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A Historical Perspective of the Management of
Scoliosis
Gözde Yağcı1
ABSTRACT

, Nilgün Bek2

Efforts to treat spinal deformity have a long and fascinating history. The ancient Greek physicians Hippocrates and Galen
are credited with early descriptions of the condition, management, and the term scoliosis, though even earlier references
are seen in Hindu epics. The first known treatment techniques used axial traction and pressure. Subsequent cast correction
required fixation of the pelvis and flattening of lumbar lordosis. Bracing superseded traction as the primary means to treat
spinal deformities in the 1900s. The first spinal fusion surgery was performed in the 20th century. Scoliosis treatment was
greatly improved with the recognition of the 3-dimensional nature of scoliosis and its symptoms. Advances in nonsurgical
treatment alternatives included the Milwaukee brace and the subsequent development of underarm plastic braces, such as the
Boston brace, the Wilmington brace, and the Chêneau brace. Today, treatment options include bracing, and scoliosis-specific
exercises selected according to the curve type and severity, in addition to surgery.
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INTRODUCTION
Spinal deformity has been recognized and treated using various techniques in a long and fascinating history dating back millennia. The earliest known written sources describing correction of spinal abnormalities date back to
Indian religious mythological books from 3500 BCE. In the ancient world there was an interest in developing the
human being as a whole to optimize functional capacity and harmony; medicine, religion, philosophy, athleticism,
and other disciplines, values, and beliefs often intersected. Plato believed that a flexible spine was the product
of divine intervention. While much progress has been made, knowledge of the development of spinal deformity,
progression, and effective management still remains incomplete (1).
Early theories considered the unique structure of the human spine in examinations of altered posture, and spinal
deformities were treated with traction, casts, or braces. The definitions of diagnostic physical findings continued
to develop, and asymmetries in the shoulder and scapular regions were recognized as signs of scoliosis. The rotational component of scoliosis was introduced in the early 1800s, and in 1865, Adams developed the Forward
Bending Test. Scoliosis became easier to diagnose and led to prevalence studies (2). Idiopathic scoliosis is the most
commonly seen type (70%–80% of all scoliosis cases) (3). The prevalence of idiopathic scoliosis in the general
population has been reported to be 2% to 4% (4).
Due to the 3-dimensional nature of scoliosis deformity, the trunk and the whole body is affected biomechanically.
With torsion of the spine, spinal deformation can cause gibbosity and patient anxiety about cosmetic appearance.
Notable effects of scoliosis can include postural deviation, body asymmetries, scapular movement impairment,
unrealistic body image perception, and functional deviations, which can have a negative effect on health-related
quality of life (5, 6).
The management of scoliosis has a long history. Several devices were developed very early in recorded history
to correct curvature using traction with pressure or stretching methods (1). These include the ladder treatment
technique developed by Hippocrates (7). In more modern times, bracing became the primary treatment method
to correct curvature, followed by the introduction of underarm braces (8).
This review presents a historical perspective of developments in scoliosis management.

DEVELOPMENT of the TERM SCOLIOSIS
Treatment of spinal deformities dates back to at least the time of Hippocrates the Koan (9). Hippocrates
described the curvatures of the vertebral column very precisely, using the term ithiscolios to refer to a spine
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Table 1. Some landmarks in the history of scoliosis management
Year

Scientist

Significance

3500–1800 BCE

Unknown (India) (15)

First record of correction of spinal deformity

460–361 BCE

Hippocrates (11, 16)

First description of scoliosis, spinal manipulation, and corrective device

131–201 BCE

Galen (11)

First use of the term scoliosis

1510–1590

Ambroise Paré (8)

Recognition and definition of congenital scoliosis, metal corset corrective device

1824

Andrew Dods (13)

First to report rotation of the spine in lateral curvature

1869–1932

Russell Hibbs (27)

First spinal fusion for kyphosis and scoliosis

1892–1982

Joseph Risser (28)

Development of Risser sign

1947

Pierre Stagnara (38)

First 3-dimensional adjustable brace made of plaster cast: the Lyon brace

1969

Dean MacEwen (29)

First custom-made plastic thoraco-lumbo-sacral orthosis: the Wilmington brace

that is curved in the sagittal plane but straight in the coronal
plane; however, scoliosis was used in a general sense for any
spinal curve (9). Hippocrates reported 2 developmental causes
of scoliosis: accumulations in the interior of the spine, which was
likely a reference to tuberculosis abscesses; and long-term bed
rest due to illness. Hippocrates associated scoliosis with chronic
pulmonary disease (9).
Galen of Pergamon, some centuries later, studied the texts of Hippocrates and refined the definition (10). Galen added the terms kyphosis, lordosis, and scoliosis to describe types of spinal deformity
(11). His work was fundamental to our knowledge of diseases of
the spine and anatomy, including the number of vertebrae in each
spinal segment (12).
Hodgkin and Adams (13) credited Dods, an English doctor, with
drawing attention to rotation of the spine in lateral curvature. Dods
published “Pathologic Observations on the Rotated or Contorted
Spine, Commonly Called Lateral Curvature” in 1824, and it appears that he reached his conclusions by palpating the transverse
processes. Guerin also reported rotation in scoliosis in “On the
Treatment of the Deviations of the Spine by Section of the Muscles
of the Back” in 1843.
Adams (14) published work on the pathology and treatment of
curvature of the spine in 1882. He created the pivotal Forward
Bending Test and emphasized trunk asymmetry associated with the
rotation of the spine.
Scoliosis is now known to be a 3-dimensional deformity with
lateral deviation and axial rotation of the spinal column (3).
This definition emerged as a result of many centuries of studies
and shapes the choices and content of the treatment offered
today. Some landmarks of scoliosis management are shown
in Table 1.

straighten Kubja, who was deformed in three places. He pressed
her feet by his foot, held her chin by two fingers and pulled
her up. By the touch and pull of Lord, she became a beautiful
straight woman.” It seems that Kubja may have had both 3-curve
scoliosis and kyphosis.
Hippocrates is recognized as the first to use spinal manipulation
and invent and use devices for therapeutic treatment related to
the spine (16). He suggested that kyphosis should be treated
with body traction and local pressure applied to the apex of the
deformity (7). He proposed several methods to address spinal
curvature, and included the role of nutrition (9, 17). One device
was the Hippocratic ladder that used the weight of the body: The
patient was tied to a ladder and shaken. The positioning of the
patient was related to the location of the hump. The patient was
restrained in an upright position if the hump was in the cervical
region, while if the hump was at a lower level, the patient was
positioned upside down. The treatment called for an abrupt end
to the agitation; the sudden release was believed to be therapeutic as a pulling force that strengthened the spine (18).
The Hippocratic board was another device used to manage scoliosis (9, 18). A preliminary vapor bath was recommended, and
the patient was to lie on the board stretched out in the prone position with the arms fastened to the body. Three soft, yet strong,
bands were fastened around the chest/shoulders, the knees, and
the heels, and attached to a pole to create extension of the spine.
A trained individual used their hands, foot, or the whole body to
press on the hump area while applying traction to extend the
body evenly in a straight line.

TREATMENT of SCOLIOSIS in ANCIENT TIMES

Galen further developed the studies of Hippocrates and refined
the treatment according to the type of spinal deformity (11).
Galen’s contributions to the treatment of spinal deformities were
a primary influence on medical treatment for centuries. While
some of his work is thought to have been lost, his early guidance
was exceptional.

The use of axial traction in scoliosis management is an ancient
idea. The earliest known source is Hindu epics (3500–1800
BCE) (15). The first known source to record treatment and
correction of spinal deformity is the Srimad Bhagavata Mahapurana, an ancient Indian religious mythological text (15). The
treatment of a young hunchback woman was described as “To
shower the fruits of his blessings, happy Lord Krishna decided to

Ibn Sina, also known as Avicenna, a Persian physician of the
Islamic Golden Age, was another father of medicine. He, too,
advocated the use of stretching, pressure, or traction to correct
bone and joint deformities brought about by curvature of the
spine (such as the Hippocratic ladder or board). He also suggested the use of diet therapy in the management of musculoskeletal
deformities (19).
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SCOLIOSIS MANAGEMENT in the PREMODERN ERA
Traction, massage and spinal manipulation, electrical stimulation, exercise, and braces have all been prescribed therapies for spinal deformities. They have ancient roots, and alongside recommendations for
diet and other therapies, they were the most effective treatment method until the 16th century. However, the degree of spinal correction
was limited and the prolonged effect of bracing couldn’t be ensured.
The next significant development regarding scoliosis management
was Paré’s recognition of congenital scoliosis, as well as a female
prevalence in the disease, in the mid-1500s. Paré was the first
physician to recommend perforated iron corsets for children with
various spinal deformities. Paré also recognized other causes and
the ineffectiveness of corrective bracing treatment following skeletal maturation. His studies informed the development of modern
bracing techniques commonly used today (8).
Venel, another pioneer in the field, established the first known
orthopedic clinic, in Switzerland in 1780, which specialized in
children’s spinal deformities. He emphasized the importance of
bracing in the management of skeletal distortions (20). Sometimes
referred to as the “father of orthopedics,” Venel defined the 3-dimensional balance of the spine acknowledged today by recognizing
the need to derotate a scoliotic spine (21).
Chessher is credited as the first British orthopedist and invented
several devices designed to support and correct fractures and spinal
deformities. Chessher’s collar, developed in 1824, was a new apparatus to stretch and support the spine as a means of correction
(20) (Fig. 1). The success of the device is uncertain, but it was an
important invention that influenced therapeutic technique.
Delpech, a surgeon in France in the early 19th century, emphasized
the importance of exercise in the treatment postural deformity and
pain. He noted the role of balance and muscle tone on joint stability on posture and he explored different developmental causes of
scoliosis, as well as introducing subcutaneous tenotomy (22).
Galeazzi, an Italian orthopedic surgeon now well known for research related to forearm fracture, also studied scoliosis and other skeletal diseases. He invented a device to derotate the spine
using 2 metal arches with a chair fixed in between. The patient’s
body was positioned in the desired posture using clamps and
gears to effect correction. Bracing was subsequently applied with
plaster of Paris (23).
Sayre, an orthopedic surgeon in the USA, developed a plaster of
Paris body cast to correct deformities. Sayre used a combined protocol of operative and nonoperative techniques that included the
use of partial suspension and retention with the cast that came to
be known as the Sayre jacket. The success rate of the treatment is
questionable, due to variation in patient age and deformity type;
however, Sayre’s (24) studies contributed to modern techniques of
bracing for patients with scoliosis.
Also notable in the timeline of developments in the treatment of scoliosis is Roentgen’s discovery of the wavelength range known as X-rays
in 1895. The imaging tool based on this revelation provided better
understanding of the anatomy and has since become a standard tool.
It also contributed to the formation of new spinal fusion methods using metal or bone and to better spinal stabilization after surgery (25).

Figure 1. A Chessher’s collar
Drawn by the authors

Hadra, an orthopedic surgeon in the USA, was the first to perform
spinal fusion surgery for a patient with a dislocated fracture by
wrapping wires around the spinal column for stabilization in the
treatment of tuberculosis. He recognized his colleague, Wilkins,
with inspiring the procedure. It was Lange, a German surgeon,
who first used fusion surgeries for patients with scoliosis, in 1909.
He used a fusion protocol to correct spinal curvature by supporting
the spine with celluloid bars, steel, and silk wiring, which is very
similar to today’s surgical stabilization approaches (26).
Hibbs, an orthopedic surgeon in the USA, developed an innovative surgical technique to reduce the progression of structural
kyphosis and scoliosis in the early 1900s. A plaster cast that
incorporated hinges at the apex of the curve to be corrected
to adjust tension, known as a turnbuckle jacket, was used for
preoperative correction. The cast was divided into upper and
lower sections joined with a side-facing hinge on the convex
side of the deformity and a turnbuckle screw on the concave
side of the curve. The device was designed to straighten the
spine by applying laterally bending forces (Fig. 2). The patient
then underwent spinal fusion surgery, and was subsequently
immobilized in a plaster cast for 2 to 3 months. Although the
operation often had complications, such as infection, recurrence of the deformity, or pseudoarthrosis, Hibbs’s work on
spinal fusion was a significant step in the development of modern surgical techniques (8, 27).
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Figure 2. A turnbuckle cast

Figure 3. A Milwaukee brace

Drawn by the authors

Obtained from the Bilim Orthopedics-Orthotic Prosthetics Center, Ankara, Turkey

Key points: Principles of Bracing in the Premodern Era
• The flexibility of the spine was considered to be a good guide
in efforts to correct scoliosis. Cast correction required fixation
of the pelvis and flattening of lumbar lordosis to achieve the
best possible result. Excessive and prolonged lateral pressure
applied to the spine by a brace was believed to cause greater
rib deformity. Bracing efforts were largely not successful until
the 1900s.

Harrington (30), an American orthopedic surgeon, is known for
scoliosis deformity treatment using internal fixation. His surgical
approach is still widely used today, known as the Harrington instrumentation system. It is a minimally invasive implant procedure
most suited to single and double thoracic idiopathic curves; however, there is limited derotation and sagittal plane control. Luque,
from Mexico, improved on the technique in the 1970s with the
Luque (31) implant, which provided more stable fixation with sublaminar wiring rods contoured for correction as needed. This innovation meant that patients were no longer required to wear a brace
after surgery. However, an increased risk of neurological damage
was reported because the wires passed through the spinal canal.

•

Scoliosis-specific exercise was also recommended in the
1800s (2).

A cornerstone of the evaluation of scoliosis is the use of the Risser sign and staging system based on the attachment of the iliac
apophysis as a means to assess skeletal maturity, developed by
Risser. Risser and Ferguson (28) developed a radiographic method
to assess the progression of scoliosis in the early 1900s. The Risser
sign is still widely used to evaluate spinal curvature and in the selection and planning of a treatment approach.
In the 1950s, Risser made a modification to the turnbuckle cast,
called the Risser localizer cast. It was much lighter, more contoured,
and provided greater focus of lateral forces for correction and easy
ambulation. The cast was used to correct scoliosis in the immature
skeletons of adolescent patients and to prevent curve progression
in the mature skeletons of adults (29).

MODERN CONCEPTS in SCOLIOSIS TREATMENT
Modern choices for nonoperative scoliosis therapy include bracing,
exercise, electrical stimulation, manipulation, and biofeedback.
Bracing is the conservative method with the greatest evidence of
ability to reverse curve progression in individuals with idiopathic
scoliosis. The indications for bracing are curves between 20° and
45° and continued growth.
Several scoliosis-specific exercises have been developed and are
used to encourage 3-dimensional correction of a spinal deformity
and stabilization of correction based on different muscle functions
and integration into daily life (4).
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Figure 4. (a) A modified Boston brace; (b, c) Another Boston brace with a dynamic antirotatory component seen from the
front and side view
Obtained from Bilim Orthopedics-Orthotic Prosthetics Center, Ankara, Turkey

Cotrel and Dubousset, French orthopedic surgeons, improved the
approach used for scoliosis surgery and introduced techniques used
in the modern era. They first used a multiple hook and contourable
rod system in 1984. This system consists of bilateral rods used to
bring the spine to a desired position and hooks and/or screws used
to fix the vertebrae. The technique offers correction of vertebral
rotation and of the associated rib hump, which is the main purpose
of today’s spinal fusion surgery (32).
In recent years, new implants, such as MAGEC (MAGnetic Expansion Control) growing rods (NuVasive Inc., San Diego, CA, USA),
have been introduced as an alternative means to surgically treat children with severe scoliosis. Magnetic rods are implanted and lengthened using an external remote control during the child’s growth
period. The curvature can usually be corrected by some 50% at the
time of the initial surgery. Benefits include the ability to reduce the
number of surgical interventions and the associated risks (33).
Modern Bracing Approaches
Blount developed the Milwaukee brace, a cervical-thoracic-lumbar-sacral orthosis (CTLSO) that extends from the pelvis to the
skull, in 1946 (Fig. 3). The Milwaukee brace was the first modern brace successfully used as nonoperative treatment of spinal
deformities and became the standard. The brace was developed
for postoperative care, but was subsequently used to prevent curve
progression in adolescents with a curve of 25° to 40°.
The design of the brace used 2 important principles: longitudinal
traction and curve correction. Longitudinal traction was provided
by the pelvic module in combination with the neck ring. Corrective forces were applied from posterolateral region to the apex

of the deformity with lateral pads. Flattening lumbar lordosis was
considered critical to maximize the correction of scoliosis. Earlier
braces had only used passive forces to correct the curve. The Milwaukee brace applied both passive and active forces to achieve
the best possible correction. Passive correction was provided by
direct pressure through the pads or by traction based on the brace
design. Active correction was thought to be provided with active
body movement away from pressure points (29). Non-compliance
and complications, such as mandible and teeth deformities due to
the chin pad, emerged as limitations to the device (34). However,
as a CTLSO, the Milwaukee brace can still be appropriate in some
cases, for example, thoracic curves with an apex at or above the
T8 level where underarm orthosis is not effective (29, 35, 36).
The advent of a thoraco-lumbo-sacral orthosis (TLSO) brace, a type
of underarm brace that fits under the arm and around the rib cage,
lower back, and hips, offered more comfort and less conspicuous
correction. Originally, a TLSO was prescribed for single lumbar
and thoracolumbar curves. Later TLSO braces have been designed
for use with different types of curvatures, including double curves
and single thoracic curves. The selection of an appropriate brace
includes consideration of the patient’s age, cosmetic appearance,
amount of decompensation, and the stiffness of the curve (35).
All TLSOs developed for scoliosis apply external corrective forces
to the trunk with different intensities to correct the 3-dimensional
nature of spinal deformity (4, 37). SOSORT (The International Scientific Society on Scoliosis Orthopaedic and Rehabilitation Treatment) and other organizations hold regular meetings and publish
consensus statements about brace classification, effectiveness, and
innovations in the field (37).
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The Lyon brace was developed in France in 1947 by Stagnara
(1917–1995). It was the first 3-dimensional adjustable brace based
on a plaster cast. The Lyon brace was designed to elongate the patient’s trunk with equal distribution of forces on the right and left in
an attempt to create global spinal detorsion. Precise adjustment of
the brace is required during the growth period. The original Lyon
brace has been modified and improved in recent decades, including
the Lyon ARTbrace (Asymmetrical Rigid Torsion brace) (38).
The first rigid custom-made plastic TLSO was the Wilmington
brace, introduced by MacEwen in 1969. Advantages of the brace
included a low-profile, lightweight design that was made of thermoplastic material molded to the body. It also offered removability, though full-time wear (23 hours/day) was typically prescribed
during the growth period (29).
The Boston brace, developed in the 1970s in Boston, MA, USA,
by Hall and his orthotist, Miller, is another TLSO brace that has
been widely used (39). It differed from the Wilmington brace in that
it was prefabricated in 6 sizes, rather than customized. A Boston
brace has a low profile, is made of rigid material, and has symmetric corrective characteristics with interior pads and posterior
closures. The brace design includes passive (apical pad pressure
on the convexity) and active corrective forces (open areas of the
superstructure on the concavity provides curve reduction by the
forces acting from pads to these open areas). Two important design characteristics are derotation of the deformity and flattening
of lumbar lordosis. In the early 1990s, the original brace design
was modified to incorporate 15° of lumbar lordosis into the pelvic
module to achieve derotation correction of the curve. The Boston
bracing system was designed for full-time wear (18–23 hours a day,
every day) with the exception of time spent bathing, swimming,
physical education, and engaged in sports (29, 39).
The Providence brace and Charleston nighttime brace were subsequent alternatives developed to address some concerns, including
the need for continuous wear (40). The Boston brace has also been
modified and remains in use (Fig. 4). Modifications include production based on individual measurements and the addition of an
anterior opening. Other improvements provide greater protection
of lumbar lordosis and increased derotational effect (41).

Figure 5. A Chêneau brace
Digital image, Shutterstock, September 2018. Web ID: 497453587

sign of the brace in terms of shape, upper and lower borders,
pressure areas, expansion chambers etc., and molding according
to the patient’s body profile. The milling machine is used to create
a 3-dimensional model of the trunk (44).
Modern Exercise Approaches
The most commonly used method of exercise for scoliosis treatment today is the Schroth approach, which was developed in
Germany by Schroth, who herself suffered from scoliosis and had
unsuccessful results with bracing. In the early 1900s, Schroth developed a personalized, functional, evidence-based, nonsurgical
option to treat scoliosis. Mirror monitoring to synchronize corrective movement, breathing, and functional correction were key elements of the therapy. (45).

The Chêneau brace was developed in France in 1979 (Fig. 5). It is a
rigid TLSO that provides 3-dimensional correction of a spinal deformity, yet is dynamic because it uses a system of multipoint pressure
zones and expansion chambers. The brace provides both active and
passive correction. The passive correction mechanism of the brace is
based on pressure on the convexity of a curve and wide expansion
chambers in the frontal, sagittal, and horizontal planes on the opposite side. The active correction mechanism uses pressure zones, asymmetrically guided expansion according to respiratory movements, repositioning of the trunk muscles, and the antigravity effect (42).

CONCLUSION

Today, computer-assisted design/computer assisted manufacturing
(CAD/CAM) technologies are used to design and manufacture the
Chêneau brace. Foort (43) was the first use CAD-CAM technology
in the prosthetics and orthotics industry in the 1970s. A CADCAM system uses 3 units: a milling machine, a computer station,
and a digitizer. The digitizer unit records 3-dimensional data of
body shape in digital format, computer software provides the de-

The history of efforts to manage scoliosis begins in ancient times.
Early methods used traction and local pressure as corrective principles, and the devices and treatments could be aggressive and
painful. Over time, developments in casting and bracing, as well as
surgical techniques have led to greater success correcting or reducing the progression of structural kyphosis and scoliosis. Significant
advancement was achieved with the recognition and accommoda-

Other scoliosis-specific exercise methods originating in Europe are
the SEAS (Scientific Exercise Approach to Scoliosis) method from
Italy, and the DoboMed (Dobosiewicz) and the FITS (Functional Individual Therapy of Scoliosis) methods from Poland, Lyon therapy
from France, and Side-shift therapy (Mehta) from England (46, 47).
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tion of the 3-dimensional nature of scoliosis, rather than relying
on traction. Advancements in science and technology have led to
more effective and more practical plastic underarm braces as well
as exercise approaches to remedy curve progression. Modern braces are less obtrusive and more comfortable, and scoliosis-specific
exercises can improve quality of life by improving posture while
correcting the spine. The benefits of physical activity, recognized
by the early Greeks, are acknowledged to be valuable at every stage
of scoliosis rehabilitation, both in the pre- and post-surgical period,
or as an accompaniment to bracing. When conservative treatment
is not sufficient, today’s surgical techniques provide an important
and beneficial option.
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