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History

Purpose

Joseph C. Risser first described what now is called the
Risser sign in 1958 [17]. Risser observed that the state of
ossification of the iliac apophysis was associated with the
state of a patient’s spinal skeletal maturity, a critical piece
of information in the management of adolescent scoliosis
[17]. His findings developed from work he did with
Ferguson in 1936, which showed growth of the spinal
column and progression of scoliosis were more rapid in
children between 10 and 15 years old than in children
between 5 and 10 years [18]. However, the difficulty of
evaluating the vertebral growth plates drove him to look for
a surrogate that could indicate vertebral growth potential.
Risser found the completed excursion and ossification of
the iliac apophysis were generally concurrent with that of
the vertebral growth plates, and so he concluded, ‘‘the
attachment of the iliac apophysis has proved to be an
excellent physiologic sign to indicate the completion of the
vertebral growth’’ [17].

Adolescent idiopathic scoliosis is relatively common.
Depending on the degree and type of curvature, treatment
can range from observation to invasive procedures
including surgery for correction of spinal deformity and
fusion. The more severe the curve, the more likely surgery
is to enter the conversation between patient and physician.
For curves that are not severe at the time of presentation,
the decision regarding whether to operate depends on the
surgeon’s belief regarding whether the curve will progress
as the patient grows. The best predictors of curve progression are growth potential and growth velocity, both of
which are functions of skeletal maturity [4, 23]. This
parameter guides followup interval, duration of brace
treatment, the decision to operate, and timing of surgery.
Physicians who treat adolescent idiopathic scoliosis use
markers that correlate with skeletal maturity to assist in
treatment decisions, including chronologic age, skeletal
age, menarchal stage, and stage of development of the iliac
crest apophysis (Risser stage) [15]. Among these, the
Risser stage perhaps is the most widely used indicator for
skeletal maturity.
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The Risser Staging System
Risser divided the steps of ossification and fusion of the
iliac apophysis into six stages (Risser Stages 0–5), with the
higher numbers describing advancement toward skeletal
maturity. Stage 0 describes an x-ray on which no ossification center is seen in the apophysis, whereas Stage 5
represents complete ossification and fusion of the iliac
apophysis. Two slightly different versions of the Risser system are in use; the differences concern Stages 2 to 4 [2, 3, 13].
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The United States Risser staging system divides the
excursion of the apophysis into quarters of the iliac crest
beginning anterolaterally and progressing posteromedially
(Fig. 1), whereas the French Risser staging system divides
the excursion of the apophysis into thirds (Stages 1–3),
with Stage 4 representing complete ossification and initiation of apophyseal fusion (Fig. 1). It is important to be
aware of this difference when communicating Risser
stages, as the French version will tend to stage apophyseal
fusion by one less stage than the US system [2].

Confirmation and Validation
Since its introduction in 1958, the Risser stage has been
used extensively but, importantly (unlike many other
radiographic signs in common clinical use), it also has been

Fig. 1 The French and US Risser
staging systems have six stages.
Stage 0 in the US and French
systems is defined as no ossification of the apophysis. In the
French system, ossification of
the iliac wing is divided into
thirds and represents Stages 1, 2,
and 3. Stage 4 defines the period
when the apophysis commences
fusion to the iliac wing posteriorly, whereas Stage 5 is when
fusion of the apophysis to the iliac
wing is complete. Ossification of
the apophysis in the US system is
divided into quarters, defining the
first four stages (1, 2, 3, 4). Risser
Stage 5 describes the period when
the ossified apophysis fuses to the
iliac wing.
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validated. More than 20 years ago, Goldberg et al. found
acceptable interobserver reliability for the Risser stage
(Kappa = 0.8) [8]. In a larger and more recent study, Reem
et al. reconfirmed this finding and concluded the Risser
stage is ‘‘a reliable radiographic parameter when evaluating
the growth potential in children with scoliosis’’ [16].
Sanders et al. found the Risser stage was one of several
valid approaches to determining skeletal maturity (the
others being the Tanner-Whitehouse-III, Greulich and Pyle,
and Oxford methods), and that the Risser stage correlated
with peak curve progression [19]. In addition to acceptable
interobserver reliability and clinical utility, the Risser stage
also reflects the local biology with some precision; one
study found the histologic stage of iliac apophyseal chondrocytes also was inversely correlated with Risser stage,
and further confirms the Risser stage as a useful indicator
of growth potential in adolescent idiopathic scoliosis [22].
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Limitations
Ossification of the iliac apophysis typically progresses
along the iliac crest from anterolaterally to posteromedially.
However, anomalous ossification progression of the iliac
apophysis does occur, and sometimes can complicate
accurate Risser staging [21]. Radiographic technique also
may be important; evaluation of the apophyseal ossification
excursion from anterolaterally to posteromedially is more
difficult when viewing the iliac crest on posteroanterior
films because of the overlapping ilium [9]. Izumi actually
found distortion on the PA films to be so significant that he
concluded, ‘‘…the appearance of the iliac apophysis on
posteroanterior radiograph cannot be used as a reliable
indicator of skeletal maturity [9]. To address this issue,
Shuren et al. recommend performing bending AP pelvis
films (recumbent AP oblique bending views) to more
accurately determine Risser stage since this portrays ‘‘the
entire excursion of the iliac apophysis, whereas in the
posteroanterior views, the ilium obscures the apophysis’’
[21]. Reem et al. also stated that reliability can be improved
when the Risser stage is assessed on full pelvis radiographs
allowing for determining closure of the triradiate cartilage,
fusion of the greater trochanteric apophysis, and ossification
of the lateral acetabulum, these being particularly useful
when distinguishing between Risser Stages 0 and 5 [16].
Another weakness of the Risser staging system is related
to the fact that greatest curve progression typically occurs
concomitantly with greatest peak height velocity [11, 23].
.
Little et al. showed that peak height velocity and 2 3 of
pubertal growth occurs before the first signs of iliac
apophysis ossification, thus before Risser staging becomes
useful [11]. Furthermore, Risser Stage 4 has commonly
been thought of as a point at which there is cessation of
curve progression, thus justifying longer intervals between
observation and waning concern for scoliotic curve progression. However, there is strong evidence that Risser
Stage 4 is not an accurate measure for cessation of curve
progression and that trunk growth continues until Risser
Stage 5 [1, 9, 14]. This has been verified by histologic
studies that show substantial vertebral end-plate growth
persists in Risser Stage 4 and that Stage 5 was the only
accurate indicator of vertebral growth cessation [12]. This
is especially true in adolescent boys with idiopathic scoliosis where the natural history of idiopathic scoliosis differs
from that in girls [4, 10]. Karol et al. showed that boys
commonly have late onset of scoliosis and delayed curve
progression often in Risser Stage 5, decreasing the usefulness of the staging system in boys [10].
Furthermore, Sanders et al. concluded the Risser stage
was poorly correlated with the period of greatest curve
progression (R value, 0.60), whereas the newer Digital
Skeletal Age (Tanner-Whitehouse-III RUS score) better
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correlated with curve progression [19, 20]. The TannerWhitehouse method can be difficult and time consuming to
use [6] with the Digital Skeletal Age also being cumbersome to obtain and arguably more appropriate as a research
tool [20]. To improve the correlation of curve progression
and Risser staging system, Nault et al. proposed a modification to the Risser system where Stage 0 was divided into
two groups (open triradiate cartilage and closed triradiate
cartilage) [13]. They found this improved the predictive
power of the staging system to determine the initiation of
curve progression and better correlated with Digital Skeletal Age [13]. Dimeglio also proposed that Risser Stage 0 be
subdivided into open triradiate cartilage and closed triradiate cartilage in order to make Risser stage 0 more useful
[6]. Derived from the Sauvegrain method that assesses
skeletal age by using the development of elbow ossification
centers, Demeglio et al. proposed a simplified system that
evaluates morphologic development of the olecranon to
determine the accelerating growth phase [7]. To make
Risser Stage 0 more useful, this simplified olecranon
method has been validated and proposed to be used in
conjunction with patients with Risser Stage 0 disease to
determine skeletal age and peak height velocity [5].
Even so, the Risser classification remains one of a relatively small number of orthopaedic classifications that is
reliable, clinically useful, and reflects the local biology; for
these reasons and for its relative simplicity and familiarity
to pediatric orthopaedic surgeons, the Risser system
remains in wide use.

Conclusions/Uses
The Risser staging system is a reliable and useful tool, but
as shown above, one that is best used in a broader context,
along with other tools that help the clinician to gauge
skeletal maturity, particularly growth potential. Proposed
modifications to the Risser staging system have been made
to have it more closely correlate with Digital Skeletal Age
scores, which have been shown to represent periods of
greatest curvature acceleration [13, 19, 20]. To improve the
prediction of curve progression, the Risser stage should be
used in conjunction with other tools such as skeletal age,
chronologic age, and time since menarche in females. In
particular, clinicians should remain cognizant of the two
versions of the Risser staging system and that vertebral
growth can persist even at Risser Stage 4.
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