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Background: For growing patients, it is ideal to have a growth plate visible in routine radiographs for skeletal maturity
assessment without additional radiation. The proximal femoral epiphyseal ossification is in proximity to the spine;
however, whether it can be used for assessing a patient’s growth status remains unknown.

Methods: Two hundred and twenty sets of radiographs of the spine and the left hand and wrist of patients with idiopathic
scoliosis were assessed for skeletal maturity and reliability testing. Risser staging, Sanders staging (SS), distal radius
and ulna (DRU) classification, the proximal humeral ossification system (PHOS), and the novel proximal femur maturity
index (PFMI) were used. The PFMI was newly developed on the basis of the radiographic appearances of the femoral head,
greater trochanter, and triradiate cartilage. It consists of 7 grades (0 to 6) associated with increasing skeletal maturity.
The PFMI was evaluated through its relationship with pubertal growth (i.e., the rate of changes of standing and sitting body
height [BH] and arm span [AS]) and with established skeletal maturity indices. Longitudinal growth data and 780 corre-
sponding spine radiographs were assessed to detect peak growth using receiver operating characteristic (ROC) curve
analysis.

Results: The PFMI was found to be correlated with chronological age (tb = 0.522), growth rates based on standing BH
(tb = 20.303), and AS (tb = 20.266) (p < 0.001 for all). The largest growth rate occurred at PFMI grade 3, with mean
standing BH growth rates (and standard deviations) of 0.79 ± 0.44 cm/month for girls and 1.06 ± 0.67 cm/mo for boys.
Growth rates of 0.12 ± 0.23 cm/mo (girls) and 0 ± 0 cm/mo (boys) occurred at PFMI grade 6, indicating growth cessation.
Strong correlations were found between PFMI gradings and Risser staging (tb = 0.743 and 0.774 for girls and boys),
Sanders staging (tb = 0.722 and 0.736, respectively), and radius (tb = 0.792 and 0.820) and ulnar gradings (tb = 0.777
and 0.821), and moderate correlations were found with PHOS stages (tb = 0.613 and 0.675) (p < 0.001 for all). PFMI
gradings corresponded to as young as SS1, R4, U1, and PHOS stage 1. Fair to excellent interrater and intrarater
reliabilities were observed. PFMI grade 3 was most prevalent and predictive for peak growth based on ROC results.

Conclusions: The PFMI demonstrated clear pubertal growth phases with satisfactory reliability. Grade 3 indicates peak
growth and grade 6 indicates growth cessation.

Clinical Relevance: The use of PFMI can benefit patients by avoiding additional radiation in skeletal maturity assess-
ment and can impact current clinical protocol of patient visits. PFMI gradings had strong correlations with SS, DRU
gradings, and Risser staging, and they cross-referenced to their established grades at peak growth and growth cessation.
PFMI may aid in clinical decision making.
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P
ediatric spinal and limb deformities require accurate
assessment of remaining growth potential. Determining
when peak height velocity (PHV) and the period of

growth cessation occur is crucial for prompt brace intervention
and weaning for scoliosis management1,2 and for epiphysiodesis
or limb-lengthening surgery3-5. As chronological age is not
accurate in indicating the timing of pubertal growth landmarks
such as PHV6, skeletal bone age is an essential measure along
with secondary sexual characteristics7. Skeletal maturity status
can be a crucial factor for treatment prognosis and an indicator
for the risk of curve progression7-10.

There are multiple skeletal maturity measures currently in
use for assessing growth, including Risser staging11, triradiate
cartilage closure12-14, Sanders staging (SS)15, the distal radius and
ulna (DRU) classification16, and the proximal humeral ossification
system (PHOS)17. Unlike the poor sensitivity of Risser staging for
predicting PHV18,19, SS and the DRU classification have been
found to be effective for indicating peak growth7,14,20, predicting
curve progression in adolescent idiopathic scoliosis (AIS)21,22, and
deciding when to wean from brace wear23. Despite these advan-
tages, assessment requires a hand and wrist radiograph, resulting
in additional radiation exposure. The use of the proximal humeral
ossification center was previously explored; however, there are dif-
ficulties in its visualizationwithout distortion because of the current
standards of arm positioning for radiographs with fists on clavicles
but arms slightly forward for better visibility of the sagittal spinal
alignment24. Conversely, physes at the pelvis can be considered for
skeletal maturation assessment as the parameters of the pelvis and
the spine were found to be correlated in previous studies25,26.

With the advent of biplanar stereoradiography, whole
body images with complete visibility of the proximal femoral
epiphysis are feasible without gonadal shields27. This growth
plate has the benefits of viewing convenience on spine radio-
graphs and its proximity to the axial skeleton. Thus, additional
radiation exposure is minimized. Currently, an established
grading system for bone age based on spine radiographs is lacking
for patients with spinal deformities. For the patients with slipped
capital femoral epiphysis28, the modified Oxford bone score
incorporating 5 radiographic features of the pelvis (i.e., the ilium,
triradiate cartilage, femoral head, and the greater and lesser tro-
chanters) is used for predicting the risk of contralateral slip29. The
score is complex as each anatomical feature has 3 maturation
stages, and it may not be suitable for quick assessment.

The present study aimed to develop a proximal femur
maturity index (PFMI), which incorporated the appearance of
the femoral head, greater trochanter, and triradiate cartilage for
growth assessment. The PFMI was investigated by (1) evalu-
ating the relationship of the PFMI gradings with pubertal
growth, (2) assessing the relationship of PFMI with other
maturity parameters, and (3) determining how the index
covers the pubertal growth period.

Materials and Methods
Study Design

Patients who were referred to our tertiary scoliosis clinic
with the diagnosis of idiopathic scoliosis from February

2016 to February 2019 were considered for recruitment. All
skeletally immature patients with Risser stage 0 at first con-
sultation were included. Patients were required to have a left
hand-and-wrist radiograph and a posteroanterior spine radi-
ograph made on the same day as the initial consultation and on
any subsequent visit (see Appendix 1). Exclusion criteria
included patients with growth hormone deficiency or devel-
opmental delay, or those at a Risser stage of ‡1 at initial
assessment (Fig. 1). Ethics committee approval and informed
consent of the parent(s) or guardians of the enrolled patients
were obtained.

Data collection included patients’ chronological age, sex,
date of menarche for girls, standing and sitting body height
(BH), arm span (AS), and body weight. The coronal Cobb
angles were measured by the attending orthopaedic specialist
during each visit. Skeletal maturity was assessed every 4 to
6 months throughout the treatment period using Risser stag-
ing30 (from stage 0 to 5, with stage 0– indicating open triradiate
cartilage and stage 01 indicating closed triradiate cartilage31),
SS (ranging from SS1 to SS8)7, DRU classification (radius
grades from R1 to R11 and ulnar grades from U1 to U9)16, and
PHOS (stage 1 to 5)17.

Fig. 1

Flowchart of patient recruitment.
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Defining the Stages for the Proximal Femur Maturity Index
For the recruited patients, 1 experienced orthopaedic surgeon
(J.P.Y.C.) examined the radiographic appearances of the fem-
oral head, greater trochanter, and respective triradiate cartilage
in the spine radiographs. Any recurring pattern of radiographic
presentation of the physes was summarized in words as
descriptors of different stages from open toward physeal clo-

sure. This formed the preliminary framework of grading for the
new maturity index. Six orthopaedic surgeons converged as the
expert panel to develop the descriptions into specific wordings
that were refined as appropriate maturation grades via
consensus.

The PFMI consists of grades 0 to 6 (Fig. 2, Table I).
Each grade is composed of an assessment of the femoral head

Fig. 2

Proximal femur maturity index.
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and the greater trochanter and incorporates both of those
anatomical features and the triradiate cartilage for the final
grading.

Reliability Test
Two hundred and twenty spine radiographs from the recruited
patients were prepared by an investigator (P.W.H.C.) who was
not involved in the grading process. Multiple radiographs could
be extracted from one patient. The same panel of 6 orthopaedic
surgeons assessed the grades independently. They were blinded
to patients’ demographic and growth data and the hand-and-
wrist bone age, which was graded during the consultation. The
radiographs were then randomized and presented after 2 weeks
for another assessment.

Outcome Measures
Bodily growth rate was assessed by the change of the standing
BH, sitting BH, or AS between the day of maturity assessment
and the following visit, divided by the time interval elapsed.
Most follow-up visits were scheduled at intervals of 4 to
6 months. The amount of growth that occurred following the
date of skeletal maturity assessment was calculated for each
radiograph from which the gradings were made, as it is impor-
tant to assess the skeletal maturity measure for its predictive
ability for future growth. All clinical datawere retrieved from the
database independently from the radiographic assessments
performed by the raters.

Statistical Analysis
Data normality was tested using Shapiro-Wilk tests. Interrater
and intrarater reliability were investigated using the weighted kappa
coefficient, a conservative measure that takes into account the
closeness of agreement32 and assesses the level of disagreement
when the ratings are in ordered gradings33, but the intervals between
consecutive stagings are not necessarily equal34,35. Aweighted kappa
coefficient (kw) of ‡0.75 indicates excellent agreement; kw between
0.40 and 0.75 represents fair to good agreement beyond chance, and
kw of £0.40 represents poor agreement36.

We first examined whether skeletal maturity gradings
had any relationships with growth rates in the present study
cohort using ranked statistics Kendall tb. Scatterplots were
created to represent the growth rate per maturity grading to
examine the grade(s) at which peak growth and growth ces-
sation occurred. For the PFMI, we specifically compared the
growth rates between PFMI gradings using Kruskal-Wallis one-
way analysis of variance (ANOVA), followed by post hoc
pairwise comparisons with the Bonferroni correction. More-
over, the relationship between the PFMI and each other skeletal
maturity index was investigated using the Kendall tb correla-
tion test37. Distributions of PFMI gradings and their corre-
sponding hand-wrist maturity gradings were explored via
cross-tabulation. This allowed the examination of the range of
skeletal maturity being covered by the PFMI.

Longitudinal growth data were analyzed for patients who
had reached a skeletal maturity of PFMI grade 6 within the
study period and demonstrated a peak in the series of growth
rates. This amounted to 780 spine radiographs (608 for girls
and 172 for boys) for skeletal maturity assessment using the
PFMI, with an average of 7.5 visits per patient. For each patient,
PFMI grading was assessed at each visit, and the timing of the
greatest growth rate within that individual was indicated as
peak growth. Through receiver operating characteristic (ROC)
curve analysis and the area under the ROC curve, the accuracy
of the model predictions of the timing of peak growth by the
PFMI grading was evaluated. The cutoff PFMI grade with the
highest percentage of sensitivity and specificity was determined
as the most optimal grade for indicating peak growth.

A p value of <0.05 was considered significant. Descriptive
statistics and 95% confidence intervals (CIs) were reported
when applicable. Statistical analyses were conducted using
SPSS (version 26.0; IBM).

Source of Funding
Funding was received from the RGC Research Impact Fund
(R5017-18F).

Results

Atotal of 160 patients (70.6% were girls) with a mean major
coronal Cobb angle (and standard deviation) of 24.5� ±

10.1 were recruited (Table II). Reliability testing of the PFMI
indicated fair to good agreement between raters (kw = 0.67
[95% CI: 0.62 to 0.71; p < 0.001] for the first reader and 0.69
[95% CI: 0.65 to 0.72; p < 0.001]) for the second reader, with
excellent intrarater reliability (kw = 0.80 [95% CI: 0.78 to 0.82;

TABLE I Radiographic Characteristics of the PFMI Grades*

Grade Radiographic Characteristics†

0 The femoral head epiphysis is smaller than the
metaphysis (a tangential line along the femoral
neck does not overlap with the epiphysis).

1 The epiphysis is wider than the metaphysis at the
femoral head.

2 Lateral physeal beaking of the femoral epiphysis,
with a triangular greater trochanter, is evident.

3 Medial physeal beaking occurs at the femoral
head, with the lateral side beaking or closed. The
greater trochanteric notch or the double contour
line over the piriformis fossa is now visible.

4 The physeal plate of the femoral head begins to
narrow or fuse partially, with closure of the
triradiate cartilage. The middle of the physis at the
greater trochanter is also fused.

5 Both medial and lateral sides of the femoral head
physeal plate and of the greater trochanter are
closed. Only a scar is still visible at the femoral
head.

6 Physes of both the femoral head and greater
trochanter are completely fused.

*PFMI = proximal femur maturity index. †In the case of any
discrepancy between the right and left sides, the earlier, less
mature grade is used.
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p < 0.001]). At the 12-week reassessment of rater reliability
after the introduction of the flowchart (Fig. 3) to facilitate the
use of the new PFMI, an improvement of interrater reliability
was achieved (kw = 0.84 [95% CI: 0.83 to 0.85; p < 0.001]),
while intrarater reliability was maintained.

Significant correlations (p < 0.001 for all) were found
between the PFMI and chronological age (tb = 0.522) as well as

growth rates based on standing BH (tb =20.303) and AS (tb =
20.266), but not with sitting BH (tb = 20.070; p = 0.161),
although a similar trend was observed (Fig. 4). Scatterplots
revealed that the largest growth rate (in standing BH, sitting
BH, and AS) occurred at PFMI grade 3 for both sexes, except
for AS for boys, in which growth rates were similar for grade 2
(mean, 0.97± 0.71 cm/mo) and grade 3 (mean, 0.93± 0.50 cm/mo)

TABLE II Patient Profile

Whole Cohort Girls Boys

No. (%) of patients 160 (100) 113 (70.6) 47 (29.4)

No. (%) of radiographs 220 (100) 157 (71.4) 63 (28.6)

Chronological age* (yr) 12.0 ± 1.4 11.7 ± 1.3 12.6 ± 1.5

Postmenarche† (no. [%]) (n = 157) 43 (27.4)

Months after menarche* 11.4 ± 9.1

Standing body height* (cm) 148.8 ± 11.1 147.0 ± 10.2 153.5 ± 11.7

Arm span* (cm) 148.7 ± 11.4 146.6 ± 11.0 153.9 ± 11.0

Sitting height* (cm) 79.7 ± 5.6 78.8 ± 5.4 82.0 ± 5.6

Weight* (kg) 37.9 ± 9.1 37.2 ± 9.4 39.8 ± 8.3

Coronal Cobb angle* (major curve) (deg)

No bracing 24.1 ± 9.7 25.3 ± 10.0 21.5 ± 8.5

Out of brace measurement at time of radiograph 31.0 ± 9.6 30.4 ± 9.6 33.8 ± 10.0

In brace measurement at time of radiograph 18.2 ± 8.8 17.5 ± 8.3 22.0 ± 11.5

*The values are given as the mean and the standard deviation. †The values are based on the number of radiographs.

Fig. 3

Flowchart for the use of the PFMI. The classification system is used by incorporating both the femoral head and greater trochanter for final grading. Both

proximal femora are checked for accuracy. If there are discrepancies between the sides, the earlier grade is used.
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(see Appendix 2). Mean standing BH growth rates of 0.79 ± 0.44
cm/mo (girls) and 1.06 ± 0.67 cm/mo (boys) were observed as
the peak growth rates at PFMI grade 3. Conversely, mean growth
rates of 0.12 ± 0.23 cm/mo (girls) and 0 ± 0 cm/mo (boys)
occurred at PFMI grade 6, indicating growth cessation. Peak
growth rates (by mean values) were observed at Risser stage 01
and 0–, SS2 and 3, R6, U5, and PHOS stage 3 for girls, and at
Risser stage 01, SS3, R6/R7, U5, and PHOS stage 3 for boys.
Growth cessation occurred at Risser stage 4 (girls) and Risser

stage 5 (boys) and at SS8, R10, and U8 for both sexes. No growth
occurred at PHOS stage 5 for girls but this was uncertain for boys.

Within the PFMI, there were significant differences of
growth rates between PFMI grades x2[6] = 64.766 [p < 0.001]
for standing BH, x2[6] = 42.113 [p < 0.001] for sitting BH, and
x2[6] = 57.550 [p < 0.001] for AS). Pairwise comparisons re-
vealed that PFMI grade 3 had a significantly higher growth rate
(based on standing BH) than that of grade 4 (p = 0.022), grade
5 (p < 0.001), and grade 6 (p < 0.001). In contrast, PFMI grade
2 did not have significantly different growth rates compared
with grade 4 (based on standing BH, p = 0.196; and based on
arm span, p = 1.000). PFMI grades 2 and 3 had no significant
difference in growth rates (p > 0.99) either. PFMI grades 5 and
6 each had lower growth rates (standing BH and AS) than
grades 1 to 4 (p < 0.05 for all). However, no difference was
found between the growth rates (standing BH, sitting BH, and
AS) at grades 5 and 6.

Strong correlations were found between PFMI gradings
and Risser staging, SS, and DRU gradings (Table III), and
moderate correlations were found with PHOS stages. For both
sexes, cross-tabulation demonstrated that PFMI grade 3 cor-
responded to Risser stage 0 (2/1), SS2/SS3, R6/R7, U5, and
PHOS stage 3 (see Appendix 3), whereas PFMI grade 6 cor-
responded to Risser stage 3/4, SS7/SS8, R9/R10, U7/U8, and
PHOS stage 5 (Figs. 5-A and 5-B). PFMI grade 0 corresponded
to patients as young as Risser stage 0–, R4, U1, SS1, and PHOS
stage 1.

Longitudinal growth rates were evaluated for 80 girls and
24 boys, with a mean follow-up duration of 3.6 ± 0.8 years. At
peak growth, the mean growth rates were 1.03 ± 0.36 cm/mo
(based on standing BH) and 1.02 ± 0.33 cm/mo (based on AS)
for girls, and 1.37 ± 0.72 cm/mo (based on standing BH) and
1.16 ± 0.27 cm/mo (based on AS) for boys. The most prevalent
PFMI grade at peak growth was grade 3 for both sexes (Fig. 6).
ROC analysis (Fig. 7) revealed the cutoff PFMI grade with

Fig. 4

Mean growth rate at each grade of the PFMI.

TABLE III Associations Between the Grades of the PFMI and
Risser Staging, Sanders Staging, and the DRU
Classification*

Kendall Tau-b Correlation
Coefficient Versus PFMI† P Value

For girls

Risser staging 0.743 <0.001

Sanders staging 0.722 <0.001

Radius gradings 0.792 <0.001

Ulnar gradings 0.777 <0.001

PHOS 0.613 <0.001

For boys

Risser staging 0.774 <0.001

Sanders staging 0.736 <0.001

Radius gradings 0.820 <0.001

Ulnar gradings 0.821 <0.001

PHOS 0.675 <0.001

*PFMI = proximal femur maturity index, DRU = distal radius and
ulna, and PHOS = proximal humerus ossification system. †Kendall
tb correlation coefficient signified the strength of correlation;
strong: tb ‡ 0.7, moderate: 0.4 £ tb < 0.7, and weak: tb < 0.4.
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Fig. 5-A

Fig. 5-B

Figs. 5-A and 5-B Cross-referencing of the PFMI gradings with Risser stages, Sanders stages (SS), radius (R) and ulnar (U) gradings, and proximal humeral

ossification system (PHOS) stages; themost prevalent grade(s) (in percentages) within each skeletal maturity index are stated for girls (Fig. 5-A) and boys

(Fig. 5-B). BH = body height.
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highest sensitivity and specificity for predicting peak growth
was grade 3.5 (Table IV).

Discussion

In this study, we established the PFMI and evaluated each
stage on the basis of growth parameters as well its strong

relationships with the SS, DRU classification, and Risser staging
and its moderate correlation with the PHOS. The diagnostic
ability and effectiveness of the PFMI grading in indicating peak
growth were also evaluated on the basis of longitudinal growth
data. Because of the inaccuracy of Risser staging38, as well as the
wish to avoid radiation exposure from hand-wrist radiographs,
another growth plate with progressive epiphyseal closure in
proximity to the spine is desirable.

For the whole study cohort, the PFMI was found to
have a well-defined pubertal growth pattern, with accelera-
tion, peak growth, and deceleration, from grade 0 through
639. This suggests that the proximal femoral epiphyseal mat-
uration is representative of the adolescent growth pattern and
can be used for adolescent growth assessment. Apart from the
correlations found between the PFMI gradings and growth
rates based on standing BH and AS, the comparison of growth
rates between individual PFMI grades was important. This
probing within the skeletal maturity system indicated that

PFMI grades 4, 5, and 6 each captured significantly lower
growth rates than grade 3. This indicates that grade 3 is the
stage when PHV takes place, and subsequent growth occurs
within the growth deceleration phase (Fig. 4). Longitudinal
growth data also revealed that PFMI grade 3 was the most prev-
alent and most predictive grading of PFMI for peak growth. For
boys, however, despite the very high specificity, the cutoff PFMI
grade for peak growth had relatively lower sensitivity, prompting
the need for future studies with large numbers of male patients.
PFMI grades 5 and 6 were found to have significantly smaller
growth rates than the other grades, and thus marked the begin-
ning of the growth plateau. The differentiation of pubertal growth
into the 7 PFMI grades was shown to be capable of clearly
delineating PHV from pubertal growth deceleration, and the
growth plateau may begin after grade 5. However, we need to
emphasize that PFMI grade 0 was rare (seen in only 2 boys) in this
study cohort, which reflects the reality of unbiased subject
recruitment at our scoliosis clinic. This necessitates further
investigation of the use of the PFMI and its validation in scoliosis
diagnosed before the age of 10 years40, given that there is no
delayed development or dysplasia of the hip, physeal plate of the
femoral head, or growth plate at the greater trochanter41.

Our findings also include very strong correlations of the
gradings between the PFMI and the established SS, DRU

Fig. 6

Frequency of PFMI grades for peak growth based on standing BH for girls (Fig. 6-A), AS for girls (Fig. 6-B), standing BH for boys (Fig. 6-C), and AS for boys

(Fig. 6-D).
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classification, and Risser staging, which are commonly used in
patients with AIS. Independent analysis of these other skeletal
maturity indices within this same cohort showed that PHV was
located at Risser stages 01 and 0–, SS2 and 3, R6, and U5 for
girls, and at Risser stage 01, SS3, R6/R7, and U5 for boys, being
consistent with previous studies of each respective index15,20,42,43.

This provides evidence that our population cohort is repre-
sentative of the patients of interest, making cross-referencing
with these established indices valid.

When cross-referencing among indices, PFMI grade 0
corresponded to as immature as SS1, R5, and U2 in boys and
PFMI grade 1 corresponded to SS2, SS1, R4, and U1 in girls

Fig. 7

The receiver operating characteristic (ROC) curve of PFMI gradings for indicating peak growth based on standing BH for girls (Fig. 7-A), AS for girls (Fig. 7-B),

standing BH for boys (Fig. 7-C), and AS for boys (Fig. 7-D).
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(Figs. 5-A and 5-B). This demonstrates comprehensive cover-
age of the PFMI for peripubertal growth independent of
chronological age at presentation. The uses of the PFMI in
younger patients or at the prepubertal phase should be further
explored.

In addition, the panel of reviewers reevaluated the newly
developed index and looked for any possibility of improving its
usability. A flowchart (Fig. 3) was proposed, and the ossifica-
tion of the triradiate cartilage as an important anatomical
feature in PFMI was emphasized (Fig. 2). Most patients (59%
of girls and 70% of boys) at PFMI grade 3 still had an open
triradiate cartilage, whereas all of those who reached PFMI
grade 4 had a closed triradiate cartilage. Risser stage 1 only
appeared at a PFMI stage of ‡4, coinciding with previous
findings of Risser stage 1 commonly occurring after the growth
spurt21. The triradiate cartilage as an additional feature in this
index helps improve its user-friendliness and accuracy. After
introducing the flowchart and emphasizing the triradiate car-
tilage ossification, interrater reliability was much improved.

Limitations of this study include the lack of very
immature patients in the AIS cohort, and the use of the PFMI in
younger age groups should be studied. The capacity of the
PFMI to estimate the risk of curve progression needs to be
evaluated. Particularly, a specific study design should be tai-
lored for studying skeletal growth assessed by the PFMI in
relation to curve progression with or without intervention. The
use of the PHOS and PFMI to determine growth cessation in
boys requires further investigation. Also, the issue of BH loss
relating to the presence of scoliosis, especially for sitting BH,
should be addressed. Whether growth can be represented more
accurately by using formulae for correcting BH loss44,45 prompts
the need for in-depth probing. Future studies should also
include validation of the PFMI in other ethnicities to improve
its worldwide applicability46. Moreover, despite the fact that the
lower dose of radiation in biplanar stereoradiography allows
scanning without the need for gonadal shields47, there may be
concerns for visualizing the proximal femur in centers with
conventional imaging that requires the use of gonadal shields.

The PFMI has been established with 7 stages defined by
an open physis until complete ossification of the proximal

femoral and greater trochanteric growth plates (Fig. 2). This
new index can denote the acceleration and deceleration phases
of the pubertal growth period and has very strong correlations
with the Risser, Sanders, and DRU staging systems. The prox-
imal femoral epiphysis is visible in routine spine radiographs,
allowing skeletal maturity assessment through convenient
viewing and thus avoiding additional radiation exposure. The
PFMI can help to determine the timing of peak growth and
growth cessation, which are important pubertal growth land-
marks for the timely management of scoliosis and lower limb-
length discrepancy.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/G876). n
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TABLE IV Receiver Operating Characteristic (ROC) Curve Analysis for Peak Growth*

Peak Growth Based on Growth
Parameters (BH and AS) AUC† P Value

Cutoff Grade
of PFMI Sensitivity (%) Specificity (%)

Girls
BH 0.805 (0.766-0.843) <0.001 3.5 75.7 73.4
AS 0.768 (0.723-0.814) <0.001 3.5 74.9 74.0

Boys
BH 0.758 (0.684-0.832) <0.001 3.5 62.7 95.2
AS 0.719 (0.638-0.800) <0.001 3.5 60.5 82.1

*BH = standing body height, AS = arm span, AUC = area under the ROC curve, and PFMI = proximal femur maturity index. †The 95% confidence
interval is given in parentheses.
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