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Computer assisted analysis of hand radiographs in infantile
hypophosphatasia carriers
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riers based on

relatives) were studied [2, 3]. All obligate carriers and first degree
relatives and most (32/36) controls were of Mennonite descent. All | Results
were over 18 years of age. We were able to assign carrier status in 140
of these 160 individuals using logistic regression analysis based on
serum alkaline phosphatase activity (ALP), serum phosphate level Table 1 sho
(Pi) and if necessary urinary phosphoethanolamine excretion 0z, MEan Z
(PEA). These methods of carrier assignment are felttobe extremely | riers and

Abstract. Hand radiographs of 49 carriers of infantile hy-
pophosphatasia and 67 non-carriers were evaluated using
two Apple Ile Computer Programs and an Apple
Graphics Tablet. CAMPS (1) was used to determine the
bone lengths and calculate the metacarpophalangeal
profiles. A newly developed program (ADAM) was used

to determine bone density based on percent cortical area  accurate in this population [2). . | differences
of the second metacarpal. Carriers of infantile hypophos- We obtained informed consent to take hand radiographs of 116
. L of these individuals. The radiographs were taken under routine con- |
phatasia had significantly less dense bones. ditions (i.e. focal-film distance = 40 inches). All were postero-antt-
rior views of the right hand. i | Table 1. -Chai
The radiographs were analyzed by one observer (BNC) withoit Tst
Infantile hypophosphatasia (HOPS)isasevere autosomal prior knowledge of the carrier status of the individual. Each radio-
recessive metabolic bone disorder. MacPherson et al. [1] graph was placed on a viewing box in a room without any other light } ———
source. The portion of the viewing box not directly under the radio- Age (years)

described the radiologic features of this and other forms of
hypophosphatasia and reported that there was an in-
creased incidence of hypophosphatasia in the Mennonite

graph was then covered. A sheet of white paper was then placed
over the radiograph. Under these conditions the details of the bopy
structures could be seen through the paper. The ends and outer

communities of Manitoba and Saskatchewan.
As part of a larger study on the genetics of hypophos-
phatasia, we have developed very accurate methods of

margins of the phalanges and metacarpals as well as the medulldy | Height (cm)
space of the second metacarpal were traced onto the paper wngta D5
sharp pencil. &

carrier assignment [2]. This allowed us to study a group of D3
assigned carriers and non-carriers and to test the hypo- D2
thesis that bones of carriers would differ from those of Metacarpophalangeal profile analysis D1
non-carriers in a manner that could be determined from m
a hand radiograph. We evaluated the hand radiographs Metacarpophalangeal (MCPs) profiles were determined fron V3
using two Apple Ile Computer Programs and an Apple tracings using the “CAMPS” computer program and an AR |y
Graphics Tablet. CAMPS [3] was used for determination graphlcs Tablet. The analysis was done according to the methogtg | ps
) . oupland et al. [3], except that the tracings from the radiogrdil® | p,
of the metacarpophalangeal profile (MCP) while bone were used instead of contact prints. The program calculated.ti | ps
density was analyzed using a newly developed compu- lengths of the 19 metacarpal and phalangeal bones and converied | 1)
ter program. The MCP, which is an objective method them to Z-scores based on published age and sex matched normgly | py
of describing a hand radiograph, has been shown to be 5]. The pattern variability index (o,) was calculated according t98 | Mg
a useful method in the study of various genetic method of Garn et al. [6]. | ME4
syndromes [4]. Yoo | ME3
y (41 7|
Determination of bone density 4 | ME1
' Mean Z

Methods o ) i
For determination of the bone density we developed an Appl-‘-’ffb“ﬁ o,

Basic program to run on an Apple Ile microcomputer with an APRP NS
Graphics Tablet. The program is called ADAM (Automated Lg¥ =Not st.

Collection of radiographs and preparation for analysis

sity Analysis-Machine). After calibration, the user is prompte! 10 \'ID = Bone «
As part of alarger study on the genetics of hypophosphatasia, 20 ob- place the graphics tablet pen at one end of the second metacarpé M=Middle
ligate carriers for infantile hypophosphatasia, 104 of their first de- The user is then prompted to place the pen at the opposite end.hé E = Metac:
gree relatives and 36 controls (unrelated spouses of the first degree program then instructs the userviaa series of directional arrows 0¥ Metacarpal

NOTICE: This Material
may be protected by cepyright
Jaw. (Title 17 U.S. Code)
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ste the midway point of the 2nd metacarpal. Once this is found
ris prompted to place the pen at the outer margins of the bone
point and then at the outer margins of the medullary cavity.
ocess is then repeated for other radiographs (tracings) to be
d at that session. Following this the program then calculates
cent cortical area according to the formula described by Poz-
i [4]. This is then compared to the means and standard devia-
(SD) for the appropriate sex and age group as given by Poznan-
¢ mean percent cortical area and its standard deviation (SD)
s between those supplied by Poznansi were calculated by in-
tion. The Z-score was calculated by ADAM as the percent
| area — mean/SD. The Z-score was then used to provide a
index of bone density.

stical analysis

4B ¢ 1-tests or chi-squared analysis was used to check for statisti-
jitferences where appropriate. Logistic regression analysis was
o develop the best model for separating catriers from non-car-
& based on the MCP [7]. .

ults

: ie 1 shows the-distribution of sex, age, MCP length,
&mean Z as well as height and bone density in 49 car-
and 67 non-carriers. There were no significant

erences in the age or sex distributions of the two

le 1. Characteristics of carriers and non-carriers (total)
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groups. Bone density (as reflected by the percent cortical
area Z-score) was significantly less in carriers than
in non-carriers. Seventeen of the 19 hand bones mea-
sured were on average longer in carriers than in controls.
For only six bones, however, were the differences statisti-
cally significant. There was no difference in the o, or
mean Z.

Tables 2 and 3 show the results obtained when the data
for female and males are analyzed separately. A signifi-
cant difference is seen in the age distribution for males
with carriers being younger than non-carriers. Male car-
riers still had significantly less dense bones than male non-
carriers. The mean bone density for female carriers was
also less than female non-carriers although the difference
was no longer significant. Similar trends were seen in the
MCP data.

Information regarding the heights of the study partici-
pants was available for 102 of the 116 individuals (57 non-
carriers, 45 carriers). No significant difference in the
heights was seen between the carriers and non-carriers.

Logistic regression analysis showed that amodel based
on three of the five proximal phalanges was the best for
predicting carrier status. The sensitivities and specificities
of a test based on either the bone density or the MCP were
determined (calculations not shown). Neither test had a
sensitivity of greater than 70% if the specificity was
greater than 70%.

Table 2. Characteristics of female carriers and non-carriers

BD = Bone density (Z score); D = Distal phalanx length (Z score);
M= Middle phalanx (Z score); P =Proximal phalanx (Z score);
ME = Metacarpal (Z score); Mean Z =Mean Z score for all 19
metacarpal phalangeal bones

4

Carrier mean Non-carrier mean P Test Carrier mean Non-carriermean P
(£SD) (£SD) (£SD) (+£SD)
(years) 36.2 (+£138) 3438 (+136) NS n 28 32
21 Male/28 Female 35 Male/32 Female NS Age 403 (£151) 363 (£123) NS
-038 (£1.0) 018 (£0.9) 0.002 BD -036 (£113) 0.0 (+£094) NS
ght (cm) 1673 (£94) 170.1 (+88) NS Height (cm)  160.7 (£52) 163.2 (£6.6) NS
) -006 (£1.00) -037 (+094) NS D5 021 (+091) -017 (*090) NS
D4 -0.16 (+133) -023 (+098) NS D4 006 (£1.02) 002 (£101) NS
03 -029 (x122) -025 (x099) NS D3 -010 (£099) -007 (£1.08) NS
D2 -0.09 (+100) -026 (+087) NS D2 009 (£097) -006 (£105) NS
)] 024 (£1.10) 007 (£112) NS D1 048 (£1.05) 005 (x111) NS
MS ~007 (£1200 -053 (+138) NS M5 030 (+117) -018 (£119) NS
M4 012 (£1.09) -024 (*116) NS M4 030 (*101) -013 (£097) NS
M3 016 (£1.04) 022 (£101) 005 M3 038 (£092) ~-008 (£091) 005
M2 -026 (+106) —054 (£099) NS M2 000 (£093) -031 (£09) NS
P5 030 (£106) -023 (x111) 001 P5 051 (+098) -022 (+£090) 0004
P4 029 (+086) -009 (zl16) 004 P4 041 (+078) -006 (£1.07) NS
P3 037 (+£089) -0.04 (£1.02) 003 P3 056 (+081) -001 (x097) 002
P2 016 (+093) -021 (£122) NS P2 035 (+084) -015 (+122) NS
Pl -0.04 (£100) —058 (£130) 001 P1 011 (£09) -045 (£147) NS
MES 007 (+086) 018 (£123) NS MES 025 (+068) —-027 (%+138) NS
ME4 -0.11 (+084) -009 (£1.03) NS ME4 -0.01 (£078) -0.03 (+£110) NS
ME3 010 (£083) 006 (£097) NS ME3 0.18 (+0.73) 0.14 (+1.08) NS
ME2 005 (x087) 004 (£103) NS ME2 0.16 (+0.80) 015 (+1.00) NS
ME1 032 (+084) -008 (£098) 0.002 ME1 042 (£082) -002 (£107) NS
MeanZ —0.08 (+068 -016 (x061) NS Mean Z -003 (+068) -003 (£072) NS
o, ' 079 (£031) 081 (£036) NS o, 0.70  (£0.20) 079 (£045) NS
NS=Not statistically significant; ©,=Pattern variability index; NS=Not statistically significant; o, =Pattern variability in-

dex; BD=Bone density (Zscore); D=Distal phalanx length
(Z score); n=Number of participants; M= Middle phalanx
(Z score); P=Proximal phalanx (Z score); ME = Metacarpal
(Z score)
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Table 3. Characteristics of male carriers and non-carriers

Test Carrier mean Non-carrier mean P
(£SD) (£SD)
n 21 (£92) 35
Age 30.4 (£0.8) 39.7 (x147) 0.006
BD -0.42 0.36 (£0.84) 0.002
Height (cm)  176.4 (£6.0) 175.9 (£5.6) NS
D5 -040 (x1.02) -0.56 (+£0.94) NS
D4 ~046 (£1.64) -046 (£0.91) NS
D3 -0.55 (+1.50) —043 (£0.89) NS
D2 -032 (10.94) -044 (£0.63) NS
D1 -0.08 (£1.09) 0.08 (£1.15) NS
M5 -055 (£1.07) ~0.84 (£1.49) NS
M4 -011 (£1.18) -035 (%£1.31) NS
M3 -012 (£1.13) -034 (£1.09) NS
M2 -059 (+1.14) -0.75 (£0.98) NS
P5 002 (£1.12) -024 (£1.29) NS
P4 0.14 (£0.94) -012 (%125 NS
P3 011 (£0.94) -0.09 (£1.07) NS
P2 -0.07 (2099 -027 (£1.23) NS
P1 -024 (2111 -0.70 (£1.13) NS
MES -018 (x1.02) -0.09 (£1.10) NS
ME4 -026 (£0.92) -0.14 (£097) NS
ME3 0.00 (0.96) ~0.01 (20386) NS
ME2 -011 (£096) -0.06 (*1.06) NS
ME1 017 (£0.86) -017 (£0.89) NS
MeanZ -022 (£0.66) -028 (£047) NS
C, 0.92 (£0.38) 082 (2025 NS

NS = Not statistically significant; o, =Pattern variability index;
BD =Bone density (Zscore); D=Distal phalanx (Z score);
n=Number of participants; M=Middle phalanx (Z score);
P = Proximal phalanx (Z score); ME = Metacarpal (Z score)

Discussion

Infantile hypophosphatasia is a severe autosomal re-
cessive inherited metabolic bone disorder. Affected in-
fants are usually stillborn or die in the neonatal period [8].
Radiologic features include markedly decreased bone
density and rachitic like changes in the metaphyses [1]-
There are milder forms of hypophosphatasia i.e. juvenile
and adult forms. Juvenile hypophosphatasia is charac-
terized by onset of symptoms after six months of age con-
sisting of early loss of deciduous teeth, craniosynostosis,
rachitic like changes and fractures. Adult hypophosphata-
sia presents in adult life with recurrent fractures second-
ary to “osteomalacia” and early loss of the adult teeth. We,
however, are not aware of any other study demonstrating
radiologic abnormalities in asymptomatic HOPS carriers.

Various biochemical abnormalities have been do-
cumented in HOPS carriers by our group as well as by
others [2, 8,9, 10]. These abnormalities include decreased
ALP, increased PEA, increased Pi and increased pyri-
doxal-5’-phosphate. Carrier assignment based on these
parameters is extremely accurate [2]. As there is a very
high incidence of infantile hypophosphatasia in the Men-
nonite communities of Manitoba and Saskatchewan and
since an accurate test for carrier status is available, we
were able to identify populations of carriers and non-car-
riers to assess potential phenotypic differences between
the two groups. In this study we have now documented
that there is lower bone density in carriers than in non-car-
riers. Although most individual bone density Z-scores

B.N. Chodirker et al.: Hand radiographs in infantile hypophosphatasi| 3. N. Chodirke

were within the normal range (i.e. —2 to + 2), the mean|HOPS carri

bone density was significantly lower in the carriers. Simi.
larly we have now shown that the lengths of 6 bones of the,
hand are significantly greater in carriers. It is not surpris.
ing to find that a disease which causes markedly decreaseg
bone density in the homozygous state may cause a leg
striking but significant decrease in bone density in heter.
ozygotes. It is unclear, however, why carriers should have
longer hand bones. Height would not be the explanation
as there were no significant differences seen in the heights
of carriers as compared with non-carriers. There are some
other diseases (eg. homocystinuria) where osteoporotic
bone changes are seen in combination with arachnodacty-
ly [11]. The underlying mechanism for the increased bone
growth is unclear.

Garn et al. have reported one patient with hypophos-
phatasia who had a high o; (i.e. 1.979) suggesting a mar-
kedly dysmorphogenic hand [6]. We find no evidence of
dysmorphogenesis in the heterozygotes as there is no dif-
ference in 6, between the heterozygotes and controls.

We are unable to detect any bias which might haveac-
counted for our results. Because the radiographs wee
analyzed blindly to knowledge of carrier status, obserife,r
or measurement bias should not account for the differg-
ces. That is, any inaccuracy or imprecision due to the tech-
nique of measurement should affect both carriers aad
non-carriers equally. The sex distribution does not seerito
be a significant factor. It is possible, however, that the un- |
equal age distribution among males may have skewed ?:fl[
results somewhat. It is difficult to imagine how as the sage
trends were seen in both males and females. The normal
values for bone lengths and density used for comparison
were based on the Fels group of Ohio Whites [4, 5]. The
fact that our study and control populations are from alif
ferent ethnic group should not affect the results althoy
the actual values for bone length or density Z-scores i@}
differ in a different reference population, the compar;
between the carriers and non-carriers group shoulds
main valid as they are from the same ethnic populatiog

Individuals who are heterozygotes for autosom
cessive conditions often show some deviation from
mal [10]. Carrier tests based on these deviations have by
developed. In most cases, these tests are based on he
logical (e. g. thalassemia) or biochemical (e. g. Tay-Sa
parameters. We have now shown that there is potentia ’
using other types of parameters (i.e. bone density
carrier test for autosomal recessive conditions such ag]
metabolic bone disease. Unfortunately, in this situay
the overlap between heterozygotes and normals isg
great to make carrier testing based on radiographs pr¢
cal.

From a clinical point of view we would not recom
that hand radiographs be used as part of an organ,
screening program designed to detect HOPS carriers:;
best combinations of sensitivity and specificity that ca
obtained from these tests are much lower than those b
on biochemical tests [2]. We have already shown
screening program based on a single blood test
measured ALP and Pi can have a potential sensiti
100% and a specificity of 96% (2). We do, howeve
that the radiologist should consider the possibility ofit
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), the Meg § carrier state when a hand radiograph shows de-
ITiers, Simi} * ed bone density even if the bone lengths are not in-
bones of th(: cased- This would be especially true if other factors (eg.
1Ot Surpyi; | ¢, 5€% OF clinical symptoms) were not consistent with
¥ decregge | -opathic osteoporosis or if the patient was from a popu-
cause a Jog| tion with a high incidence of hypophosphatasm (e.g. the
ity in hetey | yennonite Communities of Manitoba and Saskatche-

should haye| wan)- Further studies of bone density measurements 1n-

explanatig, | lving the spine and hip are planned in these two groups

tthe heighy,| 0f,,individuals. Should similar bone density differences be

IC are som | en i carriers vs non-carriers, radiologist§ and glinicians
'steoporot;{ pould be aware that heterozygotes for infantile hypo-
ichnodacyy. | shosphatasia may present with findings similar to patients
‘eased bope | yith 0SteopOorOsiS.

The technique that we have described can be used by
- hypopheg. | gthers who wish to compare large groups of individuals
iting a mar. | rom two different populations, i.e. those with a particular
svidence of| disease compared to those without. Improvements in the
re is no dif. | echnique we have described can still be made. Although
ontrols,  |he use of these computer programs allowed measure-

tht have ac. | ments and calculations on 116 radiographs to be per-

taphs were | formed much more quickly than could have been done by

is, observer | hand, there was still a great deal of effort required to trace
1¢ differen. | the bony outlines onto paper. Cost considerations pre-

to the tech. | cluded the use of the contact prints as suggested by Cou-
arriers and | pland et al. [3]. This also introduced a potential source of
not seemto | error. The different sources of error in this technique are
hat the un- | reflected in the large standard deviation shown on Ta-
skewed our | bles 1-3. As stated earlier, this error should not have af-
as the same } fected the comparisons between the two groups. We have
“he normal| recently become aware of the development of a translu-
omparison | cent graphics tablet that would enable the radiograph to
[4, 5]. The! be placed directly on the tablet, and the measurements
from a dif. | could then be taken directly from that radiograph [11}.
s although | Such a tablet has been developed for use with IBM com-
scores may | patible computers, but would require rewriting of the pro-
omparison | grams so that they would also be IBM compatible.
should re-
)Olgl)a;;:ln i.e_ Acl.cnowledgem.ents. Thi§ p{oject was generally supported by the
Children Hospital of Winnipeg Research Foundation and by the
from nor- | Manitoba Health Research Council. We with to thank J.Dumaran
have been | for expert secretarial assistance.
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