45° between t5 and t12. 
bracing treatment is able to obtain, during skeletal growth, remodeling of the deformed vertebrae.
aiM: the aim of this study was to evaluate the effectiveness of conservative treatment in scheuermann’s kyphosis at a minimum follow-up of 
10 years.
dEsiGN: this is an observational controlled cohort study nested in a prospective clinical on-going database in patients with scheuermann 
kyphosis.
sEttiNG: inpatients and outpatients in rome.
MEthods: from a consecutive series of patients included in a prospective database, we selected 158 patients with thoracic scheuermann’s 
kyphosis who were treated using an anti-gravity brace: 93 males and 65 females. the mean age at the beginning of the treatment was 14 years. 
the time bracing prescribed was a max of 20 hours daily and a min of 16 hours daily. Weaning was started when a full recovery of vertebral 
geometry was seen on a lateral radiograph view or when growing was ended. radiographical measurements were performed on radiographs from 
a lateral projection at baseline (t1), at the end of the treatment (t2) and at 10 years of minimum follow-up (t3). to avoid the great variance in the 
range of curve angles in thoracic kyphosis (tK) that rely on the radiological position, X-rays were performed observing the following position: 
standing with head straight, arms bent at 45° and hands lightly placed on a support. the anterior wedging angle (alpha) of the apex vertebra and 
the degrees of the curve (cobb methods) were analyzed using statistical analysis.
rEsults: the results from our study showed that in 158 patients with tK curves, the mean cobb angle was 57.6±6.3 sd at baseline, 43.3±7.8 
sd at the end of treatment and 44.49±7.4 sd at ten years of follow-up. the alpha angle was 14.43±2.535 sd at baseline and 8.571±3.589 sd at 
the end of treatment, and after ten years of follow-up, it was 8.654±3.57 sd. the mean duration of treatment was 28.42±12.07 months, and the 
mean follow-up was 128.3±11.07 months. the difference between baseline and end of treatment, tested with the one-way aNoVa comparisons 
test, was significant (P<0.0001) for both Cobb angle and alpha; instead, the difference between the end of treatment and follow-up was not 
significant (P=0.3277).
CONCLUSIONS: The results confirm that conservative treatment in Scheuermann’s kyphosis during skeletal growth is effective. Bracing treat-
ment can remodel the deformed vertebrae.
cliNical rEhabilitatioN iMpact: at the 10-year follow-up after bracing, kyphosis curve correction was stable over time.
(Cite this article as: aulisa aG, Marsiolo M, calogero V, Giordano M, falciglia f. long-term outcome after brace treatment of scheuermann’s ky-
phosis. Eur J phys rehabil Med 2023;59:529-34. doi: 10.23736/s1973-9087.23.08070-X)
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suggested that bracing provides less correction and might 
be less durable than surgery. this suggestion could be ex-
plained by recognizing that all available studies investi-
gating bracing treatment have been small, retrospective, 
and limited to level iV evidence.18 therefore, the aim of 
this study was to evaluate the effectiveness of conserva-
tive treatment with an antigravity brace in scheuermann’s 
kyphosis with a long-term follow-up of a minimum of 10 
years.

Materials and methods

We observed 158 consecutive patients with thoracic 
scheuermann’s kyphosis from our database treated with 
an antigravity brace between 2004 and 2010. Ethical clear-
ance was obtained from our centre’s clinical research eth-
ics (prot. n.599), as per the 1964 declaration of helsinki. 
all patients and their parents gave informed consent for 
enrolment in the study.

Ninety-three patients were male, and 65 were female. 
the mean age at the beginning of the treatment was 
14.2±1.8 years.

inclusion criteria: thoracic kyphosis (tK) greater than 
45°; risser score between 0 and 2 at baseline; apex t7 or 
lower; and no contraindication to brace treatment.

Exclusion criteria: tK greater than 75°; bMi>25; con-
comitant musculoskeletal diseases; neurological diseases; 
metabolic diseases; the presence of congenital spine defor-
mities; and previous spinal surgery.

the mean curve magnitude before treatment, mea-
sured by cobb’s method, was 57.8°, which falls within 
the guidelines for conservative treatment.19 all cases were 
treated with anti-gravity braces (figure 1).

the antigravity brace consists of a plastic valve struc-
ture, a front opening and an adjustable sternal metal struc-
ture. The profile is shaped posteriorly below the scapulae, 
and at the height of the midline, the valve is extended up 
to the apex of the kyphosis. the principle that makes the 
brace is the three-point concept. The mechanical efficacy 
is obtained through a direct push on the kyphosis apex 
and a counterthrust on the sternum obtained with a sternal 
plate connected to the valve via two adjustable rods placed 
at the level of the sternoclavicular junction. the third point 
consists of the reduction of hyperlordosis, obtained with 
pressure on the abdominal cavity.

the time spent in the brace was a minimum of 18 hours 
per day. clinical review was conducted every 3 months. 
these frequent visits aimed to facilitate and verify compli-
ance by establishing an open and friendly relationship with 

scheuermann’s disease is an idiopathic structural defor-
mity of the thoracic spine in the sagittal plane. it was 

first described by Scheuermann in 1920 as a condition dis-
tinct from postural kyphosis based on spine stiffness; he 
used the term “osteochondritis juveniles dorsi,”1 but the 
condition is universally known today as scheuermann’s 
kyphosis. the typical radiologic criteria of scheuermann’s 
kyphosis include wedging of three consecutive vertebrae 
(more than 5°) with no evidence of congenital, infectious, 
or traumatic disorders of the spine.2 these criteria are ex-
tensively acknowledged and used today. in addition, there 
are other pathologic changes, such as endplate irregularity, 
loss of disc space height, schmorl’s nodes (in some cases), 
and anterior detachment of the epiphyseal region of the 
vertebra.3 the disease has a prevalence ranging from 4% 
to 10% of the population.4, 5 the etiology of scheuermann 
disease remains unclear; however, multiple theories have 
been suggested. scheuermann thought that osteonecrosis 
of the vertebral ring apophysis caused longitudinal growth 
arrest of the anterior vertebral plate, thus causing wedg-
ing of the vertebrae.1 schmorl postulated that disk material 
herniated through the vertebral end plates leads to weaken-
ing of the vertebral plate and disk height, vertebral body 
wedging, and node formation.6 other authors hypoth-
esized that the softness of the vertebral endplate is likely 
due to predisposing genetic factors that influence the qual-
ity of matrix components (collagen types ii and iX) and 
chondrocytes.6, 7 fotiadis et al. proposed that mechanical 
stress influences the severity of spinal impairment associ-
ated with scheuermann’s deformity.8

clinically, the pathology is manifested by uncorrectable 
hyperkyphosis and may be associated with back pain.

Vertebral geometry changes in scheuermann’s kyphosis 
and the results of orthopedic treatment have been evaluat-
ed by radiographic measures of both curve magnitude and 
vertebral wedging on lateral X-ray projection.9-13 howev-
er, in some cases, the clinical evolution of the deformity is 
not correlated with radiographic parameters.

orthopaedic treatment aims to reduce pressure on the 
front part of the vertebral endplates and alleviate pain. it 
may also help in healing certain localized lesions. con-
sequently, bracing is indicated for painful scheuermann’s 
disease and/or mild kyphosis (between 45° and 65°).5 al-
though positive results have also been shown in curves 
up to 70° cobb,14 there is a lack of robust data to sup-
port conservative treatment in these larger curves. despite 
the apparent benefit of bracing treatment, the effect on the 
natural history and progression of disease remains under 
scrutiny.15, 16 in a recent systematic review, huq et al.17 
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gate the treatment effect on both cobb and alpha param-
eters and whether this effect was moderated by the dura-
tion of the treatment. a p value of less than 0.05 was con-
sidered significant, and Bonferroni correction was applied 
when necessary.

statistical analysis was carried out using stata® (Ver-
sion 17, statacorp llc).

Data availability

the data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

the results from our study with 158 patients showed that the 
mean thoracic curve magnitude was 57.6±6.3° sd at base-
line, 43.3±7.8° sd at the end of treatment and 44.49±7.4° 
sd at the ten-year follow-up. the alpha angle was 
14.43±2.535° sd at baseline, 8.571±3.589° sd at the end 
of treatment and 8.654±3.57° sd at ten years of follow-up. 
the mean duration of treatment was 28.42±12.07 months, 
and the mean follow-up was 128.3±11.07 months (table i).

regarding the treatment effect on alpha, after bonfer-
roni correction (0.05/3=0.017), there was a significant dif-
ference between T1 and T3 (P<0.001) and T2 (P<0.001). 
No significant differences were found between T2 and T3 
(P=0.614) (Figure 2).

regarding the treatment effect on thoracic cobb magni-
tude, after Bonferroni correction (0.05/3=0.017), there was 
a significant difference between T1 and T3 (P<0.001) and 
T2 (P<0.001) and between T2 and T3 (P=0.002) (Figure 3).

The effect of treatment on alpha was significantly 
(P<0.001) moderated by the duration of the treatment it-
self. in fact, the effect of the treatment on alpha was not 
the same at different treatment durations (figure 4). in this 
case, the treatment duration was treated as a continuous 
variable, in which case the developed model would be 
considered to be a cubic growth model. the likelihood-
ratio test was used to test the difference between nested 
models (i.e., linear, quadratic, cubic).

accordingly, the effect of treatment on cobb angle was 
significantly (P<0.001) moderated by the duration of the 

the patients. frequent checks were also made to increase 
bracing efficacy over time. Weaning was started when a 
full recovery of vertebral geometry was seen on a latero-
lateral radiograph view or when growth was finished. No 
exercises were performed.

lateral X-rays were performed at our radiology depart-
ment, and patients were evaluated in a standing position 
with their head straight, arms bent at 45° and hands placed 
on a support. radiographic measurements were recorded 
at the beginning (t1) at the end of the treatment (t2) and at 
10 years of minimum follow-up (t3).

Vertebral geometry at t1, t2 and t3 was evaluated ac-
cording to the following parameters: cobb degrees for 
kyphotic curve magnitude and anterior wedging angle 
(alfa) of the apex vertebra. all parameters were mea-
sured by two independent observers. the alfa angle was 
determined by measuring the angle between two lines 
along the superior and inferior vertebral endplates. these 
parameters were chosen because they were shown to be 
the most significant in a previous study.20

Statistical analysis

the mean and standard deviation of the kyphosis degree 
as the cobb and alfa angles at baseline (t1), at the end of 
treatment (t2) and at follow-up (t3) were calculated.

a repeated measures mixed model was used to investi-

figure 1.—antigravity brace.

Table I.—� Radiographic and main data.
time of treatment in months cobb t1 cobb t2 cobb t3 follow-up in months alpha t1 alpha t12 alpha t3

Mean 28.42 57.6° 43.28° 44.49° 128.3 14.43° 8.571° 8.654°
sd 12.07 6.31 7.871 7.421 11.07 2.535 3.589 3.573
sE of Mean 0.9698 0.502 0.6262 0.5904 0.8809 0.203 0.2873 0.2861
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While the prognosis of untread scheuermann disease 
has been suggested to be benign, there is a lack of consen-
sus in the literature. in fact, many authors report that struc-
tural hyperkyphosis in adolescents causes back pain and 
body image dissatisfaction during sensitive developmental 
ages. it has also been reported that curves greater than 65° 
may continue to progress even after skeletal maturity, thus 
leading, in adulthood, to very severe deformity, chronic 
back pain, lower quality of life and poorer general health 
compared with the general population.5 brace treatment 
of scheuermann’s kyphosis is indicated for painful and/
or mild kyphosis (45°<TK°<65°), while its efficacy in the 
management of severe kyphosis, greater than 70°, remains 
unclear and lacks consensus.14-17

treatment itself. however, the treatment duration magni-
tude effect was observed, and the effect of the treatment 
on alpha was not the same at different treatment durations 
(figure 5).

both figure 4, 5 demonstrate a moderate correlation of 
correction with the duration of treatment. this can be at-
tributed to the varying severity of hyperkyphosis, as there 
are instances that achieve correction in a shorter time.

Discussion

the aim of our study was to evaluate the effectiveness of 
conservative treatment in scheuermann’s kyphosis at a 
minimum follow-up of 10 years.

figure 2.—alpha degrees at baseline t1, end of treatment t2 and at fol-
low-up t3.

figure 3.— cobb degrees at baseline t1, end of treatment t2 and at fol-
low-up t3.

figure 4.—prediction curve of alpha related to duration of treatment. figure 5.—prediction curve of cobb related to duration of treatment.
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ment in scheuermann’s kyphosis during skeletal develop-
ment is effective and facilitates remodeling of the wedged 
vertebrae. the biomechanical principles of the antigravity 
brace and its action on wedged vertebrae have been de-
scribed previously.30, 31 based on this long-term follow-up, 
we confirm that using the ALFA angle of the apex verte-
bra to study vertebral reconstruction allows us to achieve 
a better knowledge of the response to anti-gravity brace 
treatment.

the strengths of this study undoubtedly lie in its ex-
tended follow-up period and the measurements conducted 
by two operators.

Limitations of the study

the study limitations include the young age of patients at 
follow-up, the hours of compliance, only by the oral con-
firmation of the patients, and the low BMI, which could 
potentially lead to an overestimation of the effectiveness 
of the brace.

Conclusions

The results confirm that conservative treatment in Scheuer-
mann’s kyphosis during skeletal growth is effective. fur-
thermore, bracing treatment can remodel the wedged ver-
tebrae, and the correction is stable over time. We reiterate 
that vertebral remodeling is a complex mechanism and 
that alfa angles allow us to reach a better understanding 
of the scheuermann spine response to anti-gravity brace 
treatment.
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