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 Purpose: To examine radiographic fi ndings in children with vitamin D 
defi ciency in comparison with biochemical marker levels 
and prevalence of fractures.

 Materials and 
Methods: 

The parents or guardians of all participants provided writ-
ten informed consent at the time of enrollment. The insti-
tutional review board approved the protocol, and HIPAA 
guidelines were followed. From a prospective sample of 
children seen for routine clinical care, 40 children with vi-
tamin D defi ciency (25-hydroxyvitamin D [25-OHD] level, 
 � 20 ng/mL) were identifi ed, and high-detail computed 
radiographs of the wrists and knees were obtained. The 
children ranged in age from 8 to 24 months. Radiographs 
were scored by three readers with use   of the 10-point 
Thacher score for rachitic changes and a fi ve-point scale 
for demineralization. Serum calcium, phosphorus, alka-
line phosphatase, and parathyroid hormone levels were 
determined. Fracture history was obtained for 35 of the 
40 patients (88%).

 Results: All readers identifi ed rachitic changes at both readings in 
two patients (5%) and demineralization in two patients 
(5%). Interrater agreement was 65% for rachitic changes 
( k  = 0.33) and 70% for demineralization ( k  = 0.37). When 
the majority of the raters determined that rachitic changes 
were absent at both readings, alkaline phosphatase levels 
were lower than those with other assessments (median, 
267 vs 515 U/L [4.4589 vs 8.6005  m kat/L  ];  P  = .01). When 
most raters determined that demineralization was present 
at both readings, serum 25-OHD levels were lower than 
those at other assessments (median, 9.0 vs 17.5 ng/mL 
[22.464 vs 43.68 nmol/L];  P  = .02  ). No fractures were 
reported or identifi ed radiographically.

 Conclusion: In infants and toddlers with vitamin D defi ciency, rachitic 
changes and defi nite demineralization are uncommon and 
fracture risk is low.

 q  RSNA, 2011
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and children with multiple fractures sus-
pected of being caused by abuse. In a 
commentary, Keller and Barnes ( 23   ) 
asserted that confusion in the diagno-
sis of rickets versus the diagnosis of 
abuse constitutes a national and inter-
national epidemic; however, that article 
has come under considerable criticism 
( 16,24–28 ). 

 In 2008, Gordon et al ( 10 ) reported 
vitamin D defi ciency in 44 (12.1%) of 
365 healthy infants and toddlers and 
detailed the clinical and laboratory fi nd-
ings. We hypothesized that radiograph-
ically evident rickets and demineraliza-
tion would correlate with biochemical 
abnormalities but that fracture risk 
would be low. The purpose of the cur-
rent study was to examine radiographic 
fi ndings in children with vitamin D de-
fi ciency in comparison with biochem-
ical marker levels and prevalence of 
fractures. 

 Materials and Methods   

 Patients 
 Patients were identifi ed from a parent 
study evaluating the prevalence of vita-
min D defi ciency ( 10 ). The parent study 

junctions, knees, and wrists) ( 14 ). With 
increased osteoclastic activity, the min-
eralization of bones is reduced; this is 
characterized by thinning of the cortical 
bone, coarse trabeculation, and diffuse 
radiolucency. The decrease in collagen 
mineralization at the zone of provisional 
calcifi cation results in widening of the 
physis. The metaphysis has a widened, 
irregular, frayed appearance and may 
develop a cupped contour ( 15 ). Delayed 
growth, fractures, and bowing of the 
bones can occur ( 14,16 ). 

 The clinical presentation and bio-
chemical changes owing to vitamin D 
defi ciency vary according to patient age 
and the severity and chronicity of the 
defi ciency. Infants younger than 6 months 
can present with hypocalcemic seizures, 
whereas older infants and toddlers more 
typically present with clinically and ra-
diologically evident rachitic changes ac-
companied by elevations of PTH and al-
kaline phosphatase levels ( 17–19 ). The 
rachitic changes seen at radiography 
are proportional to the severity of the 
defi ciency, and progressive biochemical 
changes are related to an altered cal-
cium and phosphorus product ( 20 ). 

 The clinical signifi cance of low 25-
OHD levels in young children is unclear 
( 21,22 ). There are limited data defi n-
ing the 25-OHD concentration at which 
demineralization and rickets are evi-
dent radiographically. The relationship 
between the radiographic appearance 
of rickets and biochemical markers of 
bone metabolism (eg, PTH and alkaline 
phosphatase levels) in young children is 
also not well understood. In addition, 
there are no data regarding a child’s 
fracture risk in the case of mild vitamin 
D defi ciency versus that in fl orid clini-
cal and radiographically evident rickets. 
These questions have become especially 
important in the examination of infants 

             During the past decade, there has 
been a resurgence of vitamin D 
defi ciency worldwide ( 1–4 ). In 

the United States, the prevalence of 
vitamin D defi ciency in children (25-
hydroxyvitamin D [25-OHD] level  � 20 
ng/mL  ) is estimated to be 16% ( 5 ). In-
vestigators in studies of healthy infants 
( . 6 months) and toddlers reported a 
prevalence ranging from 1.7% ( 6 ) to 
12%–22% ( 7–10 ). In older infants and 
toddlers, the primary causes of vitamin 
D defi ciency are nutritional defi ciency 
and lack of sun exposure. Risk factors 
for vitamin D defi ciency in infants and 
toddlers are breast-feeding without sup-
plementation; drinking juice rather than 
milk; decreased intake of fortifi ed foods; 
dark skin pigmentation; and little sun 
exposure because of geography, climate, 
or sunscreen use ( 10,11 ). 

 Severe vitamin D defi ciency leads to 
a cascade of biochemical changes that 
alter bone metabolism and eventually 
can result in demineralization, rickets, 
and fractures ( 11 ). A low vitamin D 
level results in decreased intestinal ab-
sorption of calcium, which in turn 
causes increased levels of parathyroid 
hormone (PTH). PTH increases renal 
calcium resorption and phosphorus 
excretion, increases the production of 
endogenous vitamin D in the liver, and 
releases calcium from bone by means 
of increased osteoclastic activity. The 
result is an altered phosphorus-calcium 
product and decreased mineralization 
of collagen, with the development of os-
teomalacia or rickets in the immature 
skeleton ( 12,13 ). 

 The early radiographic changes of 
rickets are most evident in the physes 
of rapidly growing bones (eg, costochondral 

 Implication for Patient Care 

 In the setting of low vitamin D  n

and normal alkaline phosphatase 
levels, radiographic rachitic 
changes are unlikely; therefore, 
evaluation with radiography may 
not be indicated, avoiding unnec-
essary radiation exposure. 

 Advance in Knowledge 

 In otherwise healthy infants and  n

toddlers with vitamin D defi -
ciency, rachitic changes are un-
common and generally mild, defi -
nite demineralization is infrequent, 
considerable inter- and intraob-
server variability occurs for both 
radiographic rachitic changes and 
demineralization, and fracture 
risk is low. 
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 Fracture Risk Questionnaire 
 A fracture questionnaire was adminis-
tered only in the patients with vitamin 
D defi ciency in whom radiographs were 
obtained  . A follow-up interview was 
conducted by phone 2–3 years after 
the initial clinical encounter. The ques-
tionnaire included a history of fractures 
before and after study entry. If the pa-
tient had sustained a fracture, there 
were further questions about the child’s 
age at occurrence, the bone involved, 
and the treatment. Responses were ob-
tained from families of 35 of the 40 pa-
tients (88  %). 

 Statistical Analysis 
 The radiographic fi ndings were sum-
marized separately for rachitic changes 
and demineralization. Rachitic changes 
were considered to be present if the 
reader assigned a Thacher score of more 
than 0 at both readings, absent if the 
score was 0 at both readings, and un-
certain for all other scores. Demineraliza-
tion was assessed similarly and was con-
sidered present with a demineralization 
score of more than 0 (questionable, mild, 
moderate, or severe) at both readings, 
absent with a score of 0 (normal) at 
both readings, and uncertain with other 
scores. We also examined a more strin-
gent alternative, with demineralization 
considered to be present with a score of 
more than 1 (mild, moderate, or severe) 
at both readings, absent with a score 
of 1 or less (normal or questionable) at 
both readings, and uncertain with other 
scores. 

 For patient-based analysis  , we com-
bined the three readers’ ratings and 
scored the condition as follows: present 
by unanimous decision; present by two-
thirds majority; absent by unanimous 
decision; absent by two-thirds majority; 
or all other cases. For comparison of 
25-OHD levels and other serum chem-
istry results, we simplifi ed this scheme 
by combining the unanimous rating with 
the corresponding two-thirds majority 
rating. 

 We used the multicategory, mul-
tirater  k  coeffi cient to measure inter-
rater agreement ( 32 ). To quantify the 
relative variability of the Thacher and 

were 5.4%–7% for PTH, 8.6%–10% 
for 25-OHD, 0.7%–1.6% for alkaline 
phosphatase  , and 1.5%–2.2% for the 
cations. 

 Radiographic Evaluation 
 Bilateral wrist and knee computed ra-
diographs were obtained in the 40 pa-
tients. Using the routine departmental 
protocol for the assessment of metabolic 
bone disease, we acquired images with 
50- m m resolution by using a dual side–
read computed radiographic pediat-
ric (0–3 years) hand-processing menu 
(Fuji Photo Film, Tokyo, Japan). The 
images were viewed in a darkened room 
by using a picture archiving and com-
munication system (Synapse; Fujifi lm, 
Stamford, Conn  ) and a single high-
resolution (2560  3  2048) calibrated 
monitor (Dome C5i; Planar Systems, 
Waltham, Mass  ). Images were viewed 
with standard window level settings, 
and radiologists were allowed to adjust 
window and/or level and magnify the 
images. 

 Three Certifi cate of Added Qualifi -
cation–certifi ed pediatric radiologists 
(J.M.P.R., P.K.K., and S.A.C., with 7, 
33, and 16 years of experience, respec-
tively) examined images from each case 
at two separate sessions in a blinded 
fashion. A different random reading 
order for each reader and each session 
was prescribed by the study statisti-
cian (H.A.F.)  . Image identifi cation data 
were deleted from the view before rater 
review. 

 The radiographs were evaluated for 
the presence of rachitic changes and 
demineralization. The radiologists doc-
umented the severity of rickets on bilat-
eral wrist and knee radiographs by using 
an established 10-point scoring system 
( 31 ), with the radius, ulna, femur, and 
tibia scored independently. The Thacher 
score progresses in half-point incre-
ments from 0 (normal) to 10 (severe). 
A score of more than 0 was considered 
abnormal. 

 Demineralization was assessed in 
each case by using a fi ve-point Likert 
scale, with 0 being normal; 1, ques-
tionable; 2, mild; 3, moderate; and 4, 
severe. A score of more than 0 was con-
sidered abnormal. 

included 380 primary care patients 
(age range, 8–24 months; 192 girls 
with a mean age of 11.4 months  6  3.5 
[standard deviation]; 188 boys with a 
mean age of 12 months  6  3.8) who 
were seen for routine well-child phys-
ical examinations between 2005 and 
2007 ( 10 ). Vitamin D defi ciency was 
defi ned as a serum 25-OHD level of 
20 ng/mL or less ( 1,29,30 ). Children 
were excluded if they had a chronic 
disease or if they had received oral glu-
cocorticoids, anticonvulsants, or other 
medications known to affect vitamin D 
metabolism 3 months before enroll-
ment. Patients who were not being 
seen for a well-child check and those 
who did not have blood drawn that 
day were also excluded from partic-
ipation. Within this group, routine 
blood biochemical markers were tested 
in 365 patients. Forty-four patients had 
vitamin D defi ciency, and 40 of those 
44 patients (91%; age range, 8–24   
months; 22 girls with a mean age of 
11.8 months  6  4.2; 18   boys with a 
mean age of 12.1 years  6  4.3) returned 
for bilateral wrist and knee computed 
radiography. Written informed consent 
was obtained from the parents or 
guardians. The Committee on Clini-
cal Investigation (institutional review 
board) of Children’s Hospital Boston 
approved the study, and Health Insur-
ance Portability and Accountability Act 
guidelines were followed. 

 Laboratory Studies 
 Vitamin D level was measured at the 
time of a routine blood draw (ie, screen-
ing lead level and complete blood cell 
count). Serum 25-OHD levels were mea-
sured at ARUP Laboratories (Salt Lake 
City, Utah) by using chemiluminescence 
assay (Liaison; DiaSorin, Stillwater, 
Minn). Serum calcium, phosphorus, 
magnesium, and alkaline phosphatase 
levels were measured by using end-point 
assay with a multichannel analyzer   
(Cobas C501; Roche Diagnostics, India-
napolis, Ind). Intact PTH was measured 
at Nichols Institute Diagnostics   (San 
Clemente, Calif) with use of a two-
site chemiluminescence immunoassay. 
Samples were analyzed in multiple as-
says. Interassay coeffi cients of variation 
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the other. The interobserver agreement 
for demineralization with the low thresh-
old was 25%, with a  k  coeffi cient of 
0.25 (95% confi dence interval: 0.13, 
0.38); this is conventionally termed mild 
chance-corrected agreement. When ques-
tionable cases were considered nega-
tive and the stricter threshold was used, 
the agreement increased to 70%, with 
a  k  coeffi cient of 0.37 (95% confi dence 
interval: 0.22, 0.51) ( Table 1 ). Less than 
half the variance of the demineralization 
score (44%) was attributable to true var-
iance among patients, and 55% of vari-
ance arose from within-rater variabil-
ity between measurements. Differences 
among readers accounted for only 2% 
of variance in demineralization scores 
( Table 2 ). 

 With a lower threshold, rater agree-
ment on demineralization was asso-
ciated with lower 25-OHD levels (me-
dian, 7.0 ng/mL [17.472 nmol/L];  P  = 
.001), elevated PTH levels (median, 52 
pg/mL [5.4756 ng/L];  P  = .03), and low 
phosphorus levels (median, 5.1 mg/dL 
[1.6473 mmol/L];  P  = .02) ( Table 3 ). 
With a higher threshold, the number 
of patients in the demineralization cate-
gory was small, only two patients;   how-
ever, demineralization was associated 

 The biochemical marker most strongly 
related to the presence or absence of 
rachitic changes was alkaline phospha-
tase. In the two cases in which the 
readers agreed that rachitic changes 
were present, the alkaline phosphatase 
level was elevated (median, 495 U/L 
[8.3  m kat/L]) in comparison with the 
normal level when the majority agreed 
that rachitic changes were absent (me-
dian, 267 U/L [4.5  m kat/L]) ( P  = .01). A 
similar pattern for PTH, with a median 
level of 177 versus 34 pg/mL (18.6381 
vs 3.5802 ng/L) in cases of agreement 
on the presence or absence of rachitic 
changes, respectively, was not statisti-
cally signifi cant ( Table 3  ). 

 Demineralization was analyzed with 
two thresholds. When questionable de-
mineralization ratings were considered 
positive, all readers agreed in both read-
ings that demineralization was present 
in fi ve of the 40 patients (12%) and ab-
sent in fi ve (12%). When the threshold 
was stricter and the questionable cate-
gory was considered negative, all readers 
agreed that demineralization was pre-
sent in only two cases (5%) and absent 
in 26 (65%) ( Table 1 ). In the two positive 
cases, demineralization was classifi ed 
as moderate in one patient and mild in 

demineralization scores among readers 
and within readers (measurement error) 
in comparison with variability among 
patients (true variation), we used the 
minimum variance quadratic unbiased 
estimation, or MIVQUE0  , technique ( 33 ) 
to estimate the intraclass correlation 
coeffi cient for each measure as well as 
the standard deviation and percentage 
of total variance for the two components 
of measurement error. 

 We compared serum levels across the 
three categories by using the Kruskal-
Wallis procedure to allow for skewed 
distribution ( 26 ). The prevalence of frac-
ture history was calculated as a per-
centage with the exact 95% confi dence 
interval. 

 In statistical testing,  P   ,  .05 was 
considered indicative of a signifi cant 
difference. Software (SAS, version 9.2; 
SAS Institute, Cary, NC) was used for 
all computations. 

 Results 

 All readers agreed at both readings that 
rachitic changes were absent in 24 of 
the 40 patients (60%) and present in 
two (5%) ( Table 1  ). In only one of the 
latter two patients did the Thacher 
score reach 7, with loss of the zone of 
provisional calcifi cation seen on the ra-
diographs ( Figure  ). In both cases, the 
demineralization score at every reading 
was 1 (mild) or 2 (questionable). Addi-
tional observations of rachitic changes 
were seen in 21 readings in 14 patients 
(35%), with all but one reading having a 
Thacher score of less than 3. No meta-
physeal fragmentation or fractures were 
identifi ed. Interobserver agreement for 
rachitic changes was 65%. The  k  co-
effi cient was 0.33 (95% confi dence 
interval: 0.19, 0.47), which is conven-
tionally termed a mild degree of chance-
corrected agreement ( Table 1 ). Variance 
of the Thacher score was largely attrib-
utable to true variation among patients, 
with intraclass correlation accounting 
for 70% of variance ( Table 2  ). Measure-
ment error (within-reader variation for a 
given image) accounted for most of the 
remainder (28%), whereas interrater 
variance was small (2%) ( Table 2 ). 

 Table 1 

 Agreement among Three Raters on the Presence of Rachitic Changes and 
Demineralization 

Parameter
Rachitic Changes 
(Thacher Score  . 0)

Demineralization * 

Lower Threshold Higher Threshold 

All assessments  †  
 Present, unanimous agreement 2 (5) 5 (12) 2 (5)
 Present, majority agreement 0 (0) 1 (2) 0 (0)
 Absent, unanimous agreement 24 (60) 5 (12) 26 (65)
 Absent, majority agreement 10 (25) 13 (32) 10 (25)
 All other cases 4 (10) 16 (40) 2 (5)
Unanimous agreement 26 (65) 10 (25) 28 (70)
 k  Value  ‡  0.33 (0.19, 0.47) 0.25 (0.13, 0.38) 0.37 (0.22, 0.51)

Note.—Data are from a set of images in 40 patients   presented in random order on two separate occasions. Except where 
indicated, data are numbers of patients, with percentages in parentheses.

* With the lower threshold, questionable, mild, moderate, and severe ratings were considered positive. With the higher threshold, 
only mild, moderate, and severe ratings were considered positive.

 †  A fi nding was considered present if a reader observed the condition at both readings of a given patient’s image and absent if 
a reader did not observe the condition at either reading.

 ‡  Data are chance-corrected coeffi cients of agreement, with 95% confi dence intervals in parentheses. A value of 1 indicates 
perfect agreement, and 0 indicates no more than chance agreement.
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fracture before or after treatment for 
vitamin D defi ciency (fracture preva-
lence estimated as 0%  ; 95% confi dence 
interval: 0%, 10%). 

 Discussion 

 The prevalence of vitamin D defi ciency 
in the parent study was 12  % ( 10 ). In 
these children, rachitic changes were 
rare and, when present, fi ndings were 
subtle, as refl ected by low Thacher 
scores. In our study, patients with ra-
chitic changes had partial lucency of the 
zone of provisional calcifi cation, with or 
without loss of the smooth metaphy-
seal margin  . There were no cases ex-
hibiting complete lucency of the zone 
of provisional calcifi cation, fraying, or 
widening of the physis. Investigators in 
two studies—one in Seattle and one in 
Louisiana—examined hand and knee 
radiographs in predominantly breast-
fed infants and children; none of these 
subjects received vitamin D supple-
mentation. In the Seattle study ( 6 ), 
which included 246 children aged 6–15 
months, rachitic changes were seen in 
only four children. In three children, 
these changes were limited to loss of the 
zone of provisional calcifi cation, with or 
without metaphyseal cupping and fray-
ing; only one patient had “frank rachitic 
changes” ( 6 ). In the Louisiana study ( 34 ), 
none of the infants (age, 0–6 month) 
with low vitamin D levels had rachitic 
changes visible on hand radiographs. 
Results from these studies suggest that 
although biochemical changes consis-
tent with vitamin D defi ciency are com-
mon in the general population, radio-
graphic fi ndings are rare and subtle. 

 Vitamin D defi ciency can affect bone 
turnover, resulting in demineralization 
and the observation of osteopenia (os-
teomalacia) radiographically. In our 
study, there was wide variability in the 
assessment of demineralization within 
and among readers. Although demin-
eralization was seen frequently when 
equivocal cases were viewed as positive, 
there was only one case that was rated 
as moderate. In that case, all readers 
agreed that demineralization was pre-
sent. The patient had severe vitamin D 

 A fracture questionnaire was com-
pleted for 35 of the 40 patients (88%). 
None of these children had a history of 

with lower 25-OHD levels (median, 
9.0 ng/mL [22.464 nmol/L];  P  = .02) 
( Table 3 ). 

  

  
   Anteroposterior computed radiographs of the knee in the two patients with rachitic changes seen by all readers. 
 A , Image of right knee in a 10-month-old child shows partial lucency of the zone of provisional calcifi cation 
(arrow). The metaphyseal margin in the medial distal femoral metaphysis is intact. The average Thacher score 
was 1.6 (range, 0.5–2.0), there was mild demineralization, and the 25-OHD level was 11 ng/mL (27.456 nmol/L). 
 B , Image of left knee in an 11-month-old child shows partial lucency of the zone of provisional calcifi cation 
(arrows) and loss of the metaphyseal margin in the medial and lateral distal femoral metaphysis and the lateral 
proximal tibia metaphysis. No metaphyseal fragmentation is evident. The average Thacher score was 5.1 
(range, 2–7), there was questionable demineralization, and the 25-OHD level was 7 ng/mL (17.472 nmol/L).   

 Table 2 

 Components of Variance for Thacher and Demineralization Scores 

Source of Variance

Thacher Score * Demineralization Score  †  

Variance SD Variance SD

Among subjects  ‡  0.68 (70) 0.82 0.24 (44) 0.49
Among readers 0.02 (2) 0.14 0.01 (2) 0.09
Measurement error (residual) 0.27 (28) 0.52 0.30 (55) 0.54
All 0.97 (100) 0.98  0.54   (100) 0.74

Note.—SD = standard deviation (square root of variance). Numbers in parentheses are percentages.

* Scale ranged from 0 to 10; mean score was 0.27 (range, 0–7).

 †  Scale ranged from 0 to 5; mean score was 0.54 (range, 0–3).

 ‡  Among-subject percentage of variance is also known as intraclass correlation.
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fractures in two children (8%), each of 
whom had fl orid rachitic changes. In-
vestigators in other studies reported 
fractures in young children with vitamin 
D defi ciency but with no detailed descrip-
tion of the fractures or underlying ap-
pearance of the skeleton ( 19,46,47 ). 

 Our study has implications for the 
examination of infants and toddlers with 
multiple fractures. Fractures in this age 
group are rare. The yearly incidence of 
fractures ranges from 0.14% to 1% from 
birth to 11 months and from 0.06% to 
3% from 1 to 2 years ( 48–50 ). In the 
study by Leventhal et al ( 49 ), fractures 
in children younger than 36 months 
were attributed to abuse in 12% and to 
metabolic abnormalities such as rickets 
in 0.12%—a 100-fold difference. In ad-
dition, results from that study showed 
that the likelihood of abuse as the cause 
of fractures in infants increased from 
18.5% for single fractures to 85.4% for 
multiple fractures ( 49 ). Conversely, in-
vestigators in a study of infants and chil-
dren with radiographic evidence of rick-
ets found that 5% had single fractures 
and 13% had two to four fractures ( 16 ). 

including dual-energy x-ray absorpti-
ometry ( 38–42 ). The variability in our 
study points to the diffi culty in assessing 
demineralization with digital radiogra-
phy in the clinical setting. Future studies 
are needed in which demineralization 
and bone architecture are assessed opti-
mally with quantitative techniques such 
as computed tomographic densitometry 
and thin-section magnetic resonance 
imaging ( 43,44 ). 

 The fracture prevalence in our sam-
ple was 0. Few study investigators have 
documented fractures in the setting of 
vitamin D defi ciency or rickets in the 
infant and toddler population. Chapman 
et al ( 16 ) reviewed radiographs obtained 
in 40 children aged 2–24 months with 
nutritional, congenital, or secondary rick-
ets and found fractures in seven patients 
(17.5%  ). The fractures were seen in mo-
bile infants and in the setting of obvious 
rachitic changes, including metaphyseal 
fraying and cupping. Agarwal et al ( 45 ) 
reviewed wrist, knee, and pelvis radio-
graphs in 25 toddlers (age range, 1–2.9 
years) with nutritional rickets who pre-
sented with delayed walking and found 

defi ciency, including an undetectable 
25-OHD level and no rachitic changes. 
In all other cases in which demineraliza-
tion was observed, it was questionable 
or mild. When a more stringent crite-
rion for demineralization was used, in 
which equivocal cases were considered 
negative, there were only two cases in 
which the readers agreed that demin-
eralization was defi nitely present. The 
small number of cases with defi nite 
demineralization limits the correlation 
with biochemical markers, although our 
data suggest an association between 
demineralization and elevated PTH and 
low phosphorus levels. 

 Signifi cant bone loss, as much as 
30%–50%, is required before demin-
eralization is apparent radiographically 
( 35–37 ). The wide variability in the as-
sessment of demineralization in our study 
is in agreement with that in the evalu-
ation of osteoporosis on radiographs of 
adults. In adults, despite reader variabil-
ity, the detection of osteopenia on con-
ventional radiographs increases when 
there is signifi cant demineralization mea-
sured by means of bone density studies, 

 Table 3 

 Correlation of Serum Chemistry Findings with Rater Agreement on the Presence of Rachitic Changes and Demineralization 

Parameter * 
No. of 
Patients

Median Serum Level

25-OHD (ng/mL) PTH (pg/mL)
Alkaline 
Phosphatase (U/L) Calcium (mg/dL) Phosphorus (mg/dL) Magnesium (mEq/L)

All assessments 40 17.0 34 283 10.4 5.8 2.4
Rachitic changes
 Present, unanimous or majority agreement 2 9.0 177 495 10.3 3.9 2.3
 Absent, unanimous or majority agreement 34 17.0 34 267 10.4 5.8 2.4
 All other cases 4 16.5 54 515 10.4 5.4 2.3
  P  value  †  .21 .43 .01 .90 .16 .40
Demineralization (with low threshold)
 Present, unanimous or majority agreement 6 7.0 52 431 10.0 5.1 2.4
 Absent, unanimous or majority agreement 18 18.0 35 265 10.4 5.5 2.3
 All other cases 16 17.0 20 284 10.4 6.0 2.4
  P  value  †  .001 .03 .17 .10 .02 .64
Demineralization (with high threshold)
 Present, unanimous or majority agreement 2 9.0 28 304 10.4 5.5 2.3
 Absent, unanimous or majority agreement 36 17.5 34 267 10.4 5.8 2.4
 All other cases 2 7.0 421 687 8.4 3.4 2.3
  P  value  †  .02 .06 .06 .07 .07 .64

Note.—To convert 25-OHD to SI units (nmol/L), multiply by 2.496. To convert PTH to SI units (ng/L), multiply by 0.1053. To convert alkaline phosphatase to SI units ( m kat/L), multiply by 0.0167. To 
convert calcium to SI units (mmol/L), multiply by 0.25. To convert phosphorus to SI units (mmol/L), multiply by 0.323. To convert magnesium to SI units (mmol/L), multiply by 0.50.

* A fi nding was considered present if a reader observed the condition at both readings of a given subject’s image and absent if a reader did not observe the condition at either reading.

 †  Test for equal distribution of serum level in the three agreement categories by using the Kruskal-Wallis procedure.



240 radiology.rsna.org n Radiology: Volume 262: Number 1—January 2012

 PEDIATRIC IMAGING:  Rachitic Changes, Demineralization, and Fracture Risk with Vitamin D Defi ciency Perez-Rossello et al

    2 .  Calvo   MS ,  Whiting   SJ ,  Barton   CN .  Vitamin 
D intake: a global perspective of current 
status .  J Nutr   2005 ; 135 ( 2 ): 310 – 316 .  

    3 .  Bowden   SA ,  Robinson   RF ,  Carr   R ,  Mahan   JD . 
 Prevalence of vitamin D defi ciency and in-
suffi ciency in children with osteopenia or 
osteoporosis referred to a pediatric meta-
bolic bone clinic .  Pediatrics   2008 ; 121 ( 6 ):
 e1585 – e1590 .  

    4 .  Zadshir   A ,  Tareen   N ,  Pan   D ,  Norris   K , 
 Martins   D .  The prevalence of hypovita-
minosis D among US adults: data from the 
NHANES III .  Ethn Dis   2005 ; 15 ( 4 Suppl 5 ):
 S5-97 – S5-101 .  

    5 .  Mansbach   JM ,  Ginde   AA ,  Camargo   CA   
Jr .  Serum 25-hydroxyvitamin D levels among 
US children aged 1 to 11 years: do children 
need more vitamin D?   Pediatrics   2009 ;
 124 ( 5 ): 1404 – 1410 .  

    6 .  Taylor   JA ,  Richter   M ,  Done   S ,  Feldman   KW . 
 The utility of alkaline phosphatase measure-
ment as a screening test for rickets in breast-
fed infants and toddlers: a study from the 
Puget Sound pediatric research network . 
 Clin Pediatr (Phila)   2010 ; 49 ( 12 ): 1103 – 1110 .  

    7 .  Cole   CR ,  Grant   FK ,  Tangpricha   V ,  et al . 
 25-hydroxyvitamin D status of healthy, low-
income, minority children in Atlanta, Georgia . 
 Pediatrics   2010 ; 125 ( 4 ): 633 – 639 .  

    8 .  Ziegler   EE ,  Hollis   BW ,  Nelson   SE ,  Jeter   JM . 
 Vitamin D defi ciency in breastfed infants in 
Iowa .  Pediatrics   2006 ; 118 ( 2 ): 603 – 610 .  

    9 .  Rovner   AJ ,  O’Brien   KO .  Hypovitaminosis D 
among healthy children in the United States: 
a review of the current evidence .  Arch Pe-
diatr Adolesc Med   2008 ; 162 ( 6 ): 513 – 519 .  

    10 .  Gordon   CM ,  Feldman   HA ,  Sinclair   L ,  et al . 
 Prevalence of vitamin D defi ciency among 
healthy infants and toddlers .  Arch Pediatr 
Adolesc Med   2008 ; 162 ( 6 ): 505 – 512 .  

    11 .  Misra   M ,  Pacaud   D ,  Petryk   A ,  Collett-
Solberg   PF ,  Kappy   M ;  Drug and Therapeu-
tics Committee of the Lawson Wilkins Pedi-
atric Endocrine Society .  Vitamin D defi ciency 
in children and its management: review of 
current knowledge and recommendations . 
 Pediatrics   2008 ; 122 ( 2 ): 398 – 417 .  

    12 .  Holick   MF .  Vitamin D defi ciency .  N Engl J 
Med   2007 ; 357 ( 3 ): 266 – 281 .  

    13 .  Griscom   NT ,  Jaramillo   D .  “Osteoporosis,” 
“osteomalacia,” and “osteopenia:” proper 
terminology in childhood .  AJR Am J Roent-
genol   2000 ; 175 ( 1 ): 268 – 269 .  

    14 .  Daldrup-Link   E .  Essentials of pediatric 
radiology: a multimodality approach .  San 
Francisco, Calif :  Cambridge University Press ,
  2010 ;  252 – 258 .  

D defi ciency identifi ed during screening 
in a well-child clinic population  . However, 
our results showed the rarity of rachitic 
changes, demineralization, and fracture 
risk in this cohort. Because this was a 
cross-sectional sample, causality can-
not be established. Another limitation 
is the subjective nature of scoring sys-
tems, which is refl ected by the consider-
able inter- and intraobserver variability 
among observations of both rachitic 
changes and demineralization. We chose 
to consider any Thacher score greater 
than 0 as abnormal, so the prevalence of 
rachitic changes as judged by the readers 
likely was overestimated. The method-
ology of our study also did not ensure 
independence between the readings of 
rickets and demineralization. For ex-
ample, a reader encountering rachitic 
changes could have been biased to rate 
the bones as demineralized as well. 

 In otherwise healthy infants and 
toddlers with vitamin D defi ciency, ra-
chitic changes and defi nite demineraliza-
tion are uncommon and fracture risk is 
low. Infants and toddlers with vitamin D 
defi ciency and normal alkaline phos-
phatase levels likely will have normal 
radiographs, a factor that should guide 
radiographic screening. When an other-
wise healthy infant or toddler presents 
with unexplained fractures and vitamin 
D defi ciency and radiographic and bio-
chemical markers are absent, rickets is 
an unlikely explanation for the osseous 
injuries and a systematic evaluation 
by a multidisciplinary team should be 
considered. 
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