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The Rickets Severity Score (RSS) was used to evaluate X-linked hypophosphatemic rickets (XLH), a genetic
disorder mediated by increased circulating FGF23. The reliability of the RSS was assessed using data from a
randomized, phase 2 clinical trial that evaluated the effects of burosumab, a fully human anti-FGF23 monoclonal

Ra(_iiOIOgy antibody, in 52 children with XLH ages 5 to 12years. Bilateral knee and wrist radiographs were obtained at
s,];;:gz;:m baseline, week 40, and week 64. We evaluated the relationships of the RSS to the Radiographic Global

Impression of Change (RGI-C), serum alkaline phosphatase (ALP), height Z-score, 6-minute walk test (6MWT)
percent predicted, and the Pediatric Orthopedic Society of North America Pediatric Outcomes Data Collection
Instrument (POSNA-PODCI). The RSS showed moderate-to-substantial inter-rater reliability (weighted kappa,
0.45-0.65; Pearson correlation coefficient (r), 0.83-0.89) and substantial intra-rater reliability (weighted Kappa,
0.66; r = 0.91). Baseline RSS correlated with serum ALP (r = 0.47). Baseline RSS identified two subgroups
(higher [RSS =1.5] and lower RSS [RSS < 1.5]) that discriminated between subjects with greater and lesser
rachitic disease. Higher RSS was associated with more severe clinical features, including impaired growth (Z-
score, —2.12 vs —1.44) and walking ability (6MWT percent predicted, 77% vs 86%), more severe self-reported
pain (29.9 [more severe] vs 45.3 [less severe]) and less physical function (29.6 [more severe] vs 40.9 [less
severe]). During burosumab treatment, greater reductions in RSS corresponded to higher RGI-C global scores
(r = —0.65). Improvements in RSS correlated with decreased serum ALP (r = 0.47). These results show the
reliability of the RSS in XLH, and demonstrate that higher RSS values are associated with greater biochemical,
clinical, and functional impairments in children with XLH.

1. Introduction proportion of the growth plate affected [5]. It is a 10-point scale, where

10 represents the most extreme degree of rickets severity and O re-

Rickets is a disorder characterized by impaired mineralization and
ossification of the growth plates. Radiographs remain the gold standard
for accurately diagnosing and evaluating the severity of rickets [1-4].
Radiographic features of rickets at the growth plate reflect the pertur-
bations in cartilage maturation and apoptosis and in matrix miner-
alization and ossification. These manifestations are best seen at the
physes of rapidly growing bones, including the distal radius and ulna,
distal femur, proximal and distal tibia, and proximal humerus [4,5].

The Rickets Severity Score (RSS) is a quantitative method, validated
in nutritional rickets, to assess rickets severity in the wrists and knees
based on the degree of metaphyseal fraying, concavity, and the

presents the absence of radiographic changes of rickets. The radio-
graphic response following treatment of nutritional rickets can be as-
sessed by the RSS, and RSS values correlate with values of serum
alkaline phosphatase (ALP), a biochemical measure of rachitic activity.
Originally used to assess nutritional rickets in Nigerian children, the
RSS has been utilized in similar studies in other countries and in-
dependently validated in the US, India, Egypt, and Turkey [6-16]. The
RSS has also been used to assess treatment response in hypopho-
sphatasia, a rare hereditary form of rickets [17,18].

Unlike nutritional rickets, which is due to deficiencies of vitamin D
or calcium, X-linked hypophosphatemic rickets (XLH) is a hereditary
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form of rickets caused by loss-of-function mutations in the PHEX gene,
resulting in renal phosphate wasting mediated by increased circulating
FGF23 [19]. The radiographic features of rickets at the growth plate are
similar in XLH and nutritional rickets, although the severity and
duration of rickets vary considerably between the two disorders.
Radiographic features in XLH are slower to correct with conventional
therapy (oral phosphate and active vitamin D) than nutritional rickets
and some degree of growth plate abnormality usually persists despite
conventional therapy [20,21].

Because of the similar radiographic features observed in nutritional
rickets and XLH, the RSS was used as the primary endpoint to evaluate
the effect of burosumab in 52 children with XLH in a randomized, open-
label, phase 2 clinical trial, UX023-CL201. In this study, treatment with
burosumab provided a sustained increase in serum phosphorus levels to
normal or near normal levels. No clinically significant safety findings
with burosumab were observed during the trial, and the most com-
monly reported adverse events were common manifestations of XLH
[22]. Burosumab, which has been approved by the United States Food
and Drug Administration and the European Medicines Agency (EMA)
for treatment of patients with XLH based in part on the results of this
trial, is a fully human monoclonal antibody that inhibits FGF23. In the
phase 2 study, there was significant improvement in rickets severity
after 40 and 64 weeks of burosumab treatment, as assessed by two
different methodologies, the RSS and the Radiographic Global Im-
pression of Change (RGI-C) [22]. Here, our objective was to assess the
validity of the RSS in XLH by examining the relationship between the
RSS and severity of clinical and biochemical abnormalities at baseline,
radiographic changes after burosumab treatment, and inter- and intra-
rater reliability of the RSS.

2. Materials and methods
2.1. Radiographs

Study UX023-CL201 enrolled 52 children with XLH ranging from 5
to 12 years old (NCT02163577). The study initially enrolled 36 subjects
with XLH and radiographic evidence of bone disease, and was subse-
quently expanded to include additional subjects who were required to
have an RSS = 1.5 points at the knee. The institutional review board at
each participating site approved the protocol. Additional details re-
garding study design and treatment outcomes can be found in
Carpenter et al. [22]. Bilateral anteroposterior (AP) knee radiographs
and bilateral posteroanterior (PA) wrist radiographs were obtained at
screening (serving as baseline radiographs) and at weeks 40 and 64. A
manual was developed to standardize wrist and knee radiographs taken
at each site. The majority of enrolled patients had been on conventional
therapy for XLH prior to enrollment.

2.2. Rickets Severity Score method

The severity of rickets was measured using the RSS based on the
degree of metaphyseal fraying, concavity, and the proportion of the
growth plate affected [5]. Each radiograph was scored individually
without the need to reference any prior images for comparison, thereby
allowing the rater to remain blinded to radiograph sequence and
treatment status. Radiographs of the wrists and knees from individual
subjects were presented in random order and evaluated separately with
the reader blinded to the treatment status of the subject and the timing
of the radiograph.

Although radiographs of both knees and wrists at each assessment
time were available, the RSS methodology involves the unilateral as-
sessment of the more severely affected wrist and knee based on the
clinical judgment of the reader. The reader assigns separate scores for
the wrist (maximum score 4) and knee (maximum score 6) that are
summed to create a total RSS (0—10), where higher scores represent
greater severity of rickets (Table 1) [5]. The original RSS was slightly
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modified to allow for 0.5 point increments at the wrist rather than only
1.0 point increments. For the knee, the method assigns a multiplier
factor to the score at the femur and tibia: 0.5 if one condyle or plateau is
affected, and 1.0 if both condyles or plateaus are affected. The score of
each image was entered into an electronic data capture system and
transferred electronically to a central imaging facility. The scores could
not be retrieved from the system by the reader after submission.

2.3. RSS inter- and intra-reliability assessments

The inter-rater reliability of the RSS was evaluated from a total of
104 radiographs (both wrists and knees) from the phase 2 study, 52
from baseline and 52 from Week 40. Each of the 104 radiographs was
evaluated independently by four readers (TDT, PJT, ALC, and JMP).
Two of these readers (TDT and JMP) had participated in the original
validation of the RSS in nutritional rickets [5]. A rater manual was
developed by Ultragenyx and each reader was provided with training to
standardize the rating procedure. One of the four readers (TDT) had
already read all the radiographs in his role as the primary reader for the
phase 2 study. Therefore, this reader read each image twice and was the
only reader used in an intra-reader variability assessment.

2.4. Radiographic Global Impression of Change (RGI-C) method

Another radiographic scoring method, the RGI-C, validated and
compared with the RSS in hypophosphatasia [23], was used in the same
data set from the phase 2 study to provide complementary assessment
of the effect of treatment on rickets severity. The RGI-C utilizes a 7-
point ordinal scale to evaluate the extent of change between radio-
graphs taken at two different time points. Unlike the RSS, where each
radiograph receives a score, the RGI-C represents the reader's im-
pression of differences between earlier (baseline) and later (post-base-
line) time points and clinical significance is explicit. Three readers,
none of whom were readers for the RSS, conducted a side-by-side
comparison of radiographs of bilateral wrist images with the baseline
image on the left and post-treatment image on the right, and assigned a
wrist score. RGI-C scores of —3, —2, and —1 between the two radio-
graphs measured indicate severe, moderate, and minimal worsening,
respectively; a score of zero indicates no change; and scores of +1, +2
and + 3, indicate minimal healing, substantial healing, and complete/
near complete healing, respectively. Bilateral knee images were scored
similarly. The rater provided an RGI-C global score based on the overall
impression of changes in the wrist and knee images, using the same 7-
point scale. The average of the three readers' scores was calculated to
generate wrist, knee, and global scores. While the RSS is a quantitative
measure, the RGI-C provides a complementary qualitative evaluation of
radiographic changes. As a measure of the validity of the RSS, changes
in RSS with treatment were compared with the RGI-C score.

The relationship of the RSS with biochemical (serum ALP) and
clinical measures were also assessed. Clinical assessments included
height-for-age z-score and growth velocity, mobility (as evaluated with
the 6-minute walk test [EMWT]), and patient-reported pain and func-
tional disability (as measured with the use of the Pediatric Orthopedic
Society of North America Pediatric Outcomes Data Collection
Instrument [24]; normative scores range from O to 100, with higher
scores indicating better functioning).

To determine growth velocity, two regression lines were fitted for
each subject during the pre-treatment and treatment periods separately;
the slope of the regression line was used to estimate the growth velocity
in cm/year. Baseline growth velocity was estimated based on pre-bur-
osumab treatment data collected from patients' historical medical re-
cords from the 2 years prior to baseline. We did not use the standard
auxological method due to the limitation of historical growth data
collection.
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Wrist and knee Rickets Severity Score. Total possible score is 10, with 4 for the wrist and 6 for the knee.

Grade definitions for radius & ulna

0 Normal growth plate without changes of rickets

0.5 Lucency of metaphyseal margin without fraying or irregularity

1 Widened growth plate, irregularity of metaphyseal margin, but without concave cupping

1.5 Partial metaphyseal concavity or incomplete fraying of metaphyseal margin

2 Metaphyseal concavity with fraying of margins

Grade radius 0 0.5 1 1.5 2
Grade ulna 0 0.5 1 1.5 2
Radius grade __ + Ulna grade__ = Total wrist__

Grade definitions for femur & tibia

Normal growth plate without changes of rickets

0

1 Partial lucency, smooth margin of metaphysis visible

2 Partial lucency, smooth margin of metaphysis NOT visible

3 Complete lucency, epiphysis appears widely separated from distal metaphysis

Grade femur 0 1
Grade tibia 0 1
Femur & tibia multiplier 0.5 if < one condyle or plateau affected

(Femur grade __ x multiplier __) + (Tibia grade__ X multiplier __) = Total knee__

2 3
2 3
1 if two condyles or plateaus affected

2.5. Statistical analysis

The relationships between total RSS and biochemical and functional
continuous variables were assessed with the Pearson correlation coef-
ficient (r). Total RSS at baseline was dichotomized into two subgroups:
higher RSS (=1.5) and lower RSS (< 1.5). Baseline impairments were
compared between the high and low RSS groups using two-sample t-
test. A cut-off score of 1.5 was chosen to divide the groups based on the
median total RSS of the study population at the time of the first interim
analysis with 36 subjects. After the initial 36 subjects were enrolled,
another 16 subjects were enrolled to provide additional safety and ef-
ficacy data, and to enrich for the rickets endpoint; the 16 additional
subjects were required to have an RSS =1.5 at the knee. Least-squares
mean values were used to assess change in the RSS between baseline
and week 64 radiographs. Least-squares mean values were calculated
with generalized estimating equation models (SAS 9.4) and included
visit, regimen, visit by regimen as factors, and total RSS at baseline as a
covariate, with exchangeable covariance structure. The differences in
baseline impairments were tested by ANOVA between RSS < 1.5 vs
=1.5. All p-values were presented as nominal p-values. No adjustment
for multiplicity was made.

For RSS inter- and intra-rater reliability assessments, the inter-rater
agreement was assessed for all pairs of readers, and for the one reader
who read the radiographs twice, RSS of the first read was compared
with RSS of the second read for the intra-rater assessment. Inter- and
intra-rater agreement of the RSS was assessed using Pearson's and
Spearman's Correlation Coefficients, agreement rate, and Weighted
Kappa (Cicchetti-Allison weights). Only Pearson's Correlation
Coefficients are reported, but were similar to analyses using Spearman's
Correlation Coefficients (data not shown). The interpretation of
agreement for the weighted Kappa was categorized as follows: almost
perfect (0.80-1.00), substantial (0.60-0.79), moderate (0.40-0.59), fair

Table 2
RSS inter- and intra-rater reliability in subjects with XLH.

(0.20-0.39), slight (0.00-0.19), and poor (< 0.00) [25].

3. Results
3.1. Study population and RSS

Primary results up to week 64 were previously reported in
Carpenter et al. [22]. Briefly, a total of 52 subjects were included in this
analysis. Mean (SD) age was 8.5 (1.9) years. Overall, mean (SD) RSS at
baseline was 1.80 (1.09), ranging from 0 to 4.5. Baseline RSS from the
phase 2 study were used to identify two subgroups (higher and lower
RSS subgroups) to compare subjects with greater and lesser degrees of
rachitic disease. At baseline, 34 subjects had a higher RSS (=1.5) and
18 subjects had a lower RSS (< 1.5). In the higher and lower RSS
subgroups, the mean (SD) baseline RSS was 2.46 (0.69) and 0.56 (0.34),
respectively. Three subjects had a baseline RSS of zero; nevertheless,
these subjects all had positive PHEX mutations and hypophosphatemia,
and showed other skeletal abnormalities, including bowing of the legs.

After 64 weeks of treatment with burosumab, the mean (SD) RSS
had improved overall to 0.88 (0.56). The mean (SD) RSS in the higher
and lower RSS subgroups at week 64 was 1.01 (0.56) and 0.61 (0.47),
respectively. The least squares mean change in RSS from baseline to
week 64 was —0.92 overall (p < 0.0001). In the higher and lower RSS
subgroups, least squares mean change from baseline to week 64 was
—1.44 (p < 0.0001) and +0.06 (p = 0.54), respectively [22].

3.2. Reliability of the RSS in XLH

The inter-rater RSS reliability between four independent readers of
104 radiographs from the phase 2 study is presented in Table 2. Exact
agreement and agreement within = 0.5 point are shown in Table 2 for
the RSS; weighted kappa values were 0.45 to 0.65 and Spearman

Analysis Reader Identical agreement (%) Agreement within *+ 0.5 (%) Weighted kappa (95% CI) Pearson correlation
Inter-rater 2vs 3 21/103 (20.4%) 55/103 (53.4%) 0.57 (0.48, 0.65) 0.826

2vs 4 34/103 (33.0%) 71/103 (68.9%) 0.65 (0.57, 0.72) 0.864

2vs1 20/103 (19.4%) 60/103 (58.3%) 0.50 (0.43, 0.58) 0.863

3vs4 19/104 (18.3%) 62/104 (59.6%) 0.58 (0.51, 0.65) 0.871

3vs1 21/104 (20.2%) 54/104 (51.9%) 0.45 (0.38, 0.52) 0.866

4vs1 25/104 (24.0%) 68/104 (65.4%) 0.56 (0.49, 0.63) 0.887
Intra-rater lvs1l 38/104 (36.5%) 88/104 (84.6%) 0.66 (0.60, 0.72) 0.911
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Fig. 1. Relationship between baseline ALP and RSS.

Note: normal ranges for ALP vary based on the age and gender of a child. The
approximate upper limit of normal for healthy children between 5 and 12 years
of age is 297 to 385 U/L.

correlation values were 0.69 to 0.82.

Intra-rater RSS reliability from radiographs in the phase 2 study was
superior to or similar to inter-rater reliability (Table 2). A weighted
Kappa of 0.66 and Pearson and Spearman correlation coefficients (0.91
and 0.90, respectively) showed substantial agreement and a high level
of consistency.

3.3. RSS correlates with alkaline phosphatase in XLH

At baseline, higher serum ALP levels were associated with higher
RSS (Fig. 1, r = 0.47; p = 0.0005). At baseline, mean (SD) serum ALP
levels were greater in the higher RSS subgroup than in the lower RSS
subgroup (497 [95] vs 388 [85] U/L) (p = 0.0002).

3.4. RSS correlates with clinical features of XLH

RSS subgroup analysis also discriminated between subjects with
greater or lesser impairments in growth, mobility, and other clinical
features at baseline. Higher baseline RSS was associated with more
severe clinical features and poorer functional assessments, including
growth, walking ability, and self-reported pain and physical function
(Table 3). Subjects in the higher RSS subgroup had a mean standing

Table 3
Comparison of baseline growth and functional measures by RSS subgroup.
Higher RSS Lower RSS p value
(=1.5) (<1.5)
(N =34) (N =18)
Standing height
Z score, mean (SD) —-2.1(1.0) —1.4 (0.9 0.0183
Pre-treatment growth velocity, cm/ 5.1 (1.3) 5.9 (1.2) 0.0271
year, mean (SD)
6MWT
Distance (m), mean (SD) 468.2 (94.3) 511.3 (96.9) 0.1272
% predicted distance, mean (SD) 77.4 (13.7) 86.0 (13.5) 0.0349
Subjects with 6MWT < 80% 20 (58.8%) 4 (22.2%) 0.6052
predicted distance at baseline, n
(%)
POSNA-PODCI
Sports/physical functioning scale 29.6 (17.0) 40.9 (16.2) 0.0275
(score), mean (SD)
Pain/comfort scale (score), mean (SD) 29.9 (14.6) 45.3 (13.4) 0.0006

6MWT, 6-minute walk test; POSNA-PODCI, Pediatric Orthopedic Society of
North America Pediatric Outcomes Data Collection Instrument.
p values are based on two-sample t-test.
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height z-score of —2.1 compared to —1.4 in the lower RSS group.
Growth velocity was also lower for the higher RSS subgroup by nearly
1 cm/year (5.1 vs 5.9 cm/year).

Walking ability, as measured by the 6-minute walking test (6MWT),
also showed greater impairment in the higher RSS subgroup with a
mean percentage of predicted normal walking distance of 77%. Nearly
60% of subjects in the higher RSS subgroup had baseline 6MWT va-
lues < 80% of predicted normal (defined as impaired) compared with
~20% for the lower RSS subgroup.

Finally, patient/caregiver perception of impairment was greater for
the higher RSS subgroup with lower mean (SD) scores for the Sports/
Physical Functioning and Pain Comfort scales of the POSNA-PODCI.
Mean scores for these scales were within 1 SD of the norms for a healthy
population (Mean = 50, SD = 10) at baseline for the lower RSS sub-
group. For the higher RSS subgroup, mean baseline scores for the
Sports/Physical Functioning and Pain Comfort scales were 2 SD below
the norm, 29.6 (17.0) and 29.9 (14.6), respectively, indicating limited
ability to participate in age-appropriate gross motor activities and
greater pain associated with more severe rickets.

3.5. Sensitivity of RSS to changes in rickets severity

Improvement in rickets was related to decline in serum ALP. At
Week 64, mean (SD) serum ALP levels decreased from 459 (105) U/L at
baseline to 369 (76) U/L at Week 64, which approaches the upper limit
of normal range for healthy children between 5 and 12 years. Changes
in ALP correlated with changes in RSS after 64 weeks of burosumab
treatment (r = 0.47; p = 0.0008; Fig. 2), with greater reductions in ALP
associated with greater reductions in rickets severity as assessed by the
RSS. In the higher RSS subgroup, mean (SD) serum ALP levels de-
creased from 497 (95) U/L at baseline to 380 (76) U/L at week 64 and
in the lower RSS group from 388 (85) U/L at baseline to 345 (73) U/L.

Subjects with greater improvement in the RSS also showed greater
improvement in the RGI-C. During burosumab treatment, greater re-
ductions in total RSS corresponded to higher RGI-C global scores
(Fig. 3; r = —0.65; p < 0.0001). Concordance between the RSS and
RGI-C was also confirmed by a large overlap between RSS and RGI-C
responders. Of the 27 subjects with a baseline RSS =1.0 and an RGI-C
global score = +2.0 at Week 64, 21 (78%) had a reduction in RSS of
=>1.0 at Week 64. The mean (SD) change in RSS for subjects with RGI-C
global scores < +2.0 was —0.22 (0.64), compared with —1.55 (0.99)
for subjects with RGI-C global scores = +2.0.

4. Discussion

Our results demonstrate that greater rickets severity, as demon-
strated by RSS, in children with XLH was associated with higher serum
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BL = baseline; RGI-C = Radiographic Global Impression of Change;
RSS = Rickets Severity Score. Some dots may represent more than one subject.

ALP levels, greater growth impairments, increased pain, and worse
physical function at baseline. The RSS was a reliable and valid instru-
ment for evaluating the severity of radiographic rickets in XLH.

Assessment of rickets severity using the RSS showed that XLH ex-
hibits similar radiographic abnormalities at the growth plate as nutri-
tional rickets, reflecting the lack of mineralization and/or delayed
growth plate ossification. However, there are notable differences be-
tween nutritional rickets and XLH. Although the RSS in nutritional
rickets may range from 0.5 to 10, RSS values in XLH in this study were
more restricted, ranging from O to 4.5. The lower RSS range in the
phase 2 study possibly reflects the fact that most (96%) subjects had
previously received conventional therapy for a mean of almost 7 years
and thus were likely to have partially responded to treatment.
Moreover, while the radiographic XLH features may not be as pro-
nounced as those of nutritional rickets, the disease's impact is fre-
quently greater because of the chronicity and lifelong effects leading to
debilitating musculoskeletal impairments. Despite the lower range of
RSS values in XLH, the RSS remained sensitive to changes in the se-
verity of radiographic abnormalities following burosumab treatment.

A previous study that assessed radiographic changes with clinical
outcomes in XLH also noted incomplete healing of rickets with con-
ventional treatment, which was more pronounced with initiation of
treatment after the age of 1year [21]. In that study, a 6-point radio-
graphic severity assessment was used. Radiographs improved but re-
sidual skeletal changes were evident with conventional treatment.
Advantages of the RSS over the previous scoring method include its
validation in multiple etiologies of rickets and the correlation with
functional and biochemical measures of severity.

Our subgroup analyses showed that subjects who had a baseline RSS
=1.5 had severely compromised bone health, with higher levels of ALP,
and greater impairments in clinical outcomes, compared with subjects
who had a baseline RSS < 1.5. These results are consistent with expert
reviews that rickets in children with XLH is associated with severe long-
term developmental abnormalities including stunted growth and ske-
letal deformities, particularly in the lower extremities, that often re-
quire surgical correction to improve or maintain mobility [19,26]. The
relationship between RSS and growth is expected given the impact of
deficient mineralization of cartilage and osteoid and delayed en-
dochondral ossification on the growth plate, and are consistent with a
previous study showing that the degree of severity of rickets is nega-
tively correlated with height [21]. The RSS was also sensitive to
changes in disease activity following burosumab treatment as seen by
its concordance with the RGI-C and reductions in serum ALP levels.

At the lower end of the scale (e.g., a patient with an RSS of 0.5), the
RSS scoring method may not have adequate sensitivity to detect
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possible small changes in patients with XLH due to the 0.5-point in-
crements in the RSS scoring method. The RSS does not assess gradations
or size of lucency, but only if the lucency is complete, partial, or absent.
Therefore, the utility of the RSS is greater when a higher dynamic range
of values are present in subjects with rickets, and greater improvements
in RSS were observed in subjects with greater disease severity at
baseline. However, even with the lower range of RSS values seen in
patients with XLH, compared with those with nutritional rickets or
hypophosphatasia, the RSS proved to be useful for assessing radio-
graphic rickets severity.

Despite the smaller RSS range observed in XLH, inter- and intra-
rater reliability was similar to those reported for nutritional rickets [5].
In the original evaluation of RSS in nutritional rickets, inter-rater cor-
relation was 0.84 or greater and intra-rater correlation was 0.89 or
greater for each observer. A study in India using the RSS in 178 children
with nutritional rickets found that the initial RSS was linearly related
with time to radiographic resolution (adjusted R? = 0.90) [12]. In 98
children with nutritional rickets in Egypt and Turkey, RSS was sig-
nificantly related with serum phosphorus (r = —0.30), bone alkaline
phosphatase (r = 0.31), and C-terminal telopeptide of type I collagen
(CTX; r = 0.22) [10]. Validation of the RSS in different forms of rickets
and the high inter- and intra-rater reliability support the validity and
utility of this assessment in clinical research. The RSS allows readers to
be blinded to timing of each radiograph, thereby reducing potential
bias. Finally, the greater statistical power of a scaled ordinal variable is
important for assessing treatment effects in clinical trials of rare dis-
eases like XLH where the sample size is small.

The RSS is limited by a lack of comparison with previous radio-
graphs, which may prevent detecting small changes; however, even
assessments performed at isolated time points remain useful. The RGI-C
can be utilized as a complementary method to the RSS to assess change
in a side-by-side comparison of radiographs. Variable thickness of lu-
cency and the proportion of growth plate involvement are given the
same score with the RSS, and the software used in this study did not
allow for < 0.5 increments in the RSS. The RSS does not evaluate the
degree of leg deformity, which may also have an impact on function.

5. Conclusions

We demonstrated that higher RSS is associated with greater bio-
chemical, clinical, and functional impairments in children with XLH.
We further show the reliability of the RSS to assess rickets severity in
XLH and radiographic changes following treatment.
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