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CHAPTER 6 -, .i:i'

CLINICAL MANIFESTATIONS OF CASES

6.1 Tota1 number of cases studied and in@luctory

note

Clinical information was obtained on the following cases: 30 type

IIA, 15 type IIB, 3 lype IIC, 10 unclassifiable perinatally

lethal cases , 89 sporadic type III/IV, 19 presumed recessive type

III and 11 with probable new dominant type I mutations, a total

of L77 cases. The author personally examined 65 of the sporadj-c

type TIL/ÍV cases (2 of whom dÍed afterwards during the course of

the study), 5 presumed recessive type III cases (including one

sib pair) and 10 type I new mutation cases. The information on

the others !{as gathered from their parents, doctors and hospítal

records where possible. Families of 12 type IT-Í/MI patients

and 1 with type I returned a questionnaj-re.

The purpose of this chapter is to present and discuss the

clinical features of the patients. The information on each

patient is summarised in appendix 6.1. It is not necessarily

Íntended that this be a comprehensive survey of all the many

associatíons reported in OI, for which the reader is referred to

the excellent revÍews by McKusick (L972) and Smith et al. (1983).

L87



6-2 Sex (table 6.1)

Eighty-two cases were males , 9L lsere females and in 4, aLl

second-trÍmester terminatlons, ttre Sex vras unknown. Table 6 . 1

shows the sex distribution for each type of OI and for various

groupings of perinatally letha1 or surviving cases. The sex

ratios did not differ significantly from sOt, as noted previously

(Komaí et al., 1956; Smars, L96L; Bauze et al., L975; Sillence et

aI., L984, Sillence et âI., 1986).

6.3 Obstetric data

6.3. 1 Fetal movements during Pregnancy

Results (tabIe 6.2)

Mothers frequently perceived decreased fetal movements during

pregnancy, especially those whose fetus had type IIA or IIB OI.

Included in this group are 5 mottrers who felt no movement at all,

namely 2 mothers of babies with type IIA OI (cases 139 and L43),

and one mother each of babies with type ILL/TV (case 63),

unclassifiable perinatally lethaI OI (case J-73) and (perhaps

surprÍsingty) type I OI (case L11). Others felt that rather then

kicking normally, the fetus had rsquirmed' (type ILI/ÍV, case

72r, 'rolled' (type III/IV, cases L4 and 61), 'fluttered' (type

IIA, case L47) or a churning sensation was described by a mother

of a baby with type IIB OI (case 158). One mother of a baby with

unclassifiable perinatally letha1 OI (case L73) who experÍenced
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Table 6.1

SEX RATIOS FOR EACH TYPE OF OI

IIA
rTB
ITC
Unclassifiable PNL
fII/fV sporadic
Iïf recessive
f new mutation
Total-

12
B

1

4

51

7
I
91

16

7
2
6

28x
15

3
10
89
17*
11

173

>0.2
>0 .7
NA

>0.5
>0.2
>0.2
>0. 1

>0.2

3B
10

3
B2

All PNL
All PNS

IIIlIV sporadic PNS

III recessive PNS

25
66
50
6

32
50
37
9

57
116
87
15

>0
>0
>0
>0

2
1

1

2

Type of 0I Females Males Total P value foe l'2
statistie

* Sex of 2 cases each of IIA and fII recessive (all fetuses) was unknown.

PNL = perinatally lethal cases

PNS = peninataL survivors

P (pnobability) values for the 1C2 statistic indieate that the sex ratios
did not differ signiflicantly from 50% in any type of 0I or in the group
as a whole.

NA not applicable (numbers too small and caneel out when Yatets
conlinuity eorrection is applied ).

ti
!il
1È

I
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I

I
I

'

I

I

Table 6.2

FETAL MOVEMENTS DURING PREGNANCY (No. cases (%))

% are for known cases

? unknown

* rII & III/IV is the total of III necessive & III/il sporadic

I

30

15

3

10

89

19

108

11

20

I

3

I
22

I

30

4

2 ß%)

2 ( 2 6% )

3 ßo%

1 ( 1t+.3%)

7

6

2

33

7

40

3

(70%)

(85.7%)

32

4

36

4

(47.8%)

ß6.4%)

(46.2%)

(57 -1%)

(4e.3%)

rc3.6%)

(51.2%)

(42.9%)

IIA

IIB

IIC

Unclassifiable PNL

III/IV sporadic

III necessive

III & IIT/IVIC

I new mutation

TotaI?fncreasedDecreasedNormalType of 0I
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no fetal movement had polyhydramnios whj-ch is a well known

association of decreased fetal movement. It is not the whole

explanation in cases of OI fetuses however, âS mothers with

normal (or even reduced) amniotic fluid also reported poor fetal

movement.

DÍscussion

Fulconis (1939, quoted in Smith et âI., 1983) also reported

infrequent, weak movements of OI fetuses in the third trimester.

The reason for the report of increased movement by two motfiers of

babies with type III,/MI Ís unknown and has apparently not been

reported previously.

6.3.2 Prenatal tests

Results (table 6.3)

Fetal abnormalÍty was detected at routÍne second trimester

ultrasonography in 4 babies with type IIA OI, L with type IIB and

1 with type IIC, and these pregnancies vtere terminated between l-7

and 23 weeks gestation. In 3 pregnancíes at risk of type III OI,

that iS, the mother had already had one or more affected

children, the disease $ras detected by serÍal high-resolution

ultrasonography, aII done at one specialist centre (Kingts

College Hospital, London). These include the mother of 2

affected sibs (cases 95 and 96) and the mother of case 106 who
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Table 6.3

SECOND TRTMESTER ULTRASOUND SCANNING

IIA

rIB

ITC

Unclassiflable
perinatallY lethaI

fff/IV sporadic

III recessive

I new mutaflon

4 (R)

1 (R)

1 (R)

5 (R)

2 (R)

1(R)

13 (R)

3 (a1l fat nisk') 1 rat
ri-skl

2 (R)

Type of 0I Abnormal
(diagnosed 0I)

Normal

R - routine scan

'at rlskr - mother had 1 0r more affected chlldren prevlously'

Note - the numbers quoted as havlng normal scans is probably greaüIy
underestimated. Many other mothers said that rall prenatal
testsr were normal but the type of test was not clarified'
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were referred for detailed scanning rather late in their next

pregnancies which accounts for the lateness in making the

diagnoses in both of these fetuses (cases 97 and ro7) at 28 and

27 weeks, respectS-ve1y. The mother of cases 106 and 1O7 was then

referred early in her next pregnancy. Detailed scanning revealed

no abnormalj-ties at L4 weeks but at 19 weeks and 4 days, the

Iimbs, especially the femora, were shortened and the ríght femur

was angulated. Termination of pregnancy !,¡as carried out at 20

weeks, an¿ the diagnosis was confirmed radiographicãlIy (case

108).

In two other cases (not shown on table 6.3) fetal abnormalitles

were detected at second trimester scan, but no diagnosis was

reached and the pregnancies continued. These were case L2O (type

IIA OI) where a scan at 16 weeks showed an abnormal sku1l shape

and very faint bones. The diagnosj-s of fetal OI was made at 36

weeks on maternal abdominal radiograph. The other case $¡as no.

L7O (unclasslfiable PNL) in which a scan at 24 weeks showed 'a

grossty abnormal fetus'; the pregnancy contj-nued until 32 weeks

when the baby was stillborn after delivery by Caesarian section.

Other mothers had prenatal tests whích detected abnormality or

a non-specÍfic abnormali ty such as small fetal size- In a few,

the diagnosis !,ras made on a radiograph late in pregnancy. The

number of mothers who gave a definite history of normal routine

second-trimester ultrasonography is shown in table 6.3. The

mother of case 1oo (type III OI) when pregnant with her second
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affected child gave a history of a normal second-trimester scan-

The other mothers of recessive cases did not have any prenatal

tests during the pregnancies of their second affected children,

apart from those who had positive Scans' described above'

Discussion

Although the inforrnation is incomplete, it can be seen that

routine second tri-mester ultrasonography detected 6 cases of type

II OI and none of type rLL/fv (or type I), which is not

surprisÍng considering that the skeletal changes at birth Ín the

type II are more severe. However, for pregnancies at risk of

type III OI, serial- high-resolution scanníng by an experienced

operator did detect affected fetuses in the second trimester, but

the reliability of a negative result has yet to be fully

evaluated.

The timing of diagnosis is an important consideratÍon' The

earliest diagnosis was made at 17 weeks gestation in a baby with

type IIÀ OI and the latest at 28 weeks in a baby with type III'

The cause for the delay in the latter vras partly circumstantial;

in the mother's next affected pregnancy, the díagnosis $tas made

at 20 weeks. Correct prenatal diagnosis before 20 weeks by

careful second trimester ultrasonography in pregnancies at rfsk

of type IIA OI l^tere reported by Dinno et aI. (L982) and Shapiro

JE et aI. (Lg82) and of type II B OI by Stephens et al. (1983),

Patel et al. (1983), Elejalde and Elejalde (L983) and Ghosh et

aI. (Lg84), as early as 16 weeks gestation (Ghosh et êI., l-984)'
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In a pregnancy at risk of type III OI, Aylsworth et a1. (1984)

noted a probable fracture of one femur at 15 L/2 weeks gestation

by ultrasonography but severe shortness of the femora !'¡as not

apparent until the next scan at 19 weeks. similarly, Robinson et

aI.(Lg87)reportedonapregnancyatriskoftypelllolin

which the femora were of normal length on scanning at 15 weeks

gestatíon, but showed severe shortening by 20 and 22 weeks'

After termÍnation of these pregnancies' both fetuses were

confirmed to be affected-

prenatal dÍagnosis usÍng careful, serj-al ultrasonography by an

experienced operator should be offered to mothers who have had a

baby with severe OI (types IIÀ, IIB and IIC' III and ILf-/fV)'

The evidence suggests that the results are 11kely to be

trustworthy, perhaps with the cautÍon that the reliability of a

normal result ín sporadic type III/IV OI ís uncertain' Although

the recurrence risk in types lff/rv and especially IIA OI are

Iow, it would still seem sensíble to offer this non-invasÍve and

hopefutly reassuring test-

Ideally, identification of the mutation in indivÍdual familÍes

would clarÍfy the recurrence risk and would provide the potential

for an accurate prenatal test for those at high risk, âS

discussed previously. For the majorÍty at low rísk' detailed

scanning in the second trimester could be offered to cover the

risk of recurrence due to germinal mosaicism'
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Another possÍbility is prenatal diagnosls by examinatÍon for

abnormalÍties of type I collagen in chorion villus samples in the

first trimester (J Marini, presented at the 3rd International

Conference on OI, Pavia, Lg87r. Widespread application of this

technique should await characterisation of type I collagens

produced by normal chorion villl and should probably be reserved

for families at high risk of recurrence.

WhiIst fj-rst trimester prenatal diagnosis using DNA markers

linked to collagen genes can be offered j-n some dominant

pedigrees (Sykes et â1., L989), at present, second trlmester

ultrasonography is the main option for mothers of sporadic severe

cases.

6.3.3. Amniotic fluid volume

Results and discussion tab]-e 6 .4)

The Ínformation for the type II and unclassifiable perinatally

Iethal cases was obtained from hospital records. For the other

types, the informatÍon generally relied on the motþerrs

recollectÍon of her doctor's report, which is like1y to be less

reliable. Nevertheless, Íncreased amnÍotÍc fIuÍd volume

(hydramnios) was relatively more common in the former (type II

OI) than the latter (types III and IIIIMI) groups (table 6'4)'

In one case of unclassifiable perinatally lethal OI (case L74),

the volume of amniotic fluid at delivery was estimated to be at

Ieast 3 litres, despite a recent amniocentesis to relieve
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Tabl-e 6.4

AMNIOTfC FLUID VOLUME (No. cases $))

olo are for known cases

? unknown

*III A III/IV is total of III recessive & III/ff sporadic

ITA

rfB

IIC

Unctassifiable PNL

fII/IV sporadlc

III reeessive

TII & IT]/IV*

f new mulation

Total

3 ( 30 .0%)

2 (33.3%)

1 Q0.a%)

37 e7 -1"/")

7

44 (78.6%)

1

6 (60.0%)

3 (50.0%)

1 (10%)

1 (16.7%)

2 (40.0%)

6 (2.5%)

U2.5"/")

20

9

3

5

41

12

52

10

30

15

3

10

89

19

108

11

2 (\0.0%)

5 ( 10 .4%)

(8.9"/") 75

51 66.2%) 16 Qo.8%) lo (13.0%) loo 177

Type of 0I Normal Increased Decreased ? Total
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polyhydramnios. (This baby was case 3 Ín the report of Young et

â1., 1985). Hydramnios was not associated with fetal hydrops and

the reason for hydramnios in pregnancÍes of OI fetuses Ís unclear

but has often been described (Furness and whÍte, L973; Heller et

âI, lg75; Monks , Lg68; Mussio, 1960; Frerking and ZínR, L952) '

Campbell ( L966) reported severe polyhydramnios'

Decreased amniotic fluid volume (oligohydramnios) was reported ín

only a few cases and was not associated with renal abnormalíties.

In two babies, one with unclassÍfiable perinatally IethaI OI

(case 170) and the other with type IIIIMI (case 64), amníotic

ftuid leakage and antepartum haemorrhage' respectÍvely, probably

explaÍn the oligohydramnios. Two cases, one with type IIB OI

(case ;-S2) and one with unclassifiable perinatally lethal OI

(case 168) had smalI lungs macroscopically but their Iung

microscopy was not descrÍbed. It is therefore Ímpossible to

determine whether they had true lung hypoplasia, which can be

associated with olÍgohydramnios. In the absence of documented

lung hypoplasÍa or amniotic leak, the cause of oligohydramnios in

these and the other 6 cases (table 6.4) is unknown and does not

seem to have been reported before-

6.3.4 Livebirths stillbírths and termi-nations

Results (table 6.5)

The terminations of pregnancy (TOP) mostly followed detection of

abnormalíty at routíne second trimester ultrasonography, as
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IIA

IÏB

IIC

Unclassifiable
PNL

III/TV
sporadic

III recessive

I new mutation

89

5 (9.2%)

11

193

s8 (e8.9%) 1 (1.1%)

7 (70%)

4

2

16 (100%)

11 (100%)

2 (100%)

3 ßo%)

21 ( 80 .8%)

12 (100%)

30

14+1*

5

10

Type of Of Livebirths Stillbirths TOP Tota1

Table 6.5

LMBTRTHS, STILLBIRTHS, TERMINATIONS OF PREGNANCY (TOP) (¡lo. cases $))

* Information as lo whethen llveborn or stillborn in one case unknown

oh are of livebirths plus stillbirths, excluding TOP
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described in section 6.3.2. In another pregnancy' the

termination was performed for social reasons ( at L8 weeks

gestatj-on) and the fetus was found to have type IIB OI after

delivery (case 161).

Stillbirths were common in the type II group, wÍth the exception

of type IIB in which all of L2 babÍes were liveborn. As many as

Lg.2* with type IIA and 3Ot with unclassifiable perinatally

Iethal oI were stillborn. No baby with type IIC OI was liveborn.

By contrast, only one baby (1.18) with type T.IL/MI !'¡as

stillborn and aII with types III and I OI were liveborn.

Discussion

In the series of 48 cases of type II OI of Sillence et al.

( 1984 ) , the f Índings látere remarkably simÍIar; stillbirths

accounted for 7 of 38 (18.48) babies wÍth type IIÀ OI, no baby

with type IIB OI was known to be stilJ.born and all 4 babies with

type IIC OI were stÍllborn. Similarly, of 2t patients with type

III OI (Sillence et ê1., 1979b), aII were liveborn but one dÍed

Ín the newborn period.

6.3.5 Gestational age

Results (tables 6.6 and 6.7)

from the motherfsGestational age refers here to

menstrual period. From tables

the tíme

and 6

last

that
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Table 6.6

GESTATIONAL AGE (G¡): NIIMBERS BORN PRE-' POST- OR AT TERM (No. cases (%))

x III & III/Ms total of III & IfI/IV.

IIA 14 (60.9%)

4 ( 36 .47")

2 (100%)

6 (75t")

: 
(5.7% )

5 (5%)

21 (zr"/")

9 ße.1%)

7 (æ.6%)

3

2

2

4

2

1

30

15

3

10

89

19

105

11

IIB

IIC

Unclassifiable PNL

III/il sporadie

III recesslve

III & TTI/ilX T

I new mutation

2 (25%)

82 (93.2%)

12 ( 100%)

94 ( 947,)

I ( 80/J

1 (1.1'1") 1

34

5

1

1 (1")

Type of 0I Preüerm
(<37 wk)

Tenm
(37-42 wk)

Post-tern
(>42 wk)

Unknown TOP Total
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Table 6.7

MEAN GESTATIONAL AGES (GA), TN I.IEEKS (1 I SD)

Numbers in brackets indicate numbers of patients for whom GA was known.
If the group involved 3 or fewer cases, the actual GArs are given.

I new mutation

III & III/IV*

TII recessive

III/IV sporadic

Unclassifiable
PNL

IIC

ÏTB

IÏA

Type of 0I

38.z 13.05 (n=11)

39.33 1t.a (n=1oo)

38.9 lt.zU (n=12)

39.4 1t.g¡ (ni88)

34 .6 lz.gl 1¡=8 )

28,30 (n=2 )

38.1 lz.ss (n=11)

36 .3
+3.36 (n=23 )

Mean GA for
Iivebirths & still-
births

38 .2 13.05 (n= 1 1 )

39.q 1l .¡g (n=99¡

38.9 lt .zU (n= 12 )

39.5 I 1 .55 (n=87 )

35 .7 lz.oo (n=6 )

38.1 lz.SS (n=11)

36 .4 1¡.,{¡ (n= 1 I )

Mean GA flor live-
births

30 (n=1)

30 (n=1)

31,32 (n=2, & 1

unknown )

28,30 (n=2 )

32.4 It . ¡o (n=5 ¡

Mean GA flor
stillbirths

25 l¡l 4

20,27 ,28 (n=3 )

19 (n=1)

18,23 (n=2)

17 ,18,23 (n=3, & 1 unknown)

GA at termination

r+ III & III/IV is total of III recessive & III/IV sporadic



types IIA, IIB, IIC and unclassifiable perÍnatally lethal cases

were more lik]ey to be born preterm and had lower mean

gestational ages than the cases of types IfI/Ív, III or I OI who

$¡ere more likely to be born at term. In table 6-7, it can be

seen that stillborn babies were more likely to be born at an

earlíer gestational age than liveborns. The time at termination

(when known) for 10 fetuses Ís also shown in table 6-7 - These

are not Íncluded in the category 'preterm' in table 6-6-

Discussion

Similar results were found by Sillence et aI. (1984) who noted

that mean gestational ages for 28 babies with type IIA OI and 4

with type IIC were 35.7 + 3.9 weeks and 35.3 + 3'8 weeks,

respectively. Babies with type III OI were usually born at term'

Mean gestational age for: 2L babies with type III OI was 39 weeks,

ranging from 37 to 42 weeks (Sillence et ê1., L979b).

6.3. 6 PresentatÍon at delivery

Resu].ts ( table 6.8 )

Breech presentation was conmon in all groups, except in the type

I cases. In the types IIA and IIB groups, ês many as 13 of 15

babies (86.7*) and 4 of 6 babies (66.7+) presented by the breech,

respectively. About one-third of types III/IV and III Cases were

breech, which is well above tt¡e frequency of z.LL* in the general

population (Ritchie, 1986). AlI of I babies with type I OI
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Table 6.8

PRESENTATION AT DELIVERY ( l¡o . cases &) )

* 2 fIA and 1 III/IV sporadic were foolling breech'
1 TII/IV sporadic I¡Ias a bneech wilh extended legs'

** transverse lie

*** not engaged in the Pe1vis

It*xlt 1 bneech turned by extennal vension and presented vertex.

Numbers in brackets ane % loe those known, excluding the TOP

(terminations of PregnancY) -

I rlr & Trr/rv is totar of rrr/rV sponadic & rrI recessive-

11

B9

IIB

IÏA

3

3

108

19

1 ( 1.1%) 16

47 rc1 .8%) 28x (36.8%) t**ìr(1.3%) 13

(60%) 1 (2o%) 1 ** (20%) 5

11

7

¿

2

2

IÏC

8 ( 61 .5%)

55 ( 61 .8%)

8**** ( 1 00%)

5 (38.5%) 3

33 ß7.1%) 3

30

15

3

10

(13.3%)

(33.3%)

ß* (86.7%) 4

)1 (66.7%) 2

-1

IIT / TV

sporadic

Uncl-assif iable 3

PNL

IIf recessive

III & IIÏ/IV I

I new mutation

BneechType of 0I Vertex TOP Other Unknown Total
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presented by the vertex, although one had been breech and was

turned by externar version. one baby (case 32, frl/rv sporadi'c

OI) presented by the breech with extended tegs and was the only

affected newborn without significant tibial bowíng' suggesting

that flexion of the legs fn utero contributes to tibial bowing'

Discussion

Breech derivery occurred in 5 of 38 babies (13.2*) with type rrA

OI in SÍllence et al.'s (1984) series and numerous authors report

breectr presentation of fetuses with oI (Zervoudakis et a1., L978;

pierog et a1., Lg6g; Bock, 1969; Posner and Goldman' L957; Benson

et al., Lg78; Laverty et ê1., lgTL; Gillanders, L957) ' Benson et

aI. (1978) in reviewing L43 patients with oI emphasised the high

íncidence of breech births which occurred in 30 0f L23 cases

(24.48). The reasons for the increased incÍdence of breech

presentation of fetuses with oI may include first, âD unusual

head shape which dÍscourages engagement in the pelvis, and

secondly prematurity; the latter ís well known to be associated

wíth breech presentation (Ritchie, 1986). It is important to

note that attempted external version of a breech fetus with OI is

lÍkely to cause fractures (Bock, Lg6g; Beighton et al., 1983)'

6.3.7 Mode of deliverY

Results (tables 6.9 and 6-10):

Tabte 6.9 indicates that obstetric intervention during delivery
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Table 6.9

MODE OF DELIVERY (No. cases (%))

SVD - sponùaneous vaginal delivery

* III & III/il is the total of IlI recessive & III/IV sporadic

IIA 5 Qe.4%)

\ (50%)

3 (r7.7%) e

2 (25%) 2

(52.9%) 4

(25"/") 2

1

9

5

2

3

30

IIB 15

IIC 3

Unclassi-
fiable PNL

3 (42.9%) 1 (14.3%) 3 (42.9%) 10

IIT/IV
sporadic

\7 rcg.ffi) 1 1 (16.2%) 10 (14.7%) 21 89

rïr
recessive

s (61.5%) 2 (15.4%) 3 QJ.l%) 3 3 19

III &

ITIlIVIT
55 rcT .9%) 13 (16.1%) 13 (16.1%) 3 24 108

I new
mulation

6 (85.7%) 1 ( 14.3%) 4 11

Total 73 (60.8%) 19 (15-8Ð 28 Q3.3%) 10 47 177

Type of 0I SVD Forceps Caesarlan TOP Unknown Total
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Table 6. 1 0

REASONS FOR CAESARTAN SECTION (CS)

Type of 0I Reason

IIA

IIB

Unclassifiable
PNL

TotaI

III/IV sporadic Bneech alone

Breech alone
Footling bneech' IUGR

Breech, fetal distness'
Breech, IUGR, oligo-
hydramnios
Fetal distress
Fetal distness, APH

Unknown

Total

Fetal distress
TUGR

TotaI

Placenta Praevia, ovarian 1

cyst
Feta1 abnormalitY 1

I previous CS, unstable ) 1

Iie associated with severe )

poly-hydnamnios )

Breech, hYPerlension,
previous CS

Fetal head not engaged in
pelvi-s
Maternal fibnoid
Unknown

Case no.

120(el), 139(em)
138(eI)
144(em)

147(e1)
122(em), 125þn)
134(em)
123(eI)

154 (em)
152(el)

170(em)

173(em)
174(eI)

2
1

1

1

¿

1

1

No. of
cases

10

9

¿

5

6

1

13, 29 ,\2, '.12,

83, 89

32 (el )

18

25
4

Total

III recessive Bneech aLone
Bneech and IUGR

Breech and CPD

TotaI

I new mutation APH

Grand total

IUGR - intrauterine growth retardation'
CPD - cephalopelvic disproportion'

92
90
91(er)

3

28

'116(em)
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$¡as common. Overall, (excluding the 10 termj-natÍons) only 61E of

mothers delivered by spontaneous vaginal delivery, 1-6* requj-red

forceps, usually because the fetus was breech (in 14 of 19 cases)

and 23t had Caesarian sections. Babies wÍth type II OI were more

Iikely to be delivered by Caesarían section or forceps than were

those with types III/IV or III OI. By contrast, 6 of 7 babies

with type I OI were delivered normally (but the numbers do not

dÍffer significantly from those for the type IIL/ÎV group' p O'5

- O.Z ) . Reasons for Caesarian section are given in table 6.-10 -

Two babies, case LLz (type I OI) and case L46 (type IIA OI) were

the first-born of twins. The co-twin in each case was normal-

Díscussion

surprÍsingly llttle has been wrj-tten about the optimal mode of

delivery for a fetus with oI (Romero et â1., 1988). Some authors

recommend that Caesarian section is the optimal mode of delivery

if the fetus is known to have OI 'to avoid fetal trauma' (Simpson

et a1., Lggz). ülhilst it may be true that caesarian section

minimizes the risk to the mother if she herself has OI (Roberts

and Solomons, Lg75; Bullard et al., L977' Quakernack et dL',

1980), some experienced obstetrÍcians poi-nt out that if the

mother is healthy, a vaginal delivery whÍch is proceeding

normally may not necessarily be any more traumatic to the fetus

with OI than a Caesarian section. (Professor Charles Rodeck'

personal communicatÍon, 1988). Laverty et a1 (L97L), however,

noted that a baby with OI delivered by Caesarian sectíon survived

whereas affected twins delivered by breech extraction died, âs
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did another baby who was delivered normally and who was found to

have multiple skull fractures and a cerebral haemorrhage at

autopsy. The types of OI affecting these babies is not known,

however, and this may influence outcome as much as does the mode

of de1Ívery. In the present series, the 3 babies with type IIB

OI who survived beyond the perinatal period vrere spontaneous

cephalic births (2 cases ) and breech forceps extraction ( one

case), the baby with type IT.f./fV OI who died soon after bj-rth was

delÍvered by electÍve Caesarian section and the baby with type

III OI who died soon after birth was delivered by breech forceps

extraction. All babies with types III and Lfl/TV OI born by

spontaneous vaginal delivery survÍved the perinatal period

(fJ-gure 6.1). There is, therefore, no evidence that the mode of

delivery consistently Ínfluences survival in Severe OI, but that

the type of OI certainly does. Kuller et al. (1988) made the

logical suggestion that if a fetus is known to be at rÍsk of OI'a

radiograph should be done before delivery and babies with

adequate skull mineralisation can be delivered vaginally' The

use of forceps should be avoided if possible (Simpson et a1',

L982).

6.4 Measurements of babies at birth

6.4.L Birth weight

Results (tabtes 6.11 and 6.12)

Table 6.11 shows the mean birth weight of babies when known and

,'À

ql
'¡ti
¡

,î

I
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SVD F CS SVD

III/IV sporadic III

SVD - spontaneous vaginal delivery
F - forceps

CS - Caesanian section

Figure 6.1

MODE OF DELIVERY COMPARED I¡]ITH PERINATAL SURVIVAL

47

I Perinatal survivor
Perinatal lethalf\)

o
a

a)
t¡l
v)

CJ

Oz

11

10

9

B

7

6

5

4

3

2

1

SVD F CS SVD F

IIA IIB
SVD F

Unclass.

CS

PNL

FCSSVDFCS
7

CS

TYPE OF OI
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ITA

IIB

TIC

Unclassifiable
PNL

III/IV sporadic

III recessive

TII & III/TV**

I new mutation

35

2701 ! uSo.z

277u ! 620.2

27ß ! 475

2511 ! ZSS.Z

82)

12)

94)

10)

(n=

(n=

(n=

(n=

(n = g2)

(n = 12)

(n = 94)

(n = 10)

zg.s ! t -sg

38.9 i 1.24

!

39.4 r 1 -6

38.2 I 3.05

(n = 19)

(n = 11)

1¡¡ = 2)

(n=9)
I: 3.0

1691 j ¡SA.e

2276 ! 576.3

738 I S3.o

1384 I 37U.3

(n = 18)

(n = 10)

q¡=2)

(n=7)

36 1 E.S:

y.B ! z.ug
I

29 :1.41

Mean birth weight (em) Mean GA(wk)*Type of 0I

Table 6.1 1

BIRTH WEIGHT (MCAN J I SD)

*The GA (gestational ages) here refer to the GA of babies whose birth
weights are known. Thus the fligures fon GA are different 1n some cases

from lhose in table 6.6 where GA for aII babies are shown.

** III & IIr/IV is botal of rII recessive & III/IV sporadic-
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Tabl-e 6. 12

BIRTH I,IEIGHT CEI{TILES (No. cases (%))

rÉA11 III & III/IV is total 0f III reeesgive & III/IV sporadic '

** inc. - incluslve

30

15

3

10

89

19

108

11

12

5

1

3

7

7

14

1

2 Q.4)

1 (8.3)

3 ß.2)

3 (16.7)

3 (30)

21 Q5.6)

3 (25.0 )

24 Q5.5)

3 (30)

1 (5.6)

(10)

(50)

(14.3)

1

1

1

41 (50.0)

6 (50.0 )

47 (50.0)

5 (50)

14 (77.8)

6 (60)

1 (50)

6 (85.7)

18 Qz.o)

2 (16.7)

20 Q1 .3)

2 Qo)

IIA

IIB

rlc

Unclassifiable
PNL

III/IV
sporadÍc

III recessive

AI1 III & IIIi
rv*

I

TolalUnknown>50th -
97th
inc.

>1oth -
50th inc-

3rd- 1 0th
inc. **

<3rdCentiles -
Type of 0I
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the mean gestational ages of those whose bírth weights were

available. Babies with type II OI tended to have very low birth

weights, whereas those with types ffl, ],f.f/Tv and I oI had birth

weÍghts at the lower end of the normal range (2500 gm is at the

3rd centiÌe, at term). Two babies with perinatally lethal types

T.-:'./ÍV (case 89) and III (case 106) OI both had birth weights of

2g8: gm at 38 weeks gestation, which is below the mean for aI1

typeT.I.r/Tv(27oLgm)anda]-ltypelllbabies(27749m).onthe

other hand, Ífl the type IIB OI group, the mean birth weight of I

with perinatally lethaI disease v¡as 2298 gm (i 681'5)' compared

to the mean of 22L5 gm (+ 165.5) for the 3 perinatal survivors'

In other words, the birth weight withÍn a particular category I^¡aS

not necessarÍly lower in those who died perinatally.

Table 6.L2 shows the proportj-on of babíes grouped accordíng to

birth weight centiles. One half to three quarters of babies with

type II OI fell below the 3rd centile for birthweight, whereas

about one-fifth of those with types III' ILL/ÍV and I oI had

birth weights below the 3rd centile and about three-quarters fell

between the 3rd and 50th centiles. It was unconmon for the bírth

weight to lie above the soth centile. The growth charts used

were those of Gairdner and Pearson (1985)'

Discussion

The mean birth weÍghts in the series of Sillence et aI' (1984)

were L64O + 52g gm (n=24) for type IIA OI and 492.5 + 287 '7 gm

(n=4) for type II C OI. (No details were given for the type IIB
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cases). These are very similar to the findings in the present

study. About half of 2L babies with type III OI (Sillence et

âI., LgTgb) were above the loth centile for birth weight' but

relatively more of their cases (5 of 2!, 23.8*) were over the

SOth centil-e anð, 2 of these were over the goth' About half of 51

babies with type I OI in the same report were over the 50th

centile at birth, whereas no difference was noted between types

III and T],T/IV, and type I oI in the present series. In general'

it appears that the more severe forms of oI are associated with

lower birth weights, ês might be expected'

6.4.2 BÍrth length and head circumference

Results ( tables 6.13 and 6 - l-4 )

Table 6.13 shows the mean crol^In-rump and crown-heel lengths and

the mean occipitofrontal head cÍrcumference (oFc) at bÍrth for

babies with type II OI. Unfortunately' very little data $tas

obtained for the types III and I]T/ÍV Cases, and none for the

type I cases. The crown-heel measurements were well below the

3rd centÍIe in all babies with lethal OI except for one wl-th type

IIA OI (case 139) whose length was on the 3rd centÍIe, and two

with type IIB (cases 15O and 153) whose lengths were on the loth

centile. A boy wfth type IIB OI (case L64) who survied to six

weeks is included in table 6.13i he also had a birth length weII

below the 3rd centile. A girl with type IIIIMI (case 3) wtrose

birth length was on the goth centile grew only 3 cm by the time

of her death at 3.8 Years.
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Tabte 6. 1 3

MEAN CRoWN-RUMP AND CRowN-HEEL LENGTH AND MEAN OCCIPITOFRONTAL HEAD CIRCUMFERENCE (OFC) AT BIRTH

GA - mean gestational age for those with known lengths or oFCrs.

(No data for type I 0I).

Mean crown-
rump length 1

1 SD (cm)

Type of 0I GAJlSD
(weeks )

IIB

IIA

IIC

III

Unclassifiable PNL

III / IV

5

632
(n

18.7 1 5.1
(n = 3)

32.5 : 1

(n=3¡

27 .o ! 3.6
(n = 3)

25.8 ! 5.1
(n = 15)

38.o ! 2.7
(n = 3)

25.7 ! 5.9
(n = 3¡

1o
3)

34 .0
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taOte 6. 1 4

CENTILES FOR OCCIPITOFRONTAL CIRCUMFERENCE (OFC) (NO' CASES (%))

PNL - perinatallY lethal

* inc. - inclusive

Type of 0I

IÏA

IIB

ITC

Unclassi-
flable PNL

IfI/TV

ITI

7 (63-6%) tt ß6.4%)

3 $0%)

-1

3 Q5%)

1T

86

19

893

2

1 (25%)

19

9

2

6

2 ß3.3%) 1 (6-7%)

30

15

3

10

Centiles <3rd Unknown Tota>50th -
9?th inc -

> 1 0rh-5ofh
inc.

3rd- 1 0th
ine. *
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Useful standard curves of crolâ¡n-rump length for gestational ages

beyond the embryonÍc period ( I post-ovulatory weeks ) are

apparently unavailable (O'Rahilly and Mllller, t986)' Two

pathologÍsts, commenting on cases in the present series, however,

noted that a 20 week fetus with type rrA or (case L32) and a term

fetus with unclassifiable perinatally letha1 OI (case L76) had

normal crov¡n-rump lengths, but short limbs'

The head circumference was also often below the 3rd centile

(table 6.L4). Comparing oFc and crown-heel length in individual

patients, however, revealed that the head

larger than length in aJ.l of 20 cases with

one boy with type IIA OI (case L43) whose

proportionately both well below the 3rd centile. The oFc of the

five TLI/IV and III cases were all between the lQth and 50th

centiles; the girl whose length lâras known ( case 3 ) had no

relative macrocephalY-

Discussion

Sillence et aI. (1984) noted that the mean crovrn-rump length in

2O babies with type IIA OI was 34.2 + 4.4 cm which is the same as

the mean crown-heel length in thÍs series. Since the babies in

the two series had the same birth weights, this author wonders

respectfully whether síllence and his colleagues were in fact

referrÍng to crown-heel length.

In any event, babies with severe oI are very short at birth and

!{as reJ-ativeJ-Y much

lethat OI excePt in

OFC and length !'¡ere
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in two cases this was shown to be mainly a result of limb

shortening. Whether or not this is true for all cases cannot be

deduced from the available data. The appearance of a relatively

Iarge head is well known ín babies with OI (Laverty et ô1', L97L)

and although the head enlargement is usually relative rather than

absolute, Monks ( 1968 ) suggested that the enlargement of the

transverse diameter in the temporal region of the fetal skull in

OI may predispose to obstruction durÍng the second stage of

Iabour.

6.5 Survival of ]-iveborn babies: prognosis can be

based o4 radio].ogica]. apflearance at bírth

Results (table 6.15)

Liveborn babj-es with types IIA and unclassifiable perÍnatally

lethal OI survived on average for 4 hours and none lived longer

than 24 hours. Nine with perinatally tethal type IIB OI died on

average at L4 hours, but three died later, at 4 and 6 weeks and

26 months, respectively. One tiveborn baby with type fIT/fV OI

died at the age of one day and one with type III OI died at 10

hours. A further 15 of 87 (L7.2*) of patients with type T'LT/IV

OI dÍed after the perinatal period at a mean age of 4'L years;

thus a total of 16 out of 88(18.2+) Iiveborn type [fl/rv oI

patients died.

In the type III OI group, I of 15 (53.38) patients died after the

perinatal period, êt a mean age of 4.8 years; the total number of

2L8



Iiveborns who died was therefore 9 out of 16 (56.3&)- Àbout one

half of the types Tlr/lv and III cases who died did so before 2

years and all but one died before 10 years. Approximately equal

numbers of males and females died (table 6.15). The causes of

death are discussed in sections 6.6 and 6'7'L'2'

DÍscussion

The radiographÍc appearance at birth can be used to predict

prognosis to a certain extent. PrognosÍs is worst in type IIC OI

in which 6 of 7 cases (this study and Sillence et a1', 1984 ) were

stillborn; the other (this study) was a second trímester

termination. Danks (Lg75) also reported 2 sibs with probable

type IIC OI, one of whom died fat or soon after bÍrth' (details

for the other sib were not given). Prognosis is also very poor

in type IIA: none of our patients lÍved beyond 24 hours; although

Sillence et aI. (1984) reported maximum survival to six weeks l-n

type IIA OI and Bonadio et al. (1985) descríbed an affected girl

who lived to 6 months. Patients with the radiographic appearance

of type IIB OI also have a pgor prognosis Ín terms of survival,

but survíval may be longer than in type IIA. Goldfarb and Ford

(1954) reported two sibs with probable IIB OI who died at five

months and 5 L/2 months and Hein (L928) described a gi-rl with

probable type IIB OI who died at 5 months. Maximum survival in

the present studY was to 26 months.
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Table 6. 1 5

AGE AT DEATH OF LIVEBORN CASES

PNL, PNS perinatal lethals and survivors, respectively. F = female, M = male

rr III & III/IV is total of III/IV sporadic & III recessive-

I new mutation

III & III/IV*

III recessive

III/IV
sporadic

Unclassifi able
PNL

ITC

TIB

IIA

Type of 0I

11

2 PNL

102 PNS

1 PNL

15 PNS

1 PNL

87 PNS

7

9

3

PNL
PNS

l
l

21 PNL

Livebirths

(0%)

2
(M)

23
(12F,1 1M 1 

,.u .*,

1

(M)
I

(3F,5M) I 
,,u ,*,

1

(M)
15

(gF,6M) ] 
,,u ,,,

7 ( 100%)

3 ] ( 1oo%)

21 ( 1oo%)

Deaths $)

1 I hours

4.4 years Iuo,"

10 hours

4.8 years ]u'u"

1 day

],,,"
4.1 years

4 hours

llr'iili'l z'5 mth

4 hours

Mean age at death

1 .33 years

1 .6 years

1.25 years

40 minutes

6 hours
6 weeks

l0 minutes

Median age
at death

10 hours to 1 day

16 days to 18.5 years

10 hours

16 days to 16 years

1 day

0.25 Lo 18.5 years

20 mlnutes to 20 hours

t hour to 48 hours
4 weeks Lo 26 months

I minules Lo 2lI hours

Range of age at death



The vast majority of cases with the type T-LT-/TV or type III

appearance at bírth survived the perinatal period but about one

quarter overall died in childhood. This may be an underestimate

of the mortality rate however, Since the rnethod of ascertainment

may bias against finding deceased patients wt¡ose famities had not

joined the Brittle Bone society. More reliable are the results

of silLence et aI. (1979b) based on birth incidence of type III

oI, in which I of 2L (38.18) infants with type III OI died'

mostly in ínfancy, aS Ín the present study. one of theÍr cases

died in the newborn period. Thus, a signifi-cant proportion of

patíents with type rIJ/rv and type III OI survive childhood, and

the prognosis Ímproves if the chitd lives through the first two

years. occasionally, patients may survive to middte age (see

section 6.7.1.1). Many parents of children with types III and

T-:..L/TV OI reported that their paedíatricj-ans had predícted an

early demise for their child. Paediatrícians should be made

alvare that these children may survive'

Sporadic cases wíth only mild bowing at birth usually have nild

dÍsease and probably represent ner'I domínant mutations of type I

or.

In summary, the better the bone morphology at birth, the longer

the survival. This is similar to the results of the scoríng

system devÍsed by spranger et al. (L982). LÍkewise, shapiro

(1985) in a review of 85 patients wlth oI, found that poor bone

morphology at bÍrth or at the tíme of lnitial fracture predicted

a r^¡orse prognosis for survival and ambulatíon'
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6.6 description of babies

Type IIÀ OI

In 10 babies, blue sclerae ldere recorded (cases L2O, L22, L23,

L25, 128, 138, l-39, I42, !44, L49). In 4 of these, the sclerae

1{ere described aS 'dusky bluet ( case L23 ), 'very blue ' ( case -

L28), 'dark blue' (case 138) or 'grey blue' (case L44)' In the

other 20 cases, ño reference to scleral colour was made in the

hospj-tal notes.

Post-mortem reports were available in 18 cases (cases LzO, I22-

L25, L27 , 1-2g , Lgz, Lg6, 138-140 , L43-L47 , L49) ' rn all, note

was made of the severe shortening and deformity of the limbs and

of the very soft skull, often described as'Iíke an egg-shell',

due to minimal or absent sku].]- mineralisation. The head, which

appeared to be relatively large compared to the body as noted

above, $tas often globular in shape with a round face ( figure

6.2). Flexion and abduction at the hips and ftexion at the knees

imparted a characteristic posture to the legs. The thorax vtas

small. Specj-fic note of very fragile skin l^tas made Ín one baby

(case I25) and in another (case L42), the head had become

avulsed followíng gentle tractÍon during delivery. Case I37 had

a ruptured llver. In one baby (case 140), there was macroscopíc

absence of the falx, tentorÍum and meningeal membranes and a

subdural haemorrhage had occurred Ín another (case L22)' All

Perinata]-lv ]-ethal cases

(table 6.16)
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Table 6. 1 6

MANIFESTATIONS IN PERINATALLY LETHAL CASES*

of OI IIA IIB IIC Unclassifiable PNL

festation

e sclerae 10/10 ol2
213

PNL

PNS

111 4t4

ak tissues 3 2 2

2racranlal
emorrhage

plastic lungs

macroscoplcallY

mlcroscopicallY

1

2

4

1

1

1 (falipes)
ema 1

her 2 (undesc.
tesles )

1 (ASD, renal

1 (nata1 teeth) t (taliPes

1 (cloudy cornea) 1 (Meckel I s
diventic. )

1 (tcataracts t )

rmal karyotype 313 1 l'l 111 313

* see text for details, PNL - perinatalJ.y lebhal, PNS - perinatal survivor
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Figure 6.2

A baby with tYPe IIA OI (case 140) '

Note the rounded face, small chest and short bowed limbs'
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bones l{ere generally soft or brittle and one pathologist

described them snapping on gentle handling. Multiple fractures

were noted, associated with beading of the ribs. The vertebral

bodies were frequently f1at, and the límb bones were often

described as tcrumpledt or 'Iike a concertinat.

The other organs r^rere usually normal. The lungs $tere specífícally

commented upon Ín 3 cases and descrj-bed aS 'congested' ( case

LzO), rminimally aerated' (case 138) and 'grossly hypoplastic'

(case LAg), respectively. In only one (the latter) was lung

histology examÍned and it was normal for gestational â9ê,

suggesting that the lungs lgere small because they had not

inflated, rather than because of true hypoplasia. Two males'

delivered at 3L and 39 weeks gestation ( cases L43 and L49,

respectively), had intra-abdominal testes, bilaterally in the

former and of the rÍght testis only in the latter. One baby

(case 139) had a large atrial septal defect (ASD) of the fossa

ovalÍs type, and bilateral hydronephrosis and hydroureter

associated with stenosi-s of, the ureters at the vesico-ureteric

junctions.

Chromosome analysis on 3 babies was normal (cases 138, L42, L46)'

The latter had a normal twin sib and healthy father both with an

ínversion of chromosome, 2.
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Type IIB OI

In two (cases 155 and L59) of L2 babies with perÍnatally lethal

oI, the sclerae lvere specifically noted to be white, but were not

commented upon in the others. Two (cases L62 and L64) of the 3

who survived the perinatal period had dark blue sclerae and in

the other (case 163) the sclerae were of normal hue.

The general descrÍption of babies with perÍnatally lethal type

IIB OI !,¡as similar to that for type IIA. The limbs were short

and bowed and the head was relatÍve1y large, soft and 'boggy'

with poorly mineralised sku1l. Marked generalj-sed oedema was

noted in 2 cases (cases 151-, 156). Post-mortem reports obtained

on 3 babies (cases L52-L54) revealed multiple fractures. One baby

(case 152) was said to have 'pulmonary hypoplasia" but the lungs

ïrere not examined histotogically. Another (case 154) had a

subdurat haemorrhage. Additional anomalies $tere two natal teeth

Ín the lower gum margín of case 155 and cloudy corneae and large

irides 1n case L52. Chromosome analysis in one case (no' 161)

vras normal.

Figure 6.3 shows a baby with perinatally lethat type IIB OI. The

impression ís that the severity of hís limb shorteníng is less

than the baby with type IIA shown ín figure 6.2. Unfortunately,

Iimb lengths cannot be formally compared fn the 2 groups due to

lack of such data. For comparison, a baby with type IIB OI who

survived perinatally Ís presented in figure 6.4, to strow that the

appearance of the two babies is símilar-
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Figure 6.3

AbabywithtypellBol(case155)whodiedat24trours.

Note short bowed limbs.
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Fi-gure 6.4

A baby with type IIB OI (case L62) who survived for 26 months.

Note that the appearance of the limbs is similar to those of the
baby with perinãtally lethal type IIB OI in figure 6.3

The parents of the baby in fígure 6.4 made a special request that
ner inotograph be iaentifiea witn her name, rather than remaining
anonymous. She was named Corrinne Jay.

ß
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Type IIC OI

Post-mortem reports were avaÍIable for aII 3 babies and noted

that all had short Iimbs. In one (case L67), stillborn at 28

weeks gestation, the head had 'burst' during delivery' In the

other two, delÍvered at 30 and 19 weeks, complete absence of

skull vault mineralí=.tion t.= found. The sclerae in the 19 week

fetus (case 166) were definitety darker than controls at the same

gestationat age and the mandible $¡as short. The 30 week baby

(case 165) vras extremely hydropic, had 'gross hydrocephalus"

very low Set ears, bilateral talípes deformíties of the feet and

the left hand had been avulsed and had a cyst 0.5 cm in diameter

attached to the little finger by a stalk. In all 3 babies, there

were multiple fractures and bony deformities, but other organs

vrere normal. Chromosome analysis of case 166 was normal.

HÍstological examination of bone in one case (no' 166) confirmed

the diagnosis of oI, and showed osteoporosis, a propensity to

heal fractures, normal differentiation of the costochondral

junction and maturÍty of cartilage fn the centre of epiphyses'

UnclassÍfi-abIe f¡erÍnatally lethal OI

Post-mortem reports were available ín all 10 cases' In 4, the

colour of the sclerae was recorded and was abnormal, described

as 'blue' (case L72), 'grey-brown' (case 175), 'dusky' (case L77)

and fabnormal' (case 169). Severe timb shortenÍng and paucity of

skull vault mineralisation l,fas again noted. Evidence of

.,t
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fríability of tissues v¡as again present: one baby (case I7O) had

a partíal amputation of a leg below the knee which may have

occurred during delivery and another (case L74) had amniotiC

bands at both wrists and the left ankle, and the right foot was

absent. The latter child was case 3 in the report by Young et

aI. (1985). Intracranial haemorrhages had occurred in 2 babies;

one(case169),hadasubependymalhaematomaoftheright

ventricle and a subarachnoÍd haematoma over the right parietal

lobe and another (case L77) had subdural, subarachnoid and

intraventricular haemorrhages. The lungs were small on gross

examination in 4 cases (cases L68, L7L, L72, L76). Histology in

case Li L revealed true lung hypoplasÍa but in case 168' lung

morphology $¡as normal. Mostly, it appeared that the lungs vtere

unaerated or only minimally so. One chÍId (case L7]-) with a flat

face,widelyspacedeyesand]-owplacedearsalsohadmÍId

tal1pes.

Other anomalies included undescended testes ín 2 males (cases ].75

and L77), a MeckeI'S diverticulum in case L7O, and 'bilateral

cataracts' in another (case L75). The latter was a clÍnical

observatÍon, rather than a post-mortem fÍnding' One baby (case

168) with generalised extramedullary haematopoiesis and oedema

was thought to have had a haemolytic disorder of unknown cause'

chromosome anarysis in 3 cases (no. L6B, L7o, L76) \ilas normal.

Histotogy of bone ín 2 cases (no. L7L and 173) was consistent

wÍth oI, showing mínímal bone formation, dÍsorganísed

osteogenesÍs, thin delicate bony trabeculae but normal-lookíngI

t
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epiphyseal cartilage.

Sporadic type III IV and recessive tYPe III OI

There were 2 babies with type III/TV 01 and one wÍth type III OI

wíth perinatally lethal disease and 3 terminated fetuses with

type III OI. Attempts tO Obtain post mortem reports on these

babies were unsuccessful and scleral colour was not known for

any.

Discussion

severe limb shortening and deformity, a soft globular skull and a

characteristÍc facÍa1 appearance produce the recognisable

clinical phenotype at birth noted by sillence et al ' ( 1984 ) '

Àlthough none of the babies was seen personatly by the author,

from the clj-nical descriptions and photographs it appears that

there !{ere no constant distinguishtng features to aIlow

differentiatÍon of the various sub-groups clinically, without

recourse to the radiographs. Scleral colour was not particularly

helpful in this regard. l{hilst all 10 infants with type IIA OI

in whom scleral colour I¡Ias recorded had dark blue sclerae, (as

díd 20 of ZL infants reported by Sillence et â1., L984) babies

with type IIB OI had either white (3 cases) or dark blue sclerae

(2 cases) and one wíth type IIC OI also had blue sclerae.

Extreme friabitity of tíssues resulted l-n either avulsion or

rupture of the head during delivery in one baby each with type

I

I

r
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IIA and IIC OI respectively, rupture of the liver and fragile

skin (both type IIA OI), avulsion of a hand in type IIC OI and

partial amputation of a leg during delivery in a baby with

unclassifÍable perinatally lethal oI. similar reports of

avulsÍon of body parts during delivery have ínvolved babies with

type IIA oI (Hetler et aI., Ig75; Sillence et cII., 1984;

Steinmann et al., Lg84; deWet et a1', 1983)'

A child in the unclassifiable category had evidence of amniotic

bands which may also attest to the friability of the amnion' a

tissue of fetal origin. similarly, a baby with unspecified

perintallylethaloldescribedbyMagnineta]-.(L962)hada

constriction at the right elbow whicÌr could have resulted from an

amniotÍc band. In support of this was the hÍstory of amniotic

fluíd leak during the pregnancy. A fetus wj-th probable type IIB

oI !,ras noted after termination to have amniotic bands on both

hands resulting in amputation of fingers and constriction rings

(Elejalde and EleJalde, 1983). AmnÍotic bands have also been

descrÍbed in babíes wÍth other connective tissue disorders,

namely two infants with Ehlers-Danlos syndrome ( EDS ) type IV

(young et aI. 1985) and one wittr epidermolysis bullosa (Marras et

ê1., 1,984). The fetal membranes are composed of collagen types

I, III and v (Pope et a1., 1983) and the amnion is the major

Ioad-bearing component (Hoyes, L}TO). OI is due to defective

type I collagen, EDS Mo defective type III collagen ( Pope et

â1., Lg75) and in One fOrm of epidermolysis bullosa, increased

collagenase activÍty is the underlying defect (Bauer, L977)'

Torpin (1968) suggested that amniotic bands arise from premature

',jq
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rupture of the amnion. AbnormalÍties of collagen therefore may

explain the occurrence of amniotic bands in babies with oI and

other connective tissue disorders. Mothers of babies at risk of

these conditions should perhaps take special care to avoid any

abdominal trauma durtng pregnancy. Prenatal díagnostíc

procedures, although often Lndicated ln these pregnancÍes, ßâY

also pose sPeciaJ. hazards.

Fetal oedema and hydrops lvere noted in 2 babies with type IIB OI

and one with type IIc. Sillence et â1., (L984) emphasised that

hydrops occurred ín some 158 of their cases, all with type IIA OI

andnonewithtypellB.ourfindingsperhapsindicatethat
hydrops is yet another non-specific association of perinatally

Iethal OI. A baby with unclassÍfiable oI and oedema with

extramedullary haematopoiesÍs may have had a haemolytÍc disorder'

The cause of death probably mainly related to poor aeration of

the lungs. In 6 babies, the tungs were small macroscopically;

histology in 2 of these revealed normal morphology and Ín one

there was true hypoplasia of the tungs. At the 3rd International

Conference on OI (Pavia, Lg87), Shapiro and colleagues reported

on a baby with probable type IIÀ OI who had pulmonary hypoplasia

(reduced Iung weight, together with decreased numbers of

branching airways, acini and alveoli ). Although under light

microscopy there appeared to be increased collagen in the

peribroncholar and periarterial sheaths and in interlobular

septa, electron mícroscopy of pulmonary alveolar septa suggested

fewer type I collagen bundles than normal. Analysis of

I
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procollagensynthesisedbyskinfibroblastssuggestedadefectin

d-t(l) chaín synthesis' The authors proposed that this defect

tlhether
may cause impaired pulmonary organogenesis in letha1 OI'

this is generally true remains to be proven'

Failure to establish effective ventilation may also result from

poormechanicaleffort,whicrrinturnmayresultfromthesmall

chestsizeandpaínfromribfractures.Anotherfactorwhich
probabty contributed to death was intracranial haemorrhage noted

ÍnonebabywithtypellAOl,onewithtypellB'andZwith

unclassifiable perinatally lethal dísease' It is lÍkely that the

soft skulI predÍsposes to intracranial haemorrhage durlng

deliverY (BaileY' L97L) '

Àssociated anomalies inctuded natal teeth, Meckel's díverticulum

and extramedullary haematopoiesis; these are probably not

causally related to oI. Glover (Lg22) described a boy wÍth mild

sporadic oI and normal sclerae whoSe lOwer central incísor teeth

werealreadyeruptedatbÍrth;nosecondteethdevelopedÍn
those sites. other anomalies such as undescended testes and

talipes could possíbly relate to the connectíve tissue disorder'

The absence of falx, tentorium and meningeal membranes in one

babyandhydrocephalusÍnanotheraremoredÍffj.culttoexplain.

one baby with type IIA oI had vesico-ureteric Junction stenosÍs

with secondary hydronephrosÍs and a large ASD' hlhilst congenital

defects of the renal tract are apparently rare in or' congenitar

heart lesions have occasionalty been described' For example '

Navani and sarzin (Lg67) described two unrelated babies with tlpe
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IIA OI, one of whom was found at post mortem to have a large (7

mm) ÀsD; the other (a 33 week fetus) had a patent foramen ovale'

as weII as atresia of the second part of the duodenum and

undescended testes. Two sibs described by Remigio and Grinvalsky

(L970) (see also section L.4.L.2) had an abnormal basophillc and

mucoid appearance of the connective tissue of the heart and its

valves and the aorta. The boy also had coarctation of the aorta

and subluxation of the lens of the eye. This sib pair is unusual

Ín that not only did they have the radíological appearance of

type IIA OI but also their manífestations overlap wÍth those of

the Marfan syndrome. Finally, Sillence et aI. (1984) described

microscopic calcification of the aorta and endocardium in two

babies with tYPe IIA OI.

one baby with type IIB OI in the present series had cloudy

corneae and large irides, suggestive of glaucoma, but

histological details were lacking. Elevated intraocular pressure

is rare Ín oI (smith et al., 1983). Smoll-nska and olbromska

(Lg77) descrÍbed a patient with 'Ekman-Lobstein-Van der Hoeve

syndrome, who had btlateral simple glaucoma and a right-sided

thrombosis of the central retínal vein. A baby with

unclassifiable lethal OI in the present seríes had poorly

documented 'cataracts'. This is remÍniscent of the three sibs

descrÍbed by Buyse and BuIl (1978) who died perínatally and had

the radiological appearance of type IIA OI with cataracts and

microcephaly. The head cÍrcumference of the baby in the present

series, however, Idas on the 75th centÍle'
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No chromosomal abnormalíties stere found. Chromosomal defects

have been reported in 5 patíents with OI, 4 of whom died

perinatally. The karyotypes of the latter were 46,NY,-5,-

D,t(5q*;Dq-)+;cen+ (Richon et al' ' L97L); 46'xx

(92+) /47 ,XX,+G( 88) (Ninatti and Patriarca, 1968 ) and 46,XX

r(18)(p11 ,qzg) (Marcovic et â1., L979 ) whích could all have been

unrelated findings. A baby wlth radiological type IIA OI and

white sclerae who died at 22 days of age described by Knisely et

â1:, (1988) had a 46,XY, inv(7)(p].3q22) karyotype, as did his

healthy mother. The authors point out that the affected infant

may represent a compound heterozygote for an a(z(f) collagen

defect. (The case is discussed Ín section 1.9.6.2'5)' The fifth

patient with an abnormal karyotype (46,XY, del(L2)(pL2pL3) had

Iess severe oI which he inherited from his father who had a

normal karyotype (orye and craen, Lg75), suggesting that the

deletion in the child was unrelated to the OI'

6.7 Perinatal sun¡ivors

6.7 .L Age of patients and cause of death

6.7.L.L Age of patients alive at the tine of the study or

at death

Results (table 6.15 and figure 6-5)
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Type IIB OI

Of the L2 liveborn cases, only 3 survived the perinatal period'

They all died subsequently, at 4 and 6 weeks and 26 months, ôS

described in section 6.5. A baby with type IIB OI who survíved

for 26 months is shown in figure 6.4.

Type IIIIIV OI

Eighty-eÍght patients were IÍveborn. one of these died

perinatally, leaving 87 perinatal survivors of wtrom 15 dÍed

subsequently (Table 6.15 ín section 6.5). Only two of these

(cases 3 and 46) $rere seen by the author and they died

subsequently, durÍng the study period. case 75 was alive when

his parents returned the questionnaire, but he dÍed soon

afterwards. The mean age of the 75 cases alive at the time of

the study (including the three just mentioned) was L4'78 years'

range O.25 to 54.83 years. The mean age of all 87 perinatal

survÍvors at the time of the study or at death (whichever came

fírst) was L2.g4 years, rançJe o.25 to 54.83 years. Figure 6.5

shows the age distribution.

Type III OI

Sixteen patients vtere lÍveborn. One dÍed perinataLly, leavíng 15

perinatal survivors, I of whom died subsequently (tab1e 6'15 1n

section 6.5). The mean age of the remaining 7 cases alive at the

time of the study was L4.O6 years, rançle 0.33 to 32.08 years, and

the mean age at the tÍme of the study or at death of the 15
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perinatal survivors was g.Lz years, range L6 days to 32.O8 years'

Type I OI

AII l-1 cases v¡ere lj-veborn and none died subsequently' Their

mean age at the time of the study was 15.46 years' range 0'67 to

40.5 years.

6.7 .L.2 Cause of death in liveborn PatÍents with types

IIB, III IV and III OI

Results (table 6.L7)

Type IIB OI

Two of the 3

bronchopneumonia,

contents.

babies

and one

(cases L62 and 163 ) died from

(case L64) from aspiration of gastric

Type IrI/rV Or

sixteen liveborn patÍents died post-natally. one of these (case

89) died perinatally (at 24 hours) of respiratory insuffíciency'

Eight patients (see appendix 6.1- for case identÍficatÍon) died

from a lower respíratory tract ÍnfectÍon. In one of these (case

3) who díed at 3.8 years, the post-mortem report showed evidence

of right heart faiture probably secondary to respiratory

insufficiency, with right atrj.al and right ventricular dilatation
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Table 6.17

CAUSE OF DEATH IN PERINATAL SURVIVORS

14 1 2

1
6

III reeessive
(n=8)

III/IV sporadic I
(n = 15)

IIB(n=3) 3

Chest infectlon Cerebral
haemorrhage
after a fall

Post-
operative
fat
embolism

Unknown

Type of 0I Cause of death
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and hypertrophy. one other chíld (case 46) died at age 9 years

from a cerebral haemorrhage assocíated wj-th a skull fracture

following a falI from her wheelchair. In 6 cases, the cause of

death was not known to the author'

Type III OI

Nlne of 16 riveborn patients died. one, a mare (case 106), died

at 1O hours of respiratory insufficiency. Four others (cases 9L'

93, 94, 98) died from chest infections; two of them were sÍsters.

oneboy(case1o5)diedatageg.2yearsfromanextradural

haemorrhage associated with a skulL fracture sustained during a

fall from his wheelchair and another boy (case 1O1), died at age

1.8 years from a fat embolism which occurred in the post-

operative period of an Íntramedullary rodding operation' In

cases 92 and 96, the cause of death is unknown'

DÍscussion

Inseveredeformingol(typesI.rT./T.vandIII),ttrethoracic

volume becomes severely compromised by skeletal deformity of the

spine and chest (see section 6.7.2.2) - Respíratory failure'chest

infections and cardiac failure may follow and are the commonest

cause of death in severe oI (Sillence et ê1., L979a,b)' Fat

embolism following intramedullary rodding receives no mentíon as

a complication in Smith et al.'s (1983) review of post-rodding

complications. Reports of intracranial haemorrhage after skull

fracture |n the older child are scarce. Glover (L922) described
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a boy r"¡ith sporadi-c mild oI and normal sclerae who died at 7 L/2

years after a probable skull fracture. In the present series, 4

patÍents wíth severe deforming oI were known to have had a skull

fracture and this lead to death in 2 cases. Falls from

wheelchairs are obviously a potential danger for individuals with

oI and the possibility of a skull fracture or intracranÍal

bleeding shoutd be considered'

6.7 .2 The skeleton

6.7.2.L Fractures

6.7 .2.L.L Fractures at birth

Results table

TrzDE IIB OI&

The 3 patients who survived the perinatal perj-od all had at least

24 fractures at birth-

Type IIIlIv OI

parents were able to give an estimate of the number of fractures

at bÍrth in 35 cases. A further 44 reported that 'multíplel

fractures $rere present at birth. rn 31 cases, radiographs taken

at birth were avaitable for review. fn 25 cases' thís included a

rbabygram', so that, ôt Ieast, the J.imbs and ribs were visible'
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Table 6.18

REPORTED NTJMBER OF FRACTURES AT BIRTH (NO. CASES (%) )

f\)

w

No. fractures

Type of OI

IIB

III/IV sporadic

III recessive

I new mufation

1-5 6- 10 1 1-20

1 (11 .1%)

>30 Total

5 (14.3%) I (22.9%) 3 (8.6%)

rMulliple I Unknown

I

4

2

3

44

9

3

87

15

11

19 $\.3%)

2

I (88.e%)



In 6 cases, only parts of the skeleton could be seen, but this

included at least a vi-ew of the femora. For 2 additional cases'

a doctorsrs report of the number of f ractures counted IâtaS

available.

In practlce, the author with Dr HalI (consultant radiologist)

found it very dÍfficutt to count fractures, as there were often

multiple small metaphyseal fractures of long bones and ít $tas

often impossible to determine whether deformity represented an

old fracture. Neverthetess' counting discrete fractures in ribs

and long bones, the parentsr reports were generatly confÍrmed and

an average of about I fractures, ranging from about 1 to 30' were

counted (N = 27, including the 2 doctorfs reports. The 6 cases

with only part of a skeletal Survey available were not included'

The numbers of fractures counted for eacfi case are given in

appendix 6.1). The 2 babies wÍth perínatally lethal disease

(cases 88 and 89) had at least L4 and 5 fractures, respectively'

III OI

In g cases, multiple fractures at birth stere reported by the

parents, confirmed by the author on the radiograph in 3 cases;

parents of 2 cases reported 2 fractures at bírth and in 4 cases

fractures were reportedly presefrt at birth, but their number was

unknown.

Type
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Type I OI

By contrast, few fractures at birth were present Ín thÍs group

wÍth mÍIder oI. In 9 cases, the parents reported that at birth

the number of fractures present was one (2 cases)' 2 (4 CaSeS), 3

(1 case), 4 (1 case) and L4 (1 case). In 2 cases, the number of

fractures at bÍrth was unknown. Neonatal radiographs of 2 of

these patients were available confirming the presence of 2 and 4

fractures respectively and showíng good length and modelling of

Iong bones and only mild bowing of the femora and tibiae in one

(figure 4.1).

Discussion

Since patients $¡ere ascertained by the presence of fractures at

birth, it is clearly not possible to comment upon the incidence

of fractures at bÍrth. Beighton et al. (1983) noted that all of

21 cases with type III OI had fractures at birth, whereas only L4

of 2L Ín Sillence et al.'s (1979b) seríes of progresslvely

deformÍng OI !{ere born with fractures, the mean number being I

(as in the present type I.Tf/lV group) with a maxímum of 80

fractures. Some of their cases had 'short and broadf femora and

so could possibly represent type IIB OI. Nevertheless, multiple

fractures at birth are common in Severe OI' More fractures may

be present in type IIB than type LII/IV oI, even if the latter

díe at birth.

Documentation of the numbers of fractures at bírth in type I OI
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is difficult to find, but several authors noted that patients

with miLd oI were less li-ke1y to be born with fractures (Falvo et

ê1., Ig74; Bauze et a1., Ig75) and in sillence et al.'s (L979b)

series, only 5 of 65 (7.7*) 1n the type I group had fractures at

birth. The present study sho!,¡s that patients with type I OI who

do have fractures at birth have few'

6.7.2.L.2 Fractures occurring after birth

Results (table 6.19)

Type IIB OI

case L62, wtro lived tO 26 months, suffered only one fracture

after birth; but cases 163 and 164 who lived to 4 and 6 weeks had

none and tseveralr 
' respectively'

Type III IV OI

Information on the number of fractures after birth v¡as avai-Iable

for 8o cases. In 10 cases, fracture number could onJ-y be

expressed as 'multiple'; the numbers of fractures suffered by the

other 70 patients are shown in table 6.19. The maximum number of

fractures counted was 4oo, in case L4, a 23 year old female'

patÍents were not specifically asked about the numbers of

fractures occurring at various ages, but many said that the

frequency of fractures seemed to decrease in the second half of

the flrst decade. Some noted that bouts of fractures míght be
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Table 6.1 9

FRACTURES oCCURRING AFTER BIRTH IN PERINATAL SURVIVORS (No. CASCS (%))

(% are for those with a known number of fractures)

Note: Cases 12, 60, 66 sald they had rhundnedst of fractures and were seored as 100-199.
Cases saying tover one hundredr were scored as 100-199.
Cases were grouped in the nearest braçket, e.g. rover 50r scored as 60-99.

No. fractures

Type of 0I

IIB

III/IV sporadic

III recessive

I new mutation

1

21 (30%)

2 (22.2%)

6 ( 60%)

3

87

15

11

1-20 21-60 6t-990 100- 1 99 >.2OO

6 (8.6%) 10

-2

-1

tMultiple I Unknown Total

1

7

4

1

? ( 10%)

1 ( 11 .1%)

14 (20%)

? (22.2"1")

4 (40%)

4 (5.7%)

1 (1.1%)

18 (25 .7'1.)

3 (33.3%)



interspersed by fracture-free periods lasting for several months

or even a year or more. À1I of the patients who had none or one

fracture were under g months of age. Overall, the total fracture

number Íncreased wíth advancing a9e, as might be expected. There

was however, wide variation. For example ' a male aged 39 years

(case 27) reported only 4 fractures, whereas a gírl as young as

L.25 years (case 74) had 25 fractures, and one boy (case 66) had

over 1OO fractures before he died at 6.8 years.

The long bones of the timbs were the maín sj-tes of fractures in

alt cases. Other bones occasionally involved included the ribs,

nose, mandible and foot. Two patients had suffered a skull

fracture, Írt one of whom it proved to be fatal'

In general, fractures occurred wÍth minimal trauma, fot example

on kicking the legs the femur would fracture, or sneezing or

coughing mj-ght result in a rib fracture. Often fractures in

young children appeared to be spontaneous. Most patíents noted

that a greater degree of trauma was required to produce a

fracture with increasÍng age. An unusual phenomenon often

described vras an apparent mismatch in the degree of trauma

compared to the tendency to fracture. For example, a fracture

might occur Íf the patlent suddenly turned around, but not if he

fell out of his wheelcÌraÍr, suggestÍng that the dírectÍon as well

as the force of the injury is important in causing a fracture'
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Type III OI

Information on the number of fractures occurrÍng postnatally was

available for 11 patients, as shown in table 6.19. Two of these

patients reported tmultipler fractures. Again' few fractures

tended to occur in the fírst or Second year' with a dramatic

increase thereafter. There rrras marked variation, however- One

patfent (case LOO) aged 10 years reported 80 fractures, but had

none in the fj-rst year, and another (case 103) aged 20 years had

50 fractures, 37 of which had occurred before 2 years.

The main sites of fractures were agaÍn the long bones; 2 patients

had had a skull fracture which was fatal Ín one'

Trauma required to produce fractures was again often reported aS

minimal but increasing with age and apparently spontaneous

fractures occurred in early years.

Type I OI

six patients out of 10 (6Ot) had experienced no more than 10

fracturesi their ages ranged from 0.67 to 36'25 years, with a

median of about 4 years (table 6.19). Four had from 45 to 60

fracturesi again there was a wide age range from 5'5 years to

4O.5 years, median of about 19 years. One patient aged 20'75

years had not counted her number of fractures but had 'manyr '

The maximum number of fractures reported was 60'
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The 6 patíents over the age of L4 years reported a marked

decrease in fracture frequency at puberty.

The major site of fractures was the long bones of the legs, the

arms being less commonly affected. One patient had suffered

multiple ríb fractures.

Trauma required to cause a fracture seemed to be greater than in

the type ITI/ÎV and III groups. Four patients .noted that mild

trauma could cause a fracture and two thought that their

fractures were caused by a moderate degree of injury, such as

might occur in a fall. Only three gave a history of havÍng an

apparently spontaneous break.

Discussion

The data presented on fracture numbers is somewhat anecdotal;

only a few patients or their families had kept a 'fracture

diary'. Many patients pointed out that although a minor fracture

was sometimes suspected, they would not seek medical attentíon

since if there were no obvious malalignment, little or no

treatment would be required; thus fracture number may be

underestimated.

Fracture frequency depends not only on bone fragility, but also

on the age and activity of the patient, exposure to accidents and

the degree of parental supervisfon (Castells' L973).

Nevertheless, some conclusions can be drawn. First' none or few
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fractures may occur during the first years of lj-fe in severe OI-

This might engender a false Sense of security in parents and

physicians, who are then disappointed wtren fractures begin to

occur. Secondly, although the total number of fractures is

generally greater in severe than mild OI and in older than

younger patients, this relationshtp does not always apply in

individual cases, ês described above. Sinilar observations were

reported by Bauze et al. (L975) and Smars (1961). The maximum

number of fractures in the type I gro[p v¡as 60, whereas over one-

quarter of patients Ín the types IIL/ÎV and III groups had over

1OO, and almost 1OE with type IfL/fV OI had more than 2OO

fractures.

The decrease j.n fracture frequency in severe deforming OI

beginning between 5 and 10 years lvas also noted by Sillence et

al. (19Z9aCb) and a similar decline in fracture frequency fn the

mild group at puberty is well known (McKusick' L972) but most

patÍents continue to have fractures in adult life (Bauze et ôI',

1975 ) .

patients with type I OI noticed that fractures mainly affected

the legs whereas the more severely affected patlents said that

all limbs could be affected. Presumably, the maior stresses of

the more mild]y affected ambulant patlent are predominantly

directed to the legs, whereas fractures of the upper limbs are

relatively more frequent if the patient does not walk (Smith et

âI., 1983), since he or she might use the arms for propelling a

wheelchaír. Fractures in bones other than the long bones
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occurred uncommonly, as has been observed previously by other

authors (quoted in Smith et â1-, 1983).

The very mÍnor degree of trauma which can precipitate a fracture

in severe OI is welt descrÍbed (Smith et al.' 1983)' However,

the minimum force which caused a fracture tended to increase with

age and was greater Ín patÍents wÍth type I OI'

The suggestion that fractures in OI are not necessarÍIy painful

(Key, Lg26; McKusick, Lg72) was generally met with indignation by

patients and their families with all types of oI. Thelr

experÍence was that most fractures produced severe paÍn with the

possible exception of recurrent fractures at the Same sÍte'

6.7.2.2 Ske1etal deformity evident on clinical examination

Results (table 6.20)

Type IIB OI

The 3 patients !,tere not seen personally by the author because

they had died, but thej-r parents reported that the shortening and

deformity of lj-mbs noted at birth persisted. Case 163 who dÍed

at 4 weeks had short but straight arms. FÍgure 6.4 shows case

L62 at birth. (Her radiograph at the same age is seen in figure

4.3).
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Table 6.20

SKELETAL DEFORMITY NOTED ON CLINICAL EXAMINATION IN PERINATAL SURVIVORS*

* No. cases with deformity (/.)

No. cases with known result

Deformity of limbs refers to limbs that were not straight. Several patients had slraight but shortened limbs,
which were not classified as deformed-

? information unknown. Information regarding the spine from cases 74-85 reptying by queslionnaire not included.

tu\¡(,

87 t96 (90.6%)

14/14 (lOO7")

86te7 (88.7%)

72t83 (86.8%) 61 t66 G2.4%)

68173 G3.2%)

\3t63 (68.3%)

51172 (70.8%)

IIB 2 2

III recessive 11112 (91.7%)

I new mutation 2111 (8-2%)

III/IV sporadic 76184 (90-5%)

2t3 rc6.7%) 313 ( 100%)

4/10 (40%)

7 17 ( 100%)

6/ 10 (60%)

B t9 (BB.e%)

4/10 (40%)

AII III & TIIi
IVltlt

Spinal deformity (scol-iosi
&/or kyphosis)

Type of 0I Deformity of arms Deformity of legs Pectus
carinatum

tt* AII III & III/fV is total of III recessive and III/IV sporadie.
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Type IIIIIV OI

Severe progressive skeletal deforrnity characterised this form of

ol,producj.ngarecognisableclinicalphenotype,describedaS
follows:

skult: In lnfancy, the anterior fontanelle was often large and

closed later than normally. The head frequently appeared

relatively large compared to the body. Bi-temporal and bi-

parietal prominence were common (figure 6'6)'

Face: MOst patients had a trÍangular-shaped fac;e, a tall wide

forehead, flat maxilIae, a prominent iaw and a large beaked nose

with a prominent nasal bridge. In infancy, the nasal bridge

tended to be flat and was so marked in one baby as to be

associated with difficulty in breathing through the nose' The

palpebral físsures tended to slant downwards. shallow orbits

assocÍated with ocular proptosis were common, often givíng rise

to a'setting-sun'appearance of the eyes (fÍgure 6'7 and 6'8)'

The ears often appeared low set but this was because of the slope

of the head beLow the prominent parietal bones (figure 6'6)'

Facial and skull asymmetry were occasionally seen' Family

photographs revealed that the typical facÍal appearance l^ras often

recognisable at birth and in ínfancy but was of a lesser degree

than in later Years.
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Figure 6.6

Case L4 (type ILI/IV OI), aged 23 years.

Note bi-temporal and bi-parietal prominence, broad forehead, flat
maxil-lae, prominent jaw, Iarge beaked nose, prominent nasaf
bridge, shallow orbits, down-slanting palpebral fissures,
appearance of low set ears and right convergent strabismus-
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Figure 6.7

Case L8 ( type IIIIMI ),
aged 2.3 years.

Note the shallow orbits,
ocular proptosis and
'setting-sun' appearance of
eyes. See also the pectus
carinatum and bowing of the
tibiae.

Figure 6.8

Case 72 (type IT-I/ÍV OI), aged 9
months.

Note 'setting-sun' appearance of
eyes and deformity of right upper
arm.
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Limbs: At birth, the thighs and lower legs were often bowed due

to the underlying bony angulation and the legs tended to be held

flexed and abducted at the hips. !{ith ô9ê, these deformities

increased, although occasionally a parent described an apparent

decrease in leg deformity Ín the first few months but this was

usually only temporary. In later childhood and beyond, the legs'

partÍcu1arly the thighs, were often very short and deformed with

anterior bowing of the lower Iegs. The arms v¡ere frequently

short with bowing and twisting deformities so that they resembled

the gnarled trunk of a grapevine ( figure 6.9 ). Often the

position of the elbow was dÍffÍcult to locate clinically, due to

fixation of the joint and angulation of adjacent bones following

fractures. Table 6.20 shows the numbers of patÍents with limb

deformities.

Chest: Chest deformity was the rule (fígures 6.7 and 6.9).

pectus carinatum rrras documented clÍnicatly in 61 out of 66 cases

(g2Z). The youngest patient with pectus carÍnatum was 6 1,/2 months

and it was noted in 3 others in their first year. The deformi-ty

increased with age and was often severe in late childhood and

teenage years. One patient had pectus excavatum, 2 had a broad

chest and in only 2 cases was the chest of a normal shape

clinically, and they were babies aged 5 and 7 months.

Spine: Scoliosis with or without kyphosis was evident on

clinÍcal examinatÍon in 43 of 63 patíents (68t), the youngest was

aged 2 years. The next oldest cases with clinically evident

spinal deformity were 7.8 and 1O years. One mother had noticed
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Figure 6.9

Case 64 (type r.II/lV OI), aged 3.3 years.

Note deformíties of aII ].imbs; in the arms these produce a bowed,
twisted appearance. Ttrere is a severe pectus carinatum, a
relatively large head with apparently low set ears and dark
sclerae.
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Figure 6.1O(a)

Case B ( type IIf / MI ) , aged 1- year.

Note limb deformities, small chest, dark sclerae.
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the onset at 3 months. The deformÍty increased with age and was

often severe in teenage and later years. A marked lumber

lordosis was conmon in later childhood.

Figure 6.10(a-e) shows a young lady with type LLI/ÎV OI from the

age of 1 year to L9.3 years, to show the progression of deformity

and ultimate short statute. She is one of the few patients able

to wa]-k unaided.

Type III OI

The clinical phenotype of these patients

appreciably from the type TII-/IV sporadic cases

6.L2) .

díd not differ
(figures 6.11 and

Only 5 were examined by the author and this included only one sib

pair. Supplementing this with information from the parents,

hospital records and referring physicÍans, the followÍng was

found:

Skull and face: The shape of the skuJ.1 and facÍaI

simiJ.ar to those of patÍents with typecharacteristÍcs v¡ere

rrrlrv or.

Limbs: The limb deformities showed a similar pattern and

frequency as was described for the type lf.f./fY sporadic cases. In

the sib pair examÍned by the author, the elder, a male aged 32

years (case LOz), had severe shortenÍng and deformity of all 4
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Figrure 6.10(b)

Case 8, aged 3.8 years.

Note worsening of deformities, especially in left arm.
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Figure 6.10(c)

Case B, aged 5.25 years.

Note surgical scars in rÍght leg.
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Figure 6.LO(d)

Case B, aged 5.7 years,

Note severe pectus carinatum.
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Figure 6.1O(e)

Case B, aged 19.3 years. Note severe short stature, but that She
is able to stand (and walk) unaided.
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Fígure 6.11

Case 99 (type

HÍs appearance
6.72) .

III presumed recessive OI), aged

does not differ from sporadic

30 years.

cases (see figure

Figure 6 -L2

Case L2 (sporadic type fII/fV OI), aged I4.7 years.
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Iimbs, whilst his sister, aged 2O.7 years (case 103) had arms of

relatively normal length with very mild bowing and short legs

which had been deformed prior to Surgery. The brother's

fractures had occurred ín the arms and legs whereas the sísterrs

had occurred mainly in the legs. Both had surgícal píns Ín leg

bones but had never had any Ín the arms.

Chest: À1I of 7 patients had pectus carj-natum. the youngest was

3 years old. Case 1O4 had both pectus carj.natum (upper chest)

and excavatum (lower chest).

Spine: Scoliosis with or without kyphosis was present in I out

of 9 cases, the youngest being 3 years. One child (case 94) aged

3.3 years had a straight back; her affected sister (case 93) who

died at 8.5 years had a miJ-d scoJ.iosis only. Lumbar lordosis was

documented in I case (case 103). Both the chest and spinal

deformities were generaJ-J.y severe in late chíldhood and teenage

years.

Type I OI

Ten of the patients were seen bY the

another child returned a questionnaire.

much milder in this group (figure 6.13).

Skull and face:

facJ.al appearance

facies (cases 109,

author; the famiJ-Y of

Skeletal deformíty was

Three cases (LLz, 115, 118) had a simiJ.ar

to the tlpe f.Lf/TV cases. Three had normal

113 and LLA). The remaining cases had one or
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Fígure 6.13

Case 109 (type I OI), aged 4.2 years.

Note mild (compared with type Iff/IV cases) bowing of femora, Do
chest deformity and normal facial appearance. Her height is
below average (-2-6 SD) but is much greater than in the type
III/IV patients.
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two mild abnormalities such as a broad forehead, prominent nose'

mildly triangular shaped face or downslantÍng palpebral fissures'

without having the immediate 'gestalt' of the 'oI facles' noted

in the severe cases.

LÍmbs:Sixpatientshadnolimbdeformity(agesSmonthsto

36.25 years, medían 10 years). The others had mild bowíng of

eÍther the tÍbiae alone (case 113), the tibiae and a forearm

(case1L5),thefemora(cases1O9and119)'ortheforearms(case

LLz). Their ages ranged from 4'L7 to 4O'5 years' median L4

years.

Chest:oflocasesexaminedbytheauthor,3hadanormal

chest shape (ages I months, 4'2 years and 2'g years)' one aged

4o.5yearshadabroadchest,2agedS.5and36.2Syearshadmild
pectuscarinatumand4hadamoderatedegreeofpectuscarinatum
(ages 4.7, L4, L6.2 and 20'75 years)' None had the severe chest

deformitY noted in tYPe IIIIIV OI'

spÍne: six patients had straight spines clinically' apart from

a mird lumbar rordosÍs in one (ages I months to 20'75 years'

median5years).Amildsco]-iosiswasnotedin2patientsaged

L4 and 23 years, and a moderate scoliosÍs was present in 2 women

ageds6.2sand4o.Syears.ThusSpinalcurvatureofsomedegree

tendedtodevelopwithagebutwasnotaSsevereaSinthetype

ÍII/ÍV group.
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Discussion

The abnormaLities of skull shape (which are discussed further ín

section 7.7) and of the facies as descrÍbed above are so

characteristic that 'victims tend to resemble each other

closely, even though they are quite unrelated' (McKusick, L972)'

This is more generally true in Severe than mfld OI' in which the

skulL may be normal in shape as noted herein and previously

(Smithetal.'1983),andthefacemayshowfeworno

abnormalities. The 'setti-ng-sun' appearance of the eyes may lead

the physícian to suspect hydrocephalus, but this had been

diagnosed in only one case (with type III/IV OI) in this serÍes,

and has been reported rarely by ottrer authors in both severe oI

(McKusick, Lg72) and in patients with milder bone disease (Pozo

et ô1., L984). Detayed clOsure Of the anterior fontanelle has

also been noted before and in Bronsonrs detailed description of

oI in :rgL7, the affected grandfather of a family with probable

type I OI had a 'soft spot as long as he lived"

Much has been wrÍtten on the skeletal deformities which

characterise oI (McKusick, Lg72; SmÍth et al. , 1983 ) '

DeformitÍes of ttre chest, spine and limbs occur ín aII types, but

are more common, show earlier onset and relentless prggression in

the severe (types III and II'I /ÍV) forms. Limb deformíties were

very common and were usually severe in types III and TIT/TV OI,

affecting the arms in over 91t of patients and the legs in 89t

overall, whereas 188 and 4Ot of patients with tlpe I OI had arm

and leg deformities respectively and these were míId' SÍ¡nilarly
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Beighton et aI. (L983) found IÍmb bowj-ng in gOt of 2I patients

with type III OI, whilst Sillence and his colleagues (L979b)

noted upper and lower limb deformities in 85.7t and 8L.0t of 2L

patients with type III OI and in only 1O-8t and 18.58 of those

wÍth type T-, respectively. Some patients ín the present series

had undergone orthopaedíc operations which in some cases included

insertion of an intramedullary rod or pÍn. In some patints these

had been removed subsequently; or in others the rod or pin $tas

stil1 present at the time of the assessment. The author had

intended to correlate deformíty with the presence or absence of

such treatment but found that her method of recording the

information did not aLlow such a comparíson. Thus, the presence

of limb deformity relates to the state of the limb at the time of

examination or on information from other sources, âs described at

the beginning of the section. Nevertheless, the auttror believes

that the data serve to indicate the general trends Ín limb

deformity.

The comnonest deformity of the chest in the present series was

pectus carinatum. Benson et al. (L978), on the other hand, found

that Ín an unselected series of L29 patients with OI, 27 had

pectus carinatum, 2L had pectus excavatum, 28 had an increased

anteroposteríor diameter of the chest, t had chest asfmmetry and

52 had no chest deformity. In the Present Series, pectus

carinatum rr¡as noticeable as early as 6 L/2 months in severe OI

(types III and T.TI/IV) but not until the fifth year Ín the type I

group
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Spina1 deformÍty was recognÍsable cJ-inically as early as 3 months

in the type III and ILI/TV groups and affected 89t and 68å of

them, respectÍve1y (7L* overall) (see also section 7.6.L). ThÍs

is slmilar to the fÍndings of Beighton et al. (1983) who noted

kyphoscoliosis in 62+ of 2L patients with type III OÍ, and j-n

Slllence et aI.'s (L979b) report, kyphosÍs and scoliosis occurred

in about 438 and 67* (respectively) of 2L patients with type III

OI. Spinal curvature affected fewer (4Ot) of patients with type

I OI in the present study; other authors report frequencÍes of 9E

of 79 cases (Beighton et âI., 1983) and 20* of 65 cases (Sillence

et al., 1979b).

It is interesting to consÍder the aetÍology of skeletal

deformities. Clearly, they are often the aftermath of fractures;

for patients with tlpe I OI, Ieg fractures predominated and the

Iegs were noted to be more likeJ-y to be deformed than the arms,

whilst in the severely affected groups, fractures and deformity

afflicted all ]-imbs. Many patients with severe dísease, however,

commented that limb deforrnity could develop wíthout apparent

fractures and this may be due not only to osteoporosis and

increased 'plastÍsticÍty' of bone (Smars, L96L) but also to

unrecognj-sed microtrabecular fractures (Smith et ê1., 1983). Ten

patients with type I1I/MI (cases 22, 25, 26, 37, 40, 56, 60,

62, 63, 73) I¡Iere noted to have arms of relatively normal length

and shape, compared to their short, dfsfigured legs. This did

not always correlate with the major site of fractures; only 4 of

them reported mainty leg fractures, 4 thought that the arms and

legs fractured equally often and in 2 the information was
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unavailabte. The author wondered whettrer 'the long armf

phenotype was a dj-stj-nct entÍty but concluded that this was

unlikely to be the case given the disparity between the sib paír

described above (cases LO2 and 103)-

Deformities of the chest and spine go together; scoliosis was

found in 52 of 72 of all patients (72.2*) with a thoracic

deformity in the present series. Smith et aI. (1983) quote a

simitar figure of 75t and note that chest deformÍty is inevitable

Ín cases with a scoliosÍs greater than 4o8. spinal deformity

also results from vertebral compression secondary to

osteoporosis, but immobility, hypotonJ-a and ligamentous laxity

undoubtedly play an aetiological role (Debre et ê1., 1951).

6.7.2.3 Height and head cÍrcumference

Results (tables 16.2L and 6.22)

For each patient whose height was known, the standard deviation

(SD) score (the number of SD below the mean) was calculated using

a computer programme developed by the Department of Growth and

Development, Instltute of Child Health' London. The programme

only calculates SD's for patÍents aged 2 to 18 years. All

patients under 2 years whose length was known feII below the 3rd

centile, except for one male (case 66) aged 7 months wÍth type

f.I1 /fV OI whose length !,ras between the 3rd and lOth centiles-

The SD for all patients over 18 years was calculated using the

269



î\)
--l
O

Table 6.21

HEIGHT OF PERINATAL SURVIVORS

Table 6.22

OCCIPITO-FRONTAL HEAD CIRCUMFERENCE OF PERINATAL SURVMRS (No. cases &))

Type of 0I

III/IV sporadic

III recessive

I new muLation

Mean ofl height S.D's I

-9.34!z.gZft=72)
-B.To i ¡.oe (n = 7¡

-4.06 I l.lB (n = 1o)

Range of S.Drs

-16.70 to -3.0

-13.11 bo -5.64

-6 .2 Lo -2.55

SD

Centiles <3rd Unknown TotaI3rd-<50th 50th >50fh-97rh >97th

Type of 0I

III/IV sporadic

III recessive

I new mutation

23 ß5.\%) 6 (9.2%)

3 (60%)

3 (33.3%) 1 (11.1%)

19 (zg.z%)

1 (2o%)

3 (33.3%)

1o ( 15.47")

10

8722

11

15

2 (zz.z%) z

7 (10.8%)

1 (20%)



mean for 18 year oIds. ÀII patients (except case 66) had heights

below the normal range, that iS, below -2 SD. The mean of the

height SD's was cal.cuJ.ated (table 6.2L) and was extremely low for

the types ILL/IV and III cases. In the type |LL/IV group' the

smallest SD stas found for a I9.7 year old female (case 3O)' who

was only 62 cm tall (-L6.7 SD). The largest SD was for a 10.5

year old male (case L7), who vras I2O cm tall (-3.0 SD). The

severe short stature of another indivÍdual ( case I ) can be

appreciated in figure 6.10e.

patients with type I OI were also abnormally short but to a much

lesser degree (figure 6.13). The smallest SD in this group v¡as

for a L6.2 year old female (case 118) who was L25 cm tall (-6.2

SD ) ; the greatest SD r¡ras for a L4 year old male ( case LLz) who

!,ras 139.5 cm taII (-2.55 SD). It must be emphasised that these

measurements are to some extent an estimate of the patientfs

height or length, due to difficultj-es encountered during

measuring because of deformitY.

The author personally measured 34 of the type ILL/IV cases, only

1 of the type III cases and 3 of the type I cases. The

information for the remaining cases vtas obtained from hospital

records, doctors or the family. DespÍte these limÍtations, the

author believes that the results give a reasonably reliable

indÍcation of the trends in height.

The occipitofrontal head circumference (OFC) was usually within

the normal range (3rd to g/tlrr centj-Ie), as shown in table 6.22.
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About 158 of type LT.L/ÍV patients and 22* of type I cases had

OFCrs over the 97th centile. A comparison between OFC and heíght

could be made in 60 type IIL/IV cases, 5 type III and 9 type I

cases, and even though some patients had an OFC below the 3rd

centile, all pati-ents had reJ.atively large head circumferences

compared to their height and in many the disproportion $tas very

marked.

Discussion

Short stature and macrocephaly (both relative and absolute) are

well known accompanj-ments of OI (Smith et a1., 1983). Beighton

et al. (1983) noted dwarfism in 76* of 2L patients with type III

OI, and in Sillence et al.'s (1-979þ) series, 20 of 2L patlents

(95.2+) were below the 3rd centile for height. In the same

report, about half of 65 patlents with type I OI lâIere' below the

3rd centile for height, but half were within the normal range.

The same authors noted very similar trends ín OFC measurements to

those found herein; most patíents had OFC's Ín the normal range,

14.3t of type III cases and 18.88 of type lrs had OFC's over the

98th centile, no patient wíth type I OI had an OFC below the 3rd

centile, whereas one with type III OI did. The authors commented

upon the striking disproportion between the head and body síze ín

both type III and type I OI, as found in the present series. One

may wonder whether the type I cases in the present study were

more severe than usual, in view of theÍr mode of ascertalnment

(fractures at birth, unaffected parents); by contrast, of the L27

type I cases in the Sillence (L979b) study, only 5 had fractures
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at birth, and of the 67 cases examined, 56 had a family hÍstory

of OI. Since the proportion of cases with very large OFCfs in

SÍIlencets and the present study are similar, it seems likely

that the cases in the present study \dere not more severe at least

in terms of macrocePhalY.

6.7 .3 HandÍca

Results (tab1e 6.23)

Handicap v¡as assessed according to abiJ-ity to sit unsupported and

to wa1k. For sitting, only cases over 1 year !{ere recorded and

for walkÍ.g, only cases over 5 years were recorded, ês arbitrary

cut-off points. (The age of 5 years was chosen rather than, SôY'

2 years because some patients had learned to walk after 2 years).

Table 6.23 shows that handj-cap !.¡as severe.

Type IIB OI

The girl (case L62) who died aged 26 months could not sit alone

and had no head control. The two babÍes who died at 4 and 6

weeks could not be assessed for disability-

Type TTI/MI

Fifty-six children over one year could sit alone, as could 1 of

the L4 who were aged less than 1 year, makfng a total of 57

(80.38) who could sít alone. Conversely, as many as L4 (L9.7*)

ü
.,tÌ

II

I

I
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Table 6.23

HAND]CAP IN PERINATAL SURVI RS (No. cases (%))

IIB (n = 3) 1

( 80 .3%) 14 (19 .7%)

2

III/IV sporadic 57*
(n = g7)

16

III recessive
(n = 15)

7 qo%) 3 (30%) 5

rrr & rrr/rv*rn 64 fig-OÐ 17 Q1-O%) 21

(n = 102)

I new mutation
(n = 11)

10 ( 100%) 1

Yes
(age >1 yr)

No
(age >1 yr)

Not applicable
(age < 1 yr)
or unknown

Type of 0I Ability to sit unsupported

3

5 n .g%) 7*n ( 11 .1%) 9 ( 14.3%) 42 (66 -7%) 24

1
(2.5%) 7 (87 -5%) 7

5 Q.OÐ 7 (10.0',/") 10 (14.1%) 49 (69.0Ð 31

9*t 90%) 1 ( 107") 1

Walks
unaided (age
>r5 Yr)

Walks
with aids
(age )5 yr)

Walked in
the past
(age Þ yr)

Never
walked
(aee)5 yn)

Not applic-
able
(age <5 yr)

Ability to walk

tu
-1

Numbers in brackels are percentages of applicable and known cases.

* One patient aged less than 1 year at examination could sit al-one (case 9).

** Tr¡o patientsaged less than 5 years at examination could walk with aids (case 26 - Lype III/IV & case

r(** III & III/Ms total of IfI recessive & III/IV sporadic.

109 - type I).



díd not have this abÍlity. Their ages ranged from 1.3 to 2L'5

years, median I years.

only 5 patients (7.9*) could walk unaided (cases 8,35, 37,73

and 76, see figure 6.Loe). Three of these (cases 8, 37 and 76)

walked well unaided, one woman (case 35) aged 20 years had begun

walking at 4 years, then stopped (after a leg-pinnJ-ng operatlon

at 4 years) until LB years when she again became able to vtalk

around the house. The other (case 73), a girl aged 8.3 years,

coul-d walk unaided only with difficulty. Seven patÍents (11'18)

could walk wj-th aids, such as calipers or a rollator (a metal

frame on wheels). NÍne patÍents (14.3&) had been able to walk at

some time previously but could not longer do so. Two of these

had used aids to walk, and one (case 62) had been able to walk

from the ages of 7 to L2 years and subsequently lost the ability

after a leg-Pinning oPeration!.)
ru
,¡t

I
4

Most patients who

years. only one

months of age.

could walk had first

first walked within

so between 2done

the

and 6

at 15

,¡
l:

normal time,

Type III OI

seven patients (7O*) over 1 year could sit unaided; 2 of these

were sibs who could first do so at 7 months of age. Three

patients over 1 year (aged 1.33, 1.83 and 8.5 years) could not

sit unsupported. No patient could walk unaíded and only one was

able to walk with aids but rarely does so. Comparing the type

I

r

275



III and type IT.T/ÍV cases for ability to sit unsupported or to

walk (unaided, with aids or previously), the numbers are not

statistically significantly different (p O.2 O.5 for both

sitting and walking).

Type I OI

AII patj-ents could sit alone and one aged I months could almost

do so. AII of 10 patients could walk; nine could walk norma1ly,

and one required walkíng sticks. FÍve had first walked after 18

months, ât 24 months (case 1L5), 27 months (case 1-09), 2.5 years

(case 118) and 3 years (cases 110 and 111) and 2 at the normal

time (15 monttrs, case LIA and 18 months, case LLz) and Ín 3 the

age at whj-ch walking first occurred was unknown-

Discussion

Although delay in achievement of motor milestones ís co¡nmon in

mild OI, in this series all patients with type I OI over 5 years

could walk. Similarly, SÍllence et al. (1979b) recorded

independent walking in 62 of 65 patients with type I OI and only

2 of 79 in Beighton et aI.'s (1983) series were chair-bound.

Profound motor handicap affected most type fff/IY and III

patients in the present study: about one-fifth of cases over 1

year could not sit unsupported and about two-thírds over 5 years

had never walked. It Ís extraordinary that patients as old as

2L.5 years could not sit unsupported. Siltence et aI. (L979b)

found that of L7 patÍents with type III OI over 2 years of ô9ê,

i

nl
11

I

I

I
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15 (888) had great difficulty walking and required eÍther a

wheel-chair (I2 cases) or a walkÍng-frame (3 cases). By

contrast, only 7 (33t) of Beighton et al. fs (1983) patients with

type III OI were chaÍr-bound.

Factors which are like1y to contribute to motor disabilÍtÍes

include muscular hypotonia, joint laxÍty, pain from fractures,

fear of fracturi.g, skeletal deformities and diffÍculty

supporting a relatively large head on a small body. Detailed

neurological examinations s¡ere not carried out Ín the present

study, so that it is not possi.ble to assess the contribution of

neurological deficíts to poor mobílity. !{hilst neurological

problems can occur (see section 6.7.L2) they are unco¡nmon and are

heralded by a deterioration of function. The fact that two

patients with severe OI lost the ability to walk after leg-

pinning operations needs to be born in mind when planning such

procedures.

6.7.4 The eye

6.7 .4.L Scleral colour (tables 6.24

Introduction

Tabte 6.24 shows the colour of sclerae reported by parents at

bÍrth. This was recorded as normal (whÍch includes white and

very pale blue), pale blue or deep blue. The number of cases

with deep blue sclerae at birth are divided according to whether
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or not scleral colour faded subsequently as judged by a

comparison of the colour reported at birth and that noted at the

time of the study (or at the patient's death) (tabte 6.25).

FinaIIy, the colour of sclerae at the time of the study (or at

death) is shown in table 6.26.

The author examíned 65 patÍents with type TLI/TV OI, 5 with type

III and 10 with type I OI. Sclerae vrere recorded as normal (that

ÍS, white or very pale blue), pale blue, moderate blue or deep

bIue. The famÍlies of another L2 patients with type TII/MI

replied by questionnaire and recorded the sclerae as white (3

cases), pale bl-ue (7 cases) or deep blue (2 cases). Another 10

patients with type LII/IV OI had died; parents of 4 of these were

able to definitely state scleral colour at the time of death

(namely, 2 pale btue and 2 deep blue). LikewÍse, the parents of

the 3 babj-es with type IIB OI stated that scleral colour was

normal (1 case) and deep blue (2 cases). Parents of 7 patients

with type III OI gave information about scleral colour (3 cases

had normal sclerae, 3 had pale bJ.ue and t had dark blue sclerae,

similar to the authorrs findings in examining 5 patients with

type III OI in which 2 cases had normal sclerae and 3 had pale

blue sclerae). FinaIIy, parents of one child with type I OI

replied by questionnaire and recorded pale blue sclerae.

Information from a]-]- of these sources is íncluded in table 6-26-

t{hílst recognísing that the accuracy ís reduced by including

cases not seen personally, the author noted good agreement

between the parents and her assessment of scleral colour durlng

the interviews. In addition, families of I patíents were sent a
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questionnaj-re prior to the interview; in 7 of these, parental

assessment of scleral colour r^tas the same as the author t s on

examination of the Patient.

Results

Sclera1 colour at birth table

Overall, about three-quarters of cases had deep blue sclerae at

bÍrth. RelatÍve1y fewer (54.5t) of the type III recessive cases

had deep blue sclerae at bÍrth compared to 81.88 of the type

T[.I/TV cases and 808 of the type I cases. In the group as a

who1e, there was no signficant sex difference in scleral colour

at birth ( p>0. 1; a 2 x 2 contingency '* test was used to

calculate all sex ratj-o comparÍsons ín this chapter; see appendix

6.2). In the type III group, the information for aII sib pairs

was incomplete, but none $¡ere known to be discordant and 4 pairs

$¡ere definitely concordant for scleral colour at birth.

Fading of sclerae after birth tab]-e

Marked fading of scJ-eral colour to pal.e btue or normal (white or

very pale blue) occurred in 24/60 (4Ot) of type r-T.r-/ÍV sporadÍc

cases born with deep blue sclerae; in the other 36, the sclerae

remained deep blue. Marked fadíng occurred ln 5/6 (83t) of type

III cases. The 6 with deep blue sclerae at birth comprísed 3 sib

pairs, one of whÍch was reportedly discordant for scleral colour

fading. They srere a girl (case 93) whose sclerae remained deep
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Table 6.24

SCLERAL COLOUR AT BIRTH TN PERINATAL SURVIVORS

% are for cases with known scleral coloun.

F=female,M=male
It III & III/Ms total of III recessive & III/IV sporadic.

rïB 1

( 1F)
2
(1n, 1M)

3
( 2F, 1M)

III/IV sporadic .2 (2.6%)
(2M)

12 (15.6%)
(5n,7M)

63 (81.8%)
(36n,27t4)

10
(gF, 1M)

87
(50r" 37M)

IfI necessive 5 (45.5%)
( 1F, 4M)

6 (54.5%)
(3F,3M)

4
(

15
( 6r" gM)2F, 2M)

rIT & III/il* 7 (8.0%)
( 1n, 6M)

12 u3.6%)
(5n, 7M)

6e ft8.4%)
(39r" 30M)

14
(ttF, 3M)

102
(56r,46M)

I new mutation 2 (20"h)
(2F )

I ( 80%)
(6r',2M)

'l 11
(8F,3M)(M)

TotaI B (7.91")
(2F, 6M)

14 (13.9%)
(7F, 7M)

79 nB.2%)
(46n,33M)

15
(ttr" 4t'4)

116
(66F, 5oM)

Type of 0I Nonmal PaIe blue Deep blue Unknown Total



Table 6.25

FADING OF SCLERAL COLOUR TO PALE BLUE OR LESS IN PERTNATAL

SURVTVORS WHO HAD DEEP BLUE SCLERAE AT BIRTH

Normal is white or very PaIe blue.

% are for known cases

F = female, M = male

x III & III/IV is tolal of III recessive & III/il sporadic.

Total

I new mutation

III & III/IV*

III recessive

2

(3F)
3

2

(:n
3

I]B

III/IV sporadic

30 (3e.5%)
(12î , 18M)

1 ( 1 2.5%)
(M)

29 (\3.9%)
(12F, 1 7M)

5 (83.3%)
(2F, 3M)

24 (40%)
( ton, 14M)

46 (60.5%)
(31F, 15M)

7 (87.5%)
(6r, 1M)

37 (56.1å)
(24F, 13M)

1 ( 16.7%)
(F)

36 (60%)
(23F, 13M)

79
(46F,33M)

69
(39n,30M)

63
(36F, 27M)

3
(3F)

I
(6r,2M)

6
(3F,3M)

lype of 0I Faded Not faded Unknown Total (see table
6.24)
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blue untÍI she died at 8.5 years whiJ.st her affected sister's

sclerae faded from deep blue at birth to pale blue by the time of

her death at L5 months (case 94). Neither chíId was seen by the

author but the parents had noted the scleral colour difference.

In the type I OI group, all of the I cases born with deep blue

sclerae continued to have signifÍcantly blue sclerae. Fj-ve of

these had deep blue sclerae at the time of the study and 3 had

moderately blue sclerae. Sígnificantly more males than females

overall showed scleral fading (pO.Ol O.O5).

Scleral colour at the time of the study or at death (tabIe 6-26)

At the time of the study or at death, about half (4O/8L) of

sporadic type TLI/IV cases had moderately or deep blue sclerae

and half (4L/8I) had normal or pale blue sclerae. By contrast,

IL/L2 of the patients with type III OI had normal or pale blue

sclerae, and only one reportedly had sclerae of a deep blue hue'

The difference between the two groups is significant (p 0.001

0.01, using a 2 x 2 contíngency :g2 test).

Two children with type I OI !,rere said to have pale blue sclerae

at birth. In one (case L19), who was not seen by the author, the

colour had remained the same and in the other (case 109) it had

become darker. In another boy with type I OI (case 116) whose

scleral colour was unknown at birth, sclerae at examj-nation

Iooked normal, but his parents noted that they often became deep

blue. The other 9 type I OI patients had moderately or dark blue

sclerae.
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Tab1e 6.26

SCLERAL COLOUR AT EXAMINATION OR DEATH IN PERINATAL SURVIVORS

* Normal is white or veny pale blue.

% are for known cases.

F = femalê, M = male.

III & fII/IV is total of III recessive & III/IV sporadic.

IIB 1 2
(1n, 1M)

3
(2F, 1M)(F)

III/IV sporadic 12 ( 14.8%)
(4n,8M)

2e (35.8%)
(15F, 14M)

15 (18.57")
(9r" 6M)

25 (30.9%)
(18F,7M)

6
(4r',2v)

87
(50n,37M)

III recessive 5 (41 .7%)
( 1F, 4M)

6 (50.0%)
(3F,3M)

1 (8.3%)
(F)

3
( 1F, 2M)

9
(5n,4M)

15
(6n, gM)

III & III/IV* 17 ( 18.3%)
(5F, 12M)

35 ß7.6%)
(18F, 17M)

15 j6.1%)
(gF,6M)

26 QB.o%)
( 1 9F, 7M)

102
(56n,46M)

I new mubation 1 (9.1%)
(M)

1 (9. 17")
( 1F)

4 (36.4%)
(3F, 1M)

5 G5.5%)
(4n, 1M)

11
( 8n, 3M)

Total 19 (17.8%)
(6F,13M)

36 ß3.6%)
( 19F, 17M)

19 (7 .8%)
(12F, 7M)

33 (30.8%)
(2\F, 9M)

9
(5n,4M)

116
(66n,50M)

Type of 0I NormaI * PaIe blue Moderate blue Deep blue Unknown Total



Of the 3 babÍes with type IIB OI, one had normal sclerae at birth

and two had deep blue sclerae which remained so until their

deaths at 26 months and 4 weeks.

Significantly more males than females had normal or pale blue

sclerae, aS opposed to moderately blue or deep blue sclerae (p

o.o1 - o.o5), at the time of the study or at death. Four of 5

sÍb paírs rârere concordant for scleral colour at the tj-me of the

study or at death. The discordant pair is described above'

Finally, patients and parents in aII groups commented on the day

to day varÍability of the affected person's scleral colour- Some

noted that the sclerae became more blue in the day or so prior to

fracturing.

Discussi-on

a) Does sclerat colour help predict the pattern of inheritance?

ScIeraI colour r^ras one manifestation which differed between the

frecessive' type III and the sporadic type LIT/TV groups'

Although a deep blue colour at birth was common, Subsequent

fading was more frequent in the type III çJroup, so that at the

time of the study or at death, normal or pale blue sclerae were

found in LL/L2 of type III cases, but relatively fewer (4L/8L,

50.68) of sporadic type fIf/ÍV cases.

Sillence et aI. (Lg/gb) orÍgínally noted that the majority of
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type I I I or MI cases had normal sclerae . I t could be argued

that the present sporadic type T.TI/IV OT group contaj-ns many type

I new mutatÍon cases with dark blue sclerae, but the severity of

their disease suggests that this is not so. Likewise, the

discrepancy between SÍJ-J.ence and his cotleagues' observations and

the present study might be explaÍned by the age of the cases' It

might be argued that the preponderance of young patients in this

study would mean that their sclerae had not yet had time to fade.

However, the ages of cases with the various scleral colours is

approximately simÍIar (table 6.27). These results suggest that

patÍents with severe deforming OI may indeed have deep blue or

normal sclerae.

It is tempting to suggest that the sporadic type f.TL/fV cases

with pale blue or normal sclerae have recessively determíned OI

but this would be unwise. Normal sclerae are found not only in

families wÍth recessive (type III) OI but also in others with

dominant (type Iv) oI (sillence et ô1., L979b). Scleral colour

does not always 'breed true,' in familfes. For example, the

parents of an affected sib pair (type III OI) 1n this study,

reported that one child had deep bJ-ue sclerae whereas the otherfs

were pale blue. Smars (1961) described a family (no. 97) Ln

which some affected individuals had blue sclerae and Ín others

the sclerae were normal. ConsÍderation of the severity of the

disease together with scleral colour does not necessarily predict

the genetic basis of the sporadic case; disease severity can vary

widely in f amilies with type MI; patíents with recessive ( type

III ) OI and normal sclerae occasíonatly have milder disease
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Tabre 6.27

SCLERAL COLOUR RELATED TO AGE AT EXAMINATION OR REPORTED COLOUR AT

DEATH, IN TypE IrI/MPORADIC CASES IdHO SUnVIVED PERINATALLY (N = 81)

NormaI

Pale blue

Moderate blue

Deep blue

13.03 ! I .zS

16.7 ! tz.tg

14.51 1 rO.ZO

10.37 1 rO.4e

Scleral colour Mean age (yr) 1 I so
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(Sillence et al., L986) and patients with severe disease may have

blue sclerae (this study). The exception to thÍs dilemma Ís that

a sporadic case with mild OI and blue sclerae probably represents

a ne$¡ dominant mutation for tYPe I

present study with mild bone disease

day he was examined but his parents had noted blueness

tÍmes. For this reason he was designated as 'type Ir OI'

or.
had

One PatÍent in the

normal sclerae on the

at other

The reason for the preponderance of males with scleral fading and

with pale blue or normal SCIerae is unknOWn. In summary, scleral

colour may be normal, pale blue or deep blue in severe

progressÍve OI, but within that group, it Ís probably not a

useful indicator of the underlying pattern of inherÍtance'

b) Àetioloqv of blue sclerae

Blueness of the Sclerae has been generally believed to result

from increased transrucency of the screra, ôlrowing the

underlying uveal pigment and blood to become clinically visible

(sillence et ê1., LgTgb; chan et a1., L982). More recently'

Lanting et aI. (1985) suggested that it is the íntensity of

backscattered light from the sclerae whích determines their

colour. Normally, alt wavelengths are equally backscattered,

resulting in whÍte sclerae. If backscattering ls reduced'

shorter wavelengths are affected less than longer ones, and the

sclerae wilI look blue. Both 'increased translucency' and

rdecreased backscatter' could result from unusually thin sclerae

or from an intrinsic abnormality of the fine structure of the
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sclerae. Thin sclerae have been demonstrated 1n perinatally

tethal cases (Fo]lis, Lg52; Haebara et ê1., L969; Blumcke et Ét1',

Ig72; Chan et êI., Lg82) and j-n non-Iethal congenital cases

(Buchanan, 1903; Casanovas, L934, both quoted in Smith et aI',

1gg3). An intrinsic abnormality of scleral fine structure vras

demonstrated ín 4 babies with perinatally lethal OI, by Chan et

al. (Lg82). Scleral collagen fÍbre thickness was reduced by more

than SOt, the normal varÍability in fibre diameter was decreased

and the collagen fibres were arranged ín a more uniform pattern

than {n the control sclerae. Àlthough the authors emphasised

that these abnormalíties could allow better transmission of light

through the sclera, Lanting et aI. (1985) argued that the same

abnormalities could reduce the backscatter. In their 2 patients

with type I OI and blue sclerae, the 'optÍcal scatterÍng

coeffÍcient' was markedly reduced and it ïras mildly reduced in a

type III OI patient with normal sclerae. The authors recognised

that their results still did not clearly defÍne whether the

sclerae were thin or intrinsÍcally abnormal'

Any theory which explains blueness of sclerae in oI also has to

account for the fact that sclerae can be of normal colour'

Francis et al. (Lg74) examined the structural potymeric collagen

from the skÍn of 19 patients wÍth OI. Collagen from patients

wÍth mild disease and blue sclerae vtas reduced in total amount

but showed normal stability, whereas collagen from patients with

severe dÍsease and whíte sclerae was less stable but the total

amount was normal. The authors hypothesised that the sclerae of

patÍents with mild disease might also contain less collagen and

allow greater transmission of light, resulting in blue sclerae;
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sclerae of patÍents û¡ith severe dísease might contaín a normal

amount of collagen and appear white'

In any event, scleral thinning, Íntrinsic scleral structural

defect due to abnormal collagen, or both, prObably cause the blue

sclerae by altering light transmission through or backscatter

from the sclerae. One further suggestÍon of an electron-dense

material between scleral lamellae which actually enhanced light

transmission through sclerae (EichhoLiuz, L97L; EichhoJ-tz and

Muller, Lg72) could not be confirmed by chan et aI. (L982) '

To some extent, the scleral hue also varies wÍth the íntensity of

the ambient light and the colour of the surroundings in which the

sclerae are examined. The day to day variatlon in scleral colour

and deepening of blueness prior to fracturing noted by the

patients in this study and previously (Smith et al', 1983) remain

unexplained.

6.7.4.2 Visual defects and strabismus

Results (tables 6.28 and 6.29)

patÍents or their parents were asked about the affected

Índividual's visual functÍon and table 6.28 shows that about one-

third of cases in most groups of OI had abnormal eyesight' The

maJority wtro reported a defect had short-sightedness (23* of

cases overall). Long-sightedness was present Ín 4 patients with

type T-f1/ 7.f. ( cases L , 10, 48 and 57 ) . Other defects íncluded

ambtyopla associated wíth strabismus (see below) ín 3 cases of

289



ru\o
o

Table 6.28

VISUAL FI.INCTION IN PERINATAL SURVÏVORS

% are for known cases

!' = female, M = male * see text

**III & III/IV is total of III recessive & III/IV sporadic.

TTB 1 2
( 1t.' 1M)

3
(F) (2F, 1M)

III/IV sporadic 3e (62.9%)
(22V , 17M)

13 Q1 .o%)
(8n,5M)

4 (6.5%)
( 1F, 3M)

6 (e.7%)
(4n,2M)

25
( t5n, 1oM)

87
(50n,37M)

III recessive 7 rc3.6%)
(2n, 5M)

4 (36.4%)
(zF, 2M)

4
(2F, 2M)

15
(6n, gM)

III & III/IV ** 46 (63.0%)
(24n,22M)

17 Q3.3%)
( 1on, 7M)

4 (5 .5%)
(1F,3M)

6 (8.2%)
(4n,2M)

29
( 17F, 12M)

102
( 56r', 46M)

I new mutation 5 rc2.5%)
(4n, 1M)

2 (25%)
(2F)

1 (12.5%)
(M)

3
(2F, 1M)

11
(BF,3M)

Total 52 (63.\%)
(e9n, 23M)

le Q3.2%)
(12F, 7M)

4 (4. e%)
(1F, 3M)

7 (8.5%)
(4n,3[4)

34
(20n, 14M)

116
(66n, 50M)

Type of OI NonmaI Short-sighted Long-sighted Other * Unknown Total



type III,/IV OI (cases L7, 2L and 4O), long-sightedness in one eye

and short-sightedness Ín the other Ín a case of type rIf/IV OI

(case 29) and unspecified reduced vision in 3 other cases (two

type IIIIIV (cases 15 and 29) and one type I case (case 11O)'

The sex ratlos in the groups with abnormal or normal visual

function did not differ signficantly from 5O8 (p O'9 O'95)'

The result given depended in most cases on the patientrs or

parent's report of objectfve assessments performed by opticians'

ophthalmologists, school doctors or health vísitors, and this was

true in aII cases rePorting abnormal vision. In the others, the

report was based on patient's or parent's subjective assessment

(see Appendix 6.1)-

Ten cases of type Í.ff/Ív oI were able to estimate the age of

onset of short-sightedness. This ranged from 2 to 36 years with a

mean of L4 years. one child (case 50) had been prescribed

spectacles at 2 years. one of the 4 long-síghted patients, a

male aged 3 years (case 1O), had severe hypermetropia and was

prescribed glasses at 18 months.

of the 5 sib paÍrs able to give a result, 2 were concordant for

normal vision, I was concordant for myopÍa and ín 2 sib paÍrs,

one member had normal vision and one had myopia'

Strabismus was present in about 138 of patients overall and in

each type of OI (excluding type IIB) (table 6'29)' Females and

males were equally affected (p O.9 O.95). Strabismus resulted

in amblyopla in 3 sporadic type fI.I/rV oI patíents, as noted
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Tab1e 6 -29

STRABISMUS IN PERINATAL SURVIVORS

% are for known cases

F = female, M = male

* III & III/IV is total of III recessive & III/IV sporadic.

Type ofl 0I Present Absent Unknown TotaI

III & III/TV

I new mut'ation

TofaI

TIB
(F)

3
(zF, 1M)

III necessiúe

III / TV

sporadlc

9 (2.9%)
(5r', 4M)

1 u2.5%)
(F)

I ( 13. 1%)
(4n, 4M)

1 ( 11 .1%)
(M)

7 (3.5%)
(4F,3M)

61 ß7.1%)
(35t',26M)

7 (87.5%)
(5r,2M)

53 (86.9%)
(29F, 24M)

B (88.9/")
(4n,4M)

45 (86.5%)
(25n, 2oM)

46
(26F, 2oM)

41
(23F, 1 BM)

35
(ztr" 14M)

116
(66n, 5oM)

11
(Bn, 3M)

102
(56n,46M)

15
(6n,9M)

87
(50n, 37M)

6
(2F, 4M)

2
( 1n, 1M)

3
(2v, 1M)



above, and r^ras assocíated with myopia in one type I case.

In addition to the anomalies just described'

year old female with type I OI (case IL7)

premature arcus senilis around both lrides'

one patient, a 36.25

$ras noted to have a

Discussion

Myopia appears to have been infrequently reported in oI (smith et

aI., r983); indeed' it receives no mention in McKusíck's

comprehensive (Lg72) review. The relatively high incidence noted

Ín both the milder type I and the severe types III and ILT/ÍV

cases in the present series is perhaps surprising. on the other

hand, trypermetropia appears to be 'significantly frequent'

(McKusick, Lg72), and in keepíng with this, 4 of 62 (6.5*) type

T.LI/IV cases reported this defect.

Although strabismus occurred ín about 138 of patients overall it

receÍves no mention in either of two extensíve reviews of OI

(McKusick, Lg72; Smith et âI., 1983). It 1s important to exclude

strabismus Ín the young patient in order to avoíd amblyopia'

The most commonly reported eye abnormality after blue sclerae in

OI is an embryotoxon or gerontoxon' found in some 1O-3Ot of cases

(Smith et a1., 1983). An embryotoxon is a congenital opacity in

the perÍphery of the cornea, present at birth and ís often called

arcus Juvenilis. It resembles the arcus senilis seen in elderly

índividuals and so may also be referred to as premature arcus
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senilis. OnIy one patient in the present study was noted to show

thís abnormality but this Ís undoubtedly an underestimation of

its incidence since the author v¡as not specifically looking for

Ít. Many patients with OI appeared to have prominent eyes but

thís Ís more likely to result from deformÍty of the orbits than

from an intrinslc ocular defect (Paterson, L974).

Many other ocular defects have been reported in OI, including

keratoconus or keratoglobus, megalocornea' exophthalmos' ectopi.a

lentis, cataract, cornea pIana, chorioretinÍtis, decreased

corneoscleral rigidity, malformations of the irido-corneal angle,

subluxed lenses, marked uveal pigmentation and bilateral corneal

rupture (Smith et aL., 1983; McKusick, L972). These !{ere not

specificatly sought in the present series and will not be

considered further.

6.7 .5 The joints

6.7 .5.L Jo int hvoerextensibilitY

The number of cases wÍth joint hyperextensibility is shown in

table 6.30. AII cases scored for this manifestation were seen by

the author except for one with type Í.ff./f$ OI (case 7) and 6 with

type III OI who had died but their parents gave a clear history'

Results (tables 6.30 and 6.31)

Joint laxÍty of the small joints of the hands and feet hlas
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TabIe 6.30

JOINT HYPEREXTENSIBILITY IN PERINATAL SURVIVORS (No. cases (%))

* 12 cases who replied by questionnaire not included; of these, 9 reported joint laxity, 1 reported no laxity
and 2 were unsure.

** 2 casesr ' **n 4 cases A @l case not examined; inlormation obtained from parents.

**** III & III/Mg,totaL of III necessive & III/IV sporadic

F = female, M = male

IIB

III/IV sporadic

3 3

16 Q5%)
(B F, 3M)

38 (5e.4%p
(24 F, 14 M)

3 (4.7%)
(3F)

7 ( 10.9%)
(4n,3M)

11
(6n, 5M)

75x
(45r',30M)

III recessive 5 (45.5%)*x
(2t, 3M)

1 (9.0%)
(1F)

5 (45.5%)iÉ*rÉ
(2F,3M)

4 15
( 6n, 9M)(1F,3M)

rrr & rrr/rvrÊ*** 16 Q|.3%)
(8F,8M)

43 (57.3%)
(26F , 1TM)

4 (5.3%)
(4F)

12 (16.0%)
( 6n, 6M)

15
(7F,8M)

90
(5tn,39M)

I new mutation 1 ( 1 1 .1't")
(F)

5 (55.6%)
(4r', 1M)

1 ( 11 .1%)
(F)

2 (22.2%)
( 1F, 1M)

2
('lF, 1M)

11
(8n,3M)

Type of 0I Laxity of small
joints of hands
and feet only

Laxity of small
and large joints

Laxity of large
joints only

No joint laxity Unknown TotaI



recorded separately from laxity of the large joints (wrÍsts,

elbows, hips, knees and ankles). Reference to appendíx 6.L shows

that recording of the data $tas incomplete. If, for example, a

patient had lax small joints but the result for the large joints

sras unknown, this lvas scored in table 6.30 as 'Iax small Joints

only'. Laxity of any joints was present in 89.1t of type III/IV

cases and 77.8t of type I cases (table 6.30); the difference is

not significant (p o.2 0.5). In the type III group, 54-58

overall reported joint laxity but fn the 5 patients wtrom the

author examined,4 in fact had lax joints (see appendíx 6'1)'

The true incj-dence in this group must lie between 55 and 9Ot but

obviously cannot be judged more accurately. In the type f'If/IV

group, joint laxity affected only the small joints of the hands

and feet in one quarter of cases and was often a strikfng

feature. In all types of OI (except IIB), about one half of the

cases had laxity of the small and large joints. In general, it

was unco¡nmon for large joints to be affected and not the hand

joints.

In the one famíly where it was possible for the author to examine

both affected síbs (cases LOz and 1O3), both had laxíty of both

the small and large joints. In one other family the parents

reported that one of their deceased affected chÍIdren had joínt

laxity (case 93) whereas the other (case 94, also deceased) did

not.

Table 6.31 shows the numbers of pafrs of large joints affected;

27 .3* of patients with type IIIIMI had 4 or more pairs of lax
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Tab1e 6.31

NUMBER OF PAIRS OF HYPEREXTENSIBLE LARGE JOINTS (No. cases (%))

f\)\o
-l

Pairs of lax
Iarge joinbs

1 2 3 4 5 Unknown

Type of 0f

ITI/il
sponadic 1¡1 = 41)

8 Q4.2!,) 13 (39.4%) 3 (9.1"/") 3 (9.1%) 6 (18.2%) I

III recessive
1¡=6)

3 1 2

I(n=6) 1, 1 1 3



large joÍnts. The true numbers of large joints affected was

underestimated (see appendix 6.1) often because assessment lras

limited by deformity and stiffness which followed fractures in

about 18 patíents (16 with type TI[./IV and 1 each with types III

and I OI); the elbow and knee were most often thus affected.

Females and males t{ere affected proportionately wÍth some form of

joint laxity (p O.2 - O.5). Patients with Joint laxity were

represented fn all age groups, but many commented that their

joint trypermobility had been greater in chÍIdhood and had

decreased with age. Four patients (cases 2, 40, 52 and 63) had

no laxity of large joints but had noted lax joints in childhood.

Some patients demonstrated their ability to assume bÍzarre

postures, for examPlê, by placÍng their feet behind their ears.

Only 2 parents, both fathers, had significant joint laxity and

the affected child (case 26) of one of these had marked joint

laxity documented by the author, as descrj.bed in sectÍon 5.2.7,

under 'Joint laxitY'.

Two sporadic type T.TL/TV cases stood out

having very marked joint hypermobility and a

They are described as follows:-

from the rest as

similar phenotyPe.

One patient (case 47), a male aged L4.3 years' had extremely lax

joints and soft, stretchy skin. HÍs sclerae had faded from deep

blue at birth to very pale blue, he estimated having had 193

fractures and his short stature and skeletal deformity were
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severe. Figure 6.L4 strows his JoÍnt laxfty. The patient's mother

had mildly hyperextensible skin but no joint laxity, and the

father had normal skin and Joints, ês described in section 5.2.7.

Another similar pattent (case 45), a female aged 2L.5 years' also

had marked joint laxity and soft, velvety, loose, stretchy skin.

Her sclerae had remained deep blue in colour from birth, she had

had about 2OO fractures, she was only 75 cm tall and had marked

skeletal deformÍties. Her father had a mild degree of skin

stretchÍness but no joint laxity and the mother had mild joint

Iaxity and normal skin, as descrlbed in section 5.2.7. Both of

these patients had a rather long face, different from the usual

'OI facies'. In both cases 45 and 47, the dj.agnosis of OI was

not in doubt, but the clinical phenotype overlapped with the

Ehlers-Danlos syndrome, although the skin stretchiness was not as

marked as in the latter.

Discussion

Excessive joint mobility is a weII described accompaniment of OI

and results largely from laxity of the ligaments, tendons and

capsules which normally support the joints (SmÍth et aI.' 1983).

Deformity and maladaption of the bony surfaces of the joints may

also play a role (McKusick, L972). Joint laxity allows some

patients to assume bízarre postures; bony deformity and

pseudoarthroses may contribute to this abilíty.
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Figure 6.L4

Case 47 (type III/ÍV OI),

Note marked joint laxity.

aged L4.3 years.

(The patíent is lying on his abdomen).

!
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Some authors have suggested that joint laxity only occurs in the

presence of blue sclerae (Smith et aI., 1983) but as in the

present series, Sillence et aI. (L979b) found that a significant

number of patients ( 5Ot of 2L) with severe progressívely

deforming OI had marked ligamentous J-axity. They also noted that

joint laxÍty ís more pronounced in the young and that the small

joints of the hands were particularly affected, ês lâtas the case

here. Langness and Behnke (L97O) found that 57 of 80 patÍents

(7L+) with 'OI tarda' had some degree of Joint laxity which is

comparable to the result for the patients with type I OI in thÍs

study. It is often difficult to compare results from different

studies, owing to the difficulty in classifyÍng joint laxity.

Carter and htilkÍnson (L964) examined 285 English schoolchildren

and found that 7t had excessÍve joint motion in more than 3 paj-rs

of Joints. Sutro (L947 ) examined 235 males aged 18-35 years who

were patients in orthopaedic wards and found ttrat 4+ had

hypermobility of 3 or more joint pairs. In the present series,

36.48 and 27.9* of patients with type TrI/rV OI had laxity of

more than 3 or more than 4 large joints, respectively, whÍch is

clearly in excess of normal.

The overlap with Ehlers-Danlos syndrome (EDS) in 2 patients with

severe type ILI/IV OI is unusual. Sippola and Prockop (L983)

studÍed a patient with blue sclerae, bilateral dislocations of

the hips, Joint taxity and ülormian bones, who had a deletion of

about 30 amino acids near the N-terminal end of one pro d"2(f)

collagen chain. The patient had not had fractures but had a

family history of blue sclerae, joínt dislocations and fractures.

rd
t\tj

'';

t
I

;

t
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Thus the patient combined features of ¡nild OI and EDS (Prockop

and Kivirikko, 1984). Byers and Bonadio (1985) also quote the

unpublished observations of HalI and Byers who have seen patlents

with features of the two dÍsorders. A boy described by Biering

and lversen (1955) as showlng evidence of OI and EDS may well

have had cutis laxa, irl view of the markedly loose' wrinkled

skin. The description in the present study of two individuals

with severe deforming oI and marked JoÍnt laxity has not been

emphasised prevíouslY.

6.7 .5.2 Joint dislocations

Results (table 6.32)

overall, one quarter of cases gave a history of joint

dÍslocations, comprisÍng about half the type I cases, a quarter

of type lIL/fV sporadic cases and one (lot) of the type III

cases. The differences in numbers between those wÍth type fT.I/fV

and III OI or type If-L/fV and I were not statÍstically

significant (p 0.2 - 0.5, and p o.1 o.2), respectively)- JoÍnt

disfocatíons were recurrent in 13 of the L7 type LIT-/ÍV patÍents

and in all of the types III and I cases (appendix 6.3). Females

and males !{ere affected in simÍIar ratios, overal-I (p O'7 O'9)'

The shoulder was by far the most commonly involved joint with 3

type I cases and 10 type Í.IJ./|V sporadic cases reporting síngIe

or multiple dÍslocations of the shoulder. These occasionally

required reductíon under a general anaesthetic (cases 31 and 35).

Other joints involved included the fingers, knees, elbows andI

Ì
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Table 6.32

JOINÎ DISLOCATIONS IN PERINATAL SURVIVORS (NO. CASCS (%))

% are for known cases.

F=femal€rM=ma1e.

* III & III/IV are total of III recessive & IIVIV sporadic

Type of 0f TotaIUnknownHistory of joint
dislocations

No history of joint
dislocations

III/IV sporadic

I new mutation

III recessive

III & TTI/IV*

7

5
(

3
( 1M)

IIB

TotaI

2F(M)
1

2F, 3M)
1 ( 10%)
(M)

23 Q5%',)
(13F, 10M)

1B (22.0%)
( ron, 9M)

5 $5.61")
(3F, 2M)

6e (J5%)
(4tn,28M)

4 ( 44 .4%)
(4F)

64 QA.O"¡"¡
(37F, 2714)

e eo%)
(4r, 5M)

55 Q6.4"/")
(33F,22t4)

15
(7F,8M)

24
(12F, 12M)

20
(9F, 11M)

116
(66r,50M)

11
(Bn,3M)

102
(56F,46M)

15
(6n, gM)

87
(50F,37M)

2
(2F)

2
( 1F, 1M)

1T'Q3
(10F,

6%)
M)



hips. In the type lIl/TV sporadlc group are included 4 patients

wtro had biLateral congenital dislocatÍon of the hips; one of

these went on to have other Joint dislocations subsequently'

Discussion

DÍslocations of joints have often been reported in patients wÍth

OI (BeIl , Lg28; McKusick, 1972). They can be recurrent and in

some cases can be as painful and troublesome as fractures

(Bronson, L7LT; Smars, Lg61). Presumably joint dislocations

reflect underlying joint laxity, although, surprisingly, one

patient with type I OI, a 23 year o1d male, had no obvÍous joint

laxity but reported recurrent shoulder dislocations. Bantz

( 1941) also reported a patient with OI rtarda' r.ttto suf f ered

recurrent shoulder dislocations. The joint most often dislocated

in the present serÍes was the shoulder. This probably reflects

the fact that thj-s joint is the one most prone to dislocation in

the general population.

Congenital dislocations of the hips (CDH) which occurred 1n 4

patients with type ILL/MI was also recorded in 2 brothers with

OI (du Toit and l{eiss, 1969). Great caution should be exercised,

however, in clÍnical testing for CDH in babies wlth OI so as not

to cause iatrogenic fractures. If OI ís suspected at birth, the

diagnosis of cDH is probably best made radíologically.
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6.7 .6 The skin

6.7 .6.L Skin hvperextensibilitY

Results (table 6.33)

In table 6.33 it can be seen that 33 out of 63 sporadÍc type

IT.l/fV cases examined by the author had mild skin

hyperextensibÍl1ty which refers to a loose, stretchy feel to the

skin on the palm of the hand, where the skin is normally tight'

Four out of the 5 cases of type III OI examined by the author had

this feature including the only sib pair which the author v¡as

able to examine. (The proportÍon of cases of type III/IV and III

OI wj-th skin laxity v¡as not signiflcantly dif ferent' p O'2

O.S). One case of type IIB !{as reported by her paedÍatrician to

have had 'loose skin'. Mildly stretchy skin vlas found in 2 of 7

patients with type I OI (but this is not statistfcally different

from the type Lfr/Tv group, p o.2 o.5). Given the

preponderance of females wÍth a known result, relatively more

males than expected showed the trait, but not at a signlficant

Ievel ( p 0.1 O.2). The skin of these individuals !.tas also

rather thick, soft and velvety with deep palmar creases.

AII but 2 sporadic type fft./fY cases with skÍn hyperextenslbill-ty

also had joint laxity which was generalísed in 23 and confíned to

the hands in 8. One patient dÍd not have joint taxity (case 49)

and the state of the joínts vtas unknown Ín the other (case 2O)'

Of the 4 type III patients with sktn hyperextensibilÍty' one
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Table 6.33

SKIN HYPfREXTENSTBILITY IN PERINATAL SURVIVORS

% are for known cases

F=fme1aerM=ma1e

IIB 1 2
(1F, 1M)

3
(F) (2F, 1M)

III/IV sporadic 33 (52.4%)
(t8n,15M)

30 (47.6%)
(eon, 1oM)

24
(12F, 12M)

87
(50n,37M)

III necessive 4 ( 80%)
(tF, 3M)

1 (20%)
(F)

10
(4n, 6M)

15
( 6r" gM)

III & III/IV* 37 (54.4%)
(19F,18M)

31 (45.6å)
(21F , 1oM)

34
(16F,18M)

102
(56n,46M)

I new mutation 2 e8.6%)
(1F, 1M)

5 (71 .4%)
(4n, 1M)

4
(3F, 1M)

11
(8n,3M)

TotaI 40 (52.6%)
(21r , 1gM)

36 (47.4%)
(25t, 11M)

40
(20F, 2oM)

116
(66F,50M)

Type of OI Yes No Unknown TotaI

* III & III/il is total of III recessive & III/IV sporadic.



(case 99) did not have joÍnt laxity. He was a male aged 33.25

years. The 2 type I new mutation cases with skin stretcttiness

al.so had lax joints.

Discussion

The skin may be affected in rnfld and severe forms of OI (Francis

et êI., L974). Ear1y authors described the skín as soft, smooth

and dellcate (Hess, L9I7i Gj-bson, L923)¡ a velvety texture \ilas

noted in this study, particularly in patlents with severe bone

disease. The mild skin hyperextensibÍlity noted especi-ally in

patients with severe dÍsease does not appear to have been

emphasised previously. It should be stressed that thls was

generally much milder than the skin stretchiness seen in Ehlers-

Danlos syndrome (EDS), with the possible exception of cases 45

and 47 described in sectíon 6.7.5.1.

HistologÍca1 changes which occur in the skin Ín OI l^tere descrÍbed

by Fol1is (1953). These are confined to the dermis which fs

thinner than normal. Stadil (1961), in a study of a family with

probable type I OI, confirmed the thinning of the corium and

noted hyperelastosÍs and the appearances of collagen-fibre

degeneration. Occasionally, no skin abnormalities have been

found histologically in patíents with OI (Smith et ô1., 1983).

Decreased total dermal colJ-agen has been recorded Ín patÍents

wÍth mild OI by Stevenson et aI. (L97O) and Francis et al.

(L974). The latter authors noted that Ín patients with severe

bone dÍsease, the total amount of pol1'meríc skín collagen could
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be normal, but it was less stable. Relative reduction of type I

compared to type III collagen in skin of patients with mild and

severe OI has been reported (Sykes et ê1., L977; Francis et êI',

1981 ) .

Other abnormalitÍes of the skln reported 1n patlents with OI

include irregular pigmentation, prominent scars and keloid

formation, elastosis perforans serpiginosa, and congenital

poikÍloderma of Thompson (quoted in Smith et ô1., 1983) but none

of these were noted in this studY.

6.7 .6.2 BruÍsing tendency and epistaxes

Results (tables 6.34 an4 6.35)

À tendency to form bruises readily vtas reported for 15 (20'58)

type III/ÍV sporadic cases and 6 (66.7*) of type I cases, ôs

sholvn in table 6.34. Three of these patfents with type Í'II/IV

noted this feature in chíldhood mainly (case 2L) or only (cases

25 and 39). No recessive type III or IIB cases had the tendency.

The dffference in numbers of patfents with a bruÍsing tendency

between the type III,/IV and III group is not signiffcant (p O.2

0.5) whereas it is significant between the type fLf-/ÍV and type I

group (p <O.OO1). Overall, females and males were affected in

the same ratlos (p O.9 0.95). Despite ttrese reports, bruises

\,¡ere onty actually observed fn 1 of 57 tlpe ffl/fV sporadic cases

examined by the author and 2 of I of the type I patíents.
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Tab1e 6.34

BRUTSING TENDENCY ÏN PERINATAL SURVIVORS

% are for known cases

F=femalerM=male

rÉ III & III/IV is total of III recessive & III/IV sporadic.

IIB 3
(2n, 1M)

58 Q9.5%)
(36F, zzt4)

3
(2F, 1M)

87
( 50r'' 37M)

III / IV
sporadic

15 (2o.5%)
(8n,7M)

14
( 6n, BM)

III necessive 9 ( 100%)
(5n,4M)

6 15
(6n,9M)( 1F, 5M)

III & III/IVI( 15 ( 18.3%)
(Bn,7M)

67 (81.7%)
(4rn,26M)

20
(7F, 13M)

102
(56F,46M)

I new mutation 6 (66.7%)
(5n, 1M)

3 ( 33. 3%)
(2F, 1M)

2
( 1F, 1M)

11
(8n,3M)

Total 21 Q2.3%)
(13F, BM)

73 Q7.7%)
(45F, 28M)

22
(Bn, 14M)

116
(66n,5oM)

Type of 0I Yes No Unknown TotaI



A total of l-5 patients (around 168) had suffered unusually

frequent epistaxes (table 6.35). They occurred up to several

times a month and Ín one case tended to be heawy and lasted up to

3 or 4 hours. As can be seen from the comments under table 6-35,

frequent epistaxes had occurred in childhood only, with only 2

cases having the problem over L4 years of age. One of these

(case 41) had undergone successfuJ- unilateral nasal cautery at 20

years. The sexes were affected Ín símIlar ratios (p O.2 O.5).

The dÍfferences in those reporting epistaxes between the type

T.LL/IV and III group, and the type IIT/ÍV and I group are not

statistically sÍgníficant (p 0.5 o.7 and p o.2 0.5,

respectively).

DÍscussion

In reviewing blood clotting abnormalitÍes in OI, Smith et aI'

(1983) note that patients with OI may bleed easily and develop

bruises, possÍbly as a result of capillary fragility. Blood

clotting may also be abnormal; Langness and Behnke (L97O) state

that some LOE of patients suffer from a bleeding diathesis-

Abnormal platelet function has al.so been described (Smith et aI.,

1983). The bruÍsing tendency noted in this study was more of a

curiosity than a problem but a minority had suffered from

troublesome epistaxes, albeit mainly fn childhood. OnIy 3 type

LIf /T.V patients reported both easy bruising and epistaxes,

whereas 3 of the 6 patients with type I OI reporting easy

bruising had also suffered epistaxes-
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Table 6.35

FREQUENT EPISODES OF EPISTAXIS TN PERINATAL SURVIVORS

% are for those known

F=female,M=¡¡¿fg

* 6 were under '15 years, 3 had the problem only in childhood^, 1 aged 27.08 had no further problems
aften unilateral nasal cautery aL 2O years, 1 was aged 23 years.

¡t* In childhood only. lt*lt 2 reported increased episodes of epistaxis in childhood only, the other vJas a male aged

rr*** III & III/iV 'is 'total of III recessive & IrI/IV sporadic.

IIB 3
(2F, 1M)

3
(2F, 1M)

III/IV sporadic 11 (15.1%)*
(5n,6M)

62 ( 84 .9%)
(39n,23M)

14
(6n,8M)

87
(50n, 37M)

III recessive

III & III/IV****

1 ( 1o$)*x
(M)

12 ( 14 .5y")
(5r, 7M)

9
(

ßo%
4F,5M

)
)

5
(2F,3M)
19
(8n, 11M)

15
(6R,9M)
102
(56F,46M)

71 (85.5%)
(43n, 28M)

I new mutation 3 ( 33 . 3%) rß**

(2t, 1M)

6 (66.7%)
(5n, 1M)

2
( 1F, 1M)

11
(8n, 3M)

TotaI 15 (5.8%)
(7F, BM)

80 (B\.2%)
( 5Or.' 3oM)

21
(gF, 12M)

116
(66F, 50M)

Type of 0ï Present Absent Unknown TofaI

14 yeans.



ÀIthough the possibitity of haemostatic problems during tooth

extractions or skeletal operations needs to be born in mind, in

practice such problems are uncommon (smith et aI., 1983).

6.7.6.3 Excessive sweating

Results (table 6.36)

In table 6.36 ft can be seen that the majority of patients Ín all

types of OI had experienced excessive sweatfng. No sex

difference was apparent (p 0.5 O.7). Both members of 4 sib

pairs reported the tendency and none were clearly discordant-

E1even of the 63 type ILI/IV sporadic cases, 1 of the type III

cases and 2 of the 11 type I cases reporting excessive sweating

had noted a marked decrease Ín the tendency with advancíng ê9ê,

whereas only 2 cases (cases 2L and 4L, type III/IV OI) commented

that it had fncreased wj-th age. Individuals complaining of

excessive sweating vrere often noticed to be scantily clad despÍte

cold weather.

Discussion

Segawa (LgL4-1915 ) was probably the first author to describe

attacks of profuse sweating, especially on the head and fac,e,

whích began ín the second week of life Ín a chlld wÍth severe OI.

There are now numerous reports of excesslve sweatÍng Ín patients

with both mÍld and severe forms of OI (Humbert et dL., L97L;

Cropp and Myers, Lg72; Solomans and Millar, L973; Dlstiller et

aL., Lg75; Ríctrard and Courpron, 1980; Brown, 1981; Smith et aI.,
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Table 6.36

EXCESSIVE SWEATING IN PERINATAL SURVIVORS (No. cases (7'))

F=femâlerM=male

% are of known cases

* III & III/IV is total of III recessive & III/IV sporadic.

IIB 3
(2F, 1M)

3
(2F, 1M)

III/IV sponadic 63 (88.7%)
(37F, 26M)

B (11.3%)
(5n,3M)

16
(8n, BM)

B7
(50n,37M)

fII recessive 9 ( 90/")
(4n, 5M)

1 ( 10%)
(F)

5 15
(6n, gM),(1F, 4M)

III & III/IV* 72 (88.9%)
(4tn,31M)

9 (11-1%)
(6r',3M)

21
( 9n, 12M)

102
(56F,46M)

I new mutation 7 Qo%)
(5n,2M)

3 ( 30%)
(2F, 1M)

11
(Bn, 3M)(F)

Total 82 (87.2%)
(48n,34M)

12 (2.8%)
(Bn,4M)

22
(10n,12M)

116
(66n, 5oM)

Type of 0I Present Absent Unknown Total



1983). Episodes of high temperature have also been noted (Smith

et a1., 1983). EvÍdence of increased leucocyte respiratÍon in

patients with oI was reported by Humbert et aI. (L97L) but Brown

et aI. (Ig72) could not confirm the findings. In a study of 30

prepubertal patients with mild to severe OI, Cropp and Myers

(tgj2) found physÍologícal evidence of a hypermetabolic state;

metabolic rates normalised after puberty and coincíded with the

arrest of the clinical proçJression of the disease. At least half

of these patients had raised serum thyroxine levels. Cropp

(Lg73) also reported raised serum leve]s of both free

triiodothyronine and thyroxine. DistÍIter et al. (1975) noted

raised serum thyroxine in 6 children with OI, but this resulted

from a raised serum gtobulin component; serum free thyroxine was

normal and the authors concluded that the patients had normal

thyroid function.

Brown (1981) suggested that the apparent hypermetabolic state ls

'due to failure to retain heat because of the very significant

thfnning of the skin, owing to the markedly lowered collagen

contentr. If this were the explanation, hourever, shivering

rather than sweating might be expected. Many patíents fn the

present study claímed 'not to feel the cold' and vtere lightly

dressed in cold weather which again would be unusual if primary

heat loss were occurring. At the present time, the reason for

excessive sweatÍng in OI is unknown-
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6.7 .7 . The ear - hearing loss

Results (tables 6.37 6.39

As can be seen from table 6.37, L7 (16.3t) of all cases reported

hearing loss. Relatively more patients with types III and I OI

reported hearing loss than those with type IIT-/ÍV Ol-, , but this

sras not statísticaIly sÍgnificant (p O.2 0.5 and p 0.1 O.2,

respectively). Although overall more males (n=10) than females

(n=7) reported hearing loss, this was not signifj-cant (p o.1

o.2) .

Table 6.38 shows the numbers of cases who $rere able to quote a

result of an objective hearing test (performed by a health

visitor or doctor, of the result of an audiological test at

school) compared with those giving a subjective report. Almost

equal numbers in each group gave subjective reports as gave

objective reports, So that the numbers with hearing loss may be

underestirnated, since mild degrees of hearíng loss mfght be

unrecognised by the Patient.

In table 6.39, Ít can be seen that patíents reporting hearÍng

Ioss lllere older than those with normal hearing. Since the

maJority of patients were in their first two decades, the paucity

of cases wÍth hearing loss may reflect the fact that the age of

onset of hearing loss occurs after that time. In the sporadíc

type ]'II/ÍV group, hearing loss was first noted between the ages

of L4 and 44 years; in the type III group Ít lvas first noted
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Table 6.37

CLINICAL HEARING LOSS REPORTED FOR PERINATAL SURVIVORS (No. cases (%))

% are for known cases

F=femalerM=¡¡¿]s

* III & III/Ms total of III necessive & III/IV sporadic.

IIB 1 2
( 1n, 1M)

3
(2F, 1M)(F)

III / IV
sporadic

71 (86.6%)
(43F,2BM)

2 (2.4%)
(2M)

5 (6.1%)
(FM)

4 (4.e%)
(4F )

1 1 ( 13.4%)
(4n,7M)

5
(3F, 2M)

87
(50n,37M)

ITI
recessive

8 Q2.7%)
(4n, 4M)

1 (9.1%)
(M)

1 9.1%) 1 G.1%)
(F)

3 Q7 .3%)
(1F, 2M)

4
(tF, 3M)

15
(6n, 9M)( M

III & III/
IV*

T9 (85.0%)
(47r',32M)

3 ß.2%)
( 3M)

6 (6.5%)
(6M)

5 (5.4%)
(5F)

14 (15 .1%)
(5n,9M)

9
(4n,5M)

1

(M)

102
(56P,46M)

I new
mutation

7 fij"/")
( 6n, 1M)

1 ( 10%)
(M)

1 (o%)
(F)

1 ( 10%)
(F)

3 ßo%)
(2î, 1M)

11
(BF,3M)

Total 87 (83.7%)
(54F,33M)

4 ( 3.8%)
(4M)

7 (6.7%)
(1F, 6M)

6 (5.8%)
(6F)

1it (6.3%)
(7F, 1oM)

12
(5F,7M)

116
(66n,50M)

Type of 0I Normal Decreased
unilaterally

Decreased
bilatenally

Decreased
unspeciflied

Total
decreased

Unknown Tot,al



Table 6 - 38

HEARTNG LOSS: PATIENTIS REPORT OF OBJECTTVE TEST* OR SUBJECTIVE REPORT

Objective
test

Subjective
report

0bjective
test

Subjective
report

4

'l

7

¿

3B 33

1 4 4

1 2 5 2

10 7 \7 40

rrB

lff/TV sporadi-c

fII necessive

I new mutation

TotaI

Hearing loss Normal hearingType of 0I

i Objective tests incl-ude assessments by a doctor or health visitor 
'

on results ofl an audiogram penformed at school.

Tabþ 6.39

HEARING LOSS: MEAN AGE OF CASES (YEARS) 1 I SD

rIB

IfI/fV sporadic

III recessive

ï new mutalion

30.9 1 1z-z
L

15.3 - 5. B

26 -7 ! B.\

2.2 (n = 1)

10.7 1 8.0

10.9 1 13.0

12.8 ! 13.2

Type of 0I Hearing loss Normal hearing
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between g.2 years (detected by audiological testíng) and 20'7

years, and in the type I group, the loss $tas first apparent in

the latter part of the first decade to the end of the second

decade.

Whether the hearing loss $tas conductive, sensorineural

Ís unknown. In one type rll/fv sporadic case (case

cause of hearing loss was a ruptured tympanic membrane.

or mixed

52), the

Of 5 sib pairs, hearing was concordant (normal) in both members

of 2 sib pairs, and discordant in 3 sib paÍrs; interestingly, the

síb with hearing loss was the younger in 2 sib pairs.

Discussion

The first descrÍption of deafness in oI was gÍven by Dent (L897 '
quoted in Bell, Lg28) ín a 29 year oLd male with severe OI' The

deafness v¡as noted since 26 yearsi scteral colour was not

mentj-oned. Subsequently, AdaÍr-Dighton (L9L2), in a report of an

extensive pedigree with blue sclerae and brittle bones, described

the onset of hearing loss in a 23 year otd female three months

post-partum. It was Van der Hoeve and de Kleyn (1918)' however,

who emphasised the tríad of brittle bones, blue sclerae and

deafness ín a paper whích was fj-rst presented at a clinical

meeting in 1916 in Utrecht; OI is therefore often known as the

Van der Hoeve-de K1eyn syndrome Ín Europe. These authors claímed

that the deafness was conductive ln type and indÍstinguishable

from otosclerosis. Bronson (L9L7) also noted the early onset of
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deafness in 7 of I adult patÍents in a family with OI and blue

sclerae. Many extensive surveys (BeII, L928; Seedorff, L949¡

Smars, Lg6L; McKusick, L972) have concluded that deafness is most

conmon in patients wÍth domlnantly lnherlted disease and blue

sclerae. Sillence et aI. (L979b) found that 35å of 65 patients

with type I OI had proven or suspected hearing loss, usually

fírst becoming evident in the third decade- As many as 20* of

thelr patÍents however had severe hearing impairment before 20

years of age. The earllest age of onset was 10 years. These

flndings are similar to those of the present study' although the

numbers of type I cases here are smalJ-.

Reports of deafness occurring in patients with brÍttle bones and

normal sclerae are few (Fuss, 1935). Liber (1956) reported a

consanguíneous family with brittle bones and deafness; no

reference was made to scleral colour. SíIlence et al. (1979b)

found that only one of 2L (5.38) patients with type III OI had

hearing loss; this was a 30 year old liloman whose loss had begun

in the thírd decade. In another report of 17 fndivíduals with

type III OI, only one had (mild) hearing loss (Sillence et êl',

1986). None of I patients with type IV OI in Sillence et al'rs

(Lg7gb) study $tere deaf. The fínding in the present study that

as many as 15t of all patients with type III and Í.TL/IV OI had

some hearing loss Ís perhaps unusually high, especially Ín view

of the fact that many patlents had not had recent formal

audiological assessment.
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Deafness in OI may be not only conductive but sensorineural or

mixed and one patient may have different types (Bergstrom' L977)'

Shapiro JR, et aI. (L982) found that about half of 55 patients

with OI had sensorineural hearing loss.

A variety of pathological and hístologlcal changes in the middle

and inner ear have been described ín patients with OI, fncluding

those with perínatalty lethal disease (see revj-ew by Smith et

a1., 1983). It is now generally accepted that the conductive

deafness in OI is clinically similar to that seen in

otosclerosis, but the two are histologically, histochemically and

biochemically distinct (Pedersen et ê1., L979; Bergstrom, 1981).

The conductive deafness in OI results from functional ossicular

dÍscontinuity due either to stapes fracture or fibrous

replacement or to a thick, crumbly, lightly fj-xed stapes foot-

plate (Bergstrom, 1981). Results of stapedectomy and replacement

by a prosthesis are generally good (Shea et 41., 1963; Opheim,

1968; Patterson and Stone, L97O; Bretlau et ôI., L97O; Brosnan et

aL., Lg77; Pederson and Elbrond, L979; Shea and Postma, L982) '

These reports all concern patients with the dominant 'tarda'

forms of OI wÍth blue sclerae, rather than those wíth Severe

disease and normal sclerae. Many of these authors commented upon

troublesome mucosal bleeding which complicated the operations.
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6.7 .8 The teeth - dentinosenesis Ímperfecta

Results table 6.40)

DentÍnogenesis imperfecta (DI) is another common abnormality

which occurs in patients with OI, producing an opalescent or

transparent appearance of the teeth, often with brown or blue

discolouration, excessive wearing and chipping and an increased

incidence of caries (Levin, 1981). The presence of one or more

of these abnormalities was usually obvlous enough to allow the

author to make the díagnosis of DI on the basis of a hÍstory and

simple clinical examination, where possÍble. In those cases not

examined, the parents of the affected child were usually able to

give a clear indication as to whether or not DI was present- The

assessment was made on either the first or the second dentition

whichever was present at the time of the study or at death (see

appendÍx 6.1). In addition, dental radiographs !.tere available

for L2 patients with type T.|I/IV OI (see appendlx 6.1). One of

these included an orthopentomogram (case 37). These were

revj-ewed by professor l{Ínter (Eastman Dental Hospital, London)

and Mr Mars (The Hospital for Sick Chíldren, Great Ormond Street,

London). Radiological evidence of DI was found in all L2

patients by both experts, confírming the cllnical ímpressions.

Unfortunately, (but not surprisÍngly) adequate views of those

with clinically normal teeth $tere not available.

The results of the clini.cal assessment are shown in table 6.40-

About three-quarters of aII cases (69 of 91) had evÍdence of DI.

I
td

i

I

t

32L



Table 6-40

CLINICAL EVTDENCE OF DENTINOGENESIS IMPERFECTA (DT) TN

PERINATAL SURVIVORS

* Unknown or teethnot Yet eruPted.

% are for those known -

**rTI & rII/IV is total 0f IIr recessive & III/IV sporadic -

.T

!d
,,iì

,)

t
I

I

r

IIB 1 2 3

(F) (tF, 1M) (2î, 1M)

III/IV
sporadic

58 ß2.9%)
( 35P, 2314)

12 (17.1%)
(4n, 8M)

17
( 11F, 6M)

87
(50n, 37M)

III recessive )+ (44.\%)
(zF, 2M)

5 $5.6%)
(tF, 4M)

6
( 3F, 3M)

15
(6n, 9M)

III & ITI/IV*X 62 Q8.5%)
( 37F, 25Vt)

17 Q1 .5%)
(5n, 12M)

23
( 1 4F, 9M)

102
(56F,46M)

I new mutation 6 rcj%)
(5r, 1M)

4 (40%)
(3F, 1M)

1 11
(Bn,3M)(M)

Total 69 06.7%)
( 43r', 26t4)

21 Q3.3%)
(8n, 13M)

26
(15F, 11M)

116
(66F, 5oM)

Type of 0I DI Normal Unknown or
not applicablex

Total
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For the group as a whole, more females than males l¡rere affected

and this $tas just statistically significant (p = O.O5). Looking

at the various subgroups, however' this sex dÍfference' although

present, does not reach statistical sígnificance (p = 0.1 0.5'

0.9 0.95 and 0.5 o.7 in the type LII/ÍV, III and I groups

respectively. This includes correction for continuity where any

expected values are less than 5, as in the type III and I

groups ) .

One child with type IIB OI (not examined by the author) was

reported by the parents to have shown evidence of DI' Fifty-

eight (82.g*) pati-ents wÍth type T.II/ÍV OI had clinical evidence

of DI; one of these had mild translucency of the teeth only, with

no obvious wearing. Forty-eight of the 58 with DI l{ere examíned

by the author, as $rere 1O of the 12 with apparently normal teeth'

In the type III OI group, 4 patients had DI and 5 did not,

clinically. (Two and 3 of these !,rere examíned by the author,

respectively). one sib pair was concordant for clinj-caIly normal

teeth and one si-b pair !{as concordant for DI. Two sib pairs were

discordant for DI by parentst reports. In one of these, one girl

(case 93), who had died at 8.5 years was said to have DI but her

sister (case 92) who had died at 16 months rdas thought to have

had normal teeth. DI may not yet have become apparent in the

Iatter case. In the other 'discordantf sib pair, one sib (case

99) had obvious DI (examined by the author) but his brother (case

98) who had dÍed at 16 years was saÍd by the parents to have had

normal teeth. The difference in numbers with DI between the

.)
!d

"iì

I

r
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types III,/IV and III group is statistically slgnificant (p O.O1

O.05 ) but the information is incomplete and may have

underestÍmated those with DI in the type III group.

In the type I group, 6 patients had DI and 4 did not, clinically;

of these, 6 and 3 vlere examined by the author, respectively. The

dÍfference in numbers between the type III/IV and I group is not

significant (p 0.05 0.1).

Delayed eruption of the fírst and second dentÍtions was

occasionally reported.

In 11 cases with type III/MI and DI ( cases L9 , 23 , 35, 39 , 42,

44, 46, 49, 50, 65, 68), the patient or famíIy Commented that the

second dentition seemed less abnormal than the fj-rst, either with

less wearing or a better colour.

DiscussÍon

The dental abnormalÍty Ín OI 1s due to a reduction in the number

or absence of tubules in the dentin; it Ís generally believed

that the enamel fs normal (Levin, 1981). The enamel fractures

away, exposi.ng the darker dentin which vrears towards the gingiva-

Other authors have noted the tendency for the permanent dentition

to be less severely affected than the deciduous dentition, as fn

the present study (Levin, 1981). Rarely, the permanent teeth are

so mildly affected that they seem normal unless examíned with a

good light and dental radiographs ( Levin, L981 ). Thus the
I
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incidence quoted in the present study on the basis

examination may be an underestimatj-on, in the

radiographs for the clÍnically normal cases.

of c]-inica]-

absence of

Many authors have noted that the incidence of DI 1s greater in

the severe than in the mild forms of OI (Falvo et â1., L974¡

Bauze et â1., L975; Sillence et ê1., L979b; Smith et ê1., 1983)

but the figures quoted vary widely. In the present study, 6

(608) of patients with type I OI had DI. In Fa1vo et al.'s

(L974) series, 638 in the rtarda' group had DI, whereas SÍIlence

et aI. (J-979b) found that none of 65 patients with type I OI had

'classical' DI but 41.5* and 18.98 had some discolouratÍon or

wearing, respectively. In a 3 centre study of 333 cases, DI was

present j.n only L2 of 1O3 ( l1t ) with mÍId OI ( Smith et â1. ,

1983). Levin et aI. (L982) reported on a child with severe

congenitaJ. OI who died at 10 months of ôgê, whose teeth were

normal when examined under the scanning electron microscope.

As many as 838 of cases with sporadic type IIL/Í.V OI in the

present study had DI. Falvo et aI. (L974) found DI in 10 of L2

(83t) of fcongenitaf cases and Smith et al. (1983) noted DI in

638 of cases with severe disease who were born with fractures.

Paterson et al. (1983) studied 48 patients from 16 famÍIies wíth

type I I , 68.8t had DI.

OnIy 4 (44.4*) cases in the present study wÍth type III OI had

abnormal teeth. As mentioned above, the information on 2 cases

whose sibs $rere affected was incomplete, so that those affected
¡
I
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might be underestimated. Sillence et aI. (L979b) reported DI Ín

458 of 20 cases with type III OI, and in a further 2 of 4 cases

with type III (SÍI1ence et ô1., 1986).

The rather anecdotal suggestion of discordance for DI j-n sÍbs

with type III OI in the present study could not be substantiated

due to lack of information. The author is not aware of other

such examples in the literature. Concordance for DI in sibs wlth
frecessivef OI might be expected, since DI tends to 'breed truef

1n familj-es with types I and MI ( Levin et â1. , L978; Paterson

et a1., 1983) and thls has led to the subdivision of these Ínto A

and B groups, based on the absence or presence of DI,

respectively.

Erupti-on of teeth Ís

SmÍth et a1., 1983)

eruption.

said to be usuaJ-J.y normal in OI (quoted 1n

but some families here had noted delayed

The defect seen in OI is c1inically, radiographically and

microscoplcally simÍIar to that seen in an autosomal dominant

disorder not assocj.ated with bone disease, which is variously

ca1led (hereditary) dentinogenesis imperfecta' (hereditary)

opalescent dentin, odontogenesis imperfecta, dentj.nogenesis

ímperfecta type I and heredítary hypoplasia of dentin. Levin

(1981) believes that the term dentinogenesis imperfecta should be

reserr¡ed for the fsolated dentÍn abnormality but that the one

associated with OI should be called 'OI with opalescent teethf -

One difference between the two conditions is that ln Ísolated DI
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aII teeth are affected, whereas in association with OI, Some

teeth may be spared and others affected in the same lndividual.

The isolated form of DI is linked to the locus for the vitamin D

binding proteín, group specific complement (Gc) on chromosome 4q

(8a11 et â1., L982). The maximum lod score was 7.9 at

recombination fractions of 0.05 (ma1e) and O.24 (female). It is

ínteresting that the disorder is phenotypically similar to the

dental defect in OI which is usually due to an abnormality of

type I cotlagen which ís coded for on chromosomes 7 and 1-7.

6.7 .9 The qastrointestinal tract

6.7 .9 .L Constipation

Results table

As can be seen from table 6.4L, almost half of the patients with

type III,/IV and III OI complained of constipation, as did 3 of 9

with type I and one wj-th IIB OI. The difference between the type

IIIIIV and I group is not significant (p 0.5 O.7). Those from

the type I group l¡rere not greatly troubled by it, but many from

the sporadic type ITL/ÍV group suffered considerably; 4 of them

(a male and 3 females, cases 25, 4L, 45, 50) had had associated

rectal prolapse, êS had 1 type III patient (a male, case 99) '
occurring on 2 or 3 occasions. Case 25 had required surgical

reduction of the prolapse. Another tlpe TLT/ÍV sporadic patíent,

a 23.25 ye,ar old female (case 16), had a colostomy performed at' 7

years because of chroníc constipation and faecal impaction; the
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Table 6.41

CONSTIPATION IN PERINATAL SURVIVORS

% are for known cases

F=femalêrM=¡¡¿fg

* ? nobed constipation mainly in childhood gr infancy.

ItrÉ III & III/IV is total of fII recessive & III/IV sporadic.

IIB 1 1 3
(2F, 1M)(F) (M) (F)

III/IV sponadic 32 (48.57")*
( 17F, 151,t)

34 (51.5'1")
(zzv , 12M)

21
(1tn, loM)

87
(50n,37M)

III recessive 4
(

(40%)
1F,3M)

6 rcj%)
(3F, 3M)

5
(zF, 3M)

15
(6n,9M)

rrr & rrr/rv** 36 (47.4%)
(18F,18M)

40 (52.6%)
(25F, 15M)

26
( 13F, 1 3M)

102
(56n,46M)

I new mutaùion 3 ( 33 .3%)
(3F)

6 (66.7%)
(4r', 2M)

2
(1F, 1M)

11
(BF,3M)

ToLaI 40 (46.0%)
(22F, 1 8M)

\T (54.0%)
(29F, 1BM)

29
('15F, 14M)

116
(66n,50M)

Type of OI Present Absent Unknown TotaI



colostomy is still Present.

Presumabty the constipatj-on relates in part to immobilÍty. Of

the L2 patients with sporadÍc I-II/ÍV OI who can walk (see table

6.ZA) none comptained of constipation, although 2 had the problem

Ín early childhood, associated with rectal prolapse in one. This

suggests that immobility compounds the tendency to constipation.

Consti-patÍon was more troublesome in childhood; of the 32

sporadic type TII/IV patients with constipation, 6 stere over 18

years and had the problem only in chitdhood, one was 5 L/2 years

(case 44) and had tt in infancy and the mean age of the remaining

25 currently suffering from constÍpation was L2.7 years (S.D.

Z.2S years). OveraII, females and males !.tere affected equally

often wÍth constipation (p 0.5 O.7)-

Discussíon

Scant reference to this sometimes serious problem in OI is made

in the lÍterature. Shoenfeld et aI. (L975) found that lL of 29

patients (38E) wíth mainly domínant OI had obstipation.

Constipation in severe OI may be attributable to a combination of

immobility and poor muscle tone. The latter has been thought to

result from weakness of the loose connective tissue. Smith et

aI. (1983) cfte the striking example of their patient with mild

bone dísease whose stomach ruptured, apparently spontaneously.
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6.7 .9.2 Herniae

Results table

About one-third of patients overall gave a hístory of one or more

herniae. These were largely from the type III,/IV and III groupsi

only 1 of 3 type IIB and 1 of 10 type I OI patients had a hernia,

as shown in table 6.42. The difference between the type ILI/IV

and I group is not significant (p o.1 o.2). overalI,

relatlvely more males than females (p <o.oo1) reported herniae.

Two sib pairs r^tere discordant for having a hernia. The types of

herniae are shown in appendix 6.4. In the group as a wÌrole,

congenital umbilical herníae l^Iere present in L4 cases' one of

which was supraumbilical, and 6 resolved spontaneously' One

proved to be resistant to surgical repair and recurred despite

four operations. The remaining 6 were not operated upon and had

persisted and in one, the outcome was unknown. Bilateral

inguinal herniae were present Ín 5 casesi 2 were operated upon

successfully (albeít twice in one case); 1 was recurrent after 2

operations and 2 were not operated upon. E1even patients had

uníIateral inguinal herniae (5 rÍght-sided, 2 Le,ft,, 4 side

unknown) of whÍch 3 resolved spontaneously, 4 vtere operated upon

successfully and the rest were st1l] present. Other herniae

included an incisionat hernia, a híatus hernia and a sub-

umbílical hernia, whích was thought to have developed secondary

to straining at stool because of constipation.
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Table 6.42

HISTORY OF HENNIAE IN PERINATAL SURVTVORS

F=femalêrM=¡¡¿fg

% are for known cases

* III & III/Ms total of III recessive & III/IV sporadic.

IIB 1 2
(1F, 1M)

3
(2F, 1M)(F)

III/IV sporadÍc 22 (31%)
(8n, 14M)

50 (69%)
(35r, 15M)

15
(7F, 8M)

87
(50n,37M)

III recessive 4 (40%)
(4M)

6 (60%)
(4n, zI4)

5
(

't5
(6n, 9M)2F, 3M)

III & III/IV II 26 ß2%)
(8F, 1BM)

56 (68%)
(39F, 17M)

20
(9n, 11M)

102
(56F, 46M)

I new mutation 1 ( 10%)
(M)

9
(

( 9 o%

2t4
1 11

(Bn,3M)7F t (F)

TotaI 28 Q9.5%)
(9n, 191,f)

67 no.5%)
(47n,20M)

21
('t0F, 1 1M)

116
(66r, 5oM)

Type of Of Pnesent Absent Unknown TotaI



DÍscussion

The occurrence of inguj-nal and umbílical herniae in all forms of

OI (Smith et aI., 1983i Benson et â1., L978 ) again probably

reflects the underlying connective tÍssue weakness. other

authors have noted the higher incidence of herniae in severe OI;

Fa1vo et aI. (L974) found inguinal or umbilical herniae in 3/L2

(25*) of patÍents with severe OI'congenitô', but in only 7/78

( g* ) wÍth the milder 'tardar forms. SimÍIar results !.¡ere found

in the present studY.

The male excess noted probably reflects the fact that, for

anatomical reasons, boys more often present wíth inguinal herniae

than do gir1s, irl a ratio of about 9:1 (Shandling, 1987)'

Indeed, the excess of males is significant Ín patients with

inguinal herniae (N = L6, males L3, females 3, p <0.05) and not

in the patients with umbilical herniae (N = L4, males 9, females

S, p O.2 0.5). The recurrence of the hernia post-operatívely

in 3 patients (one with umbilíca1 and two with inguinal herniae)

is further testimony to the basic connective tissue disorder-

6.7 .LO The heart

Results

In verlz few patients was a heart murmur detected on examination.

Of 52 type I.T.I/IV patients, 2 (3.9t) had a soft, apical systolic

murmur. One (case 92) Idas a 6 month old male, who had been
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investigated with a cÌrest radiograPh, electocardÍogram and

echocardÍogram which were normal. The other (case 38), a male

aged S4.8 years, had not been investigated. He had severe chest

deformity, and the apex beat was displaced to the right. Another

3 year o1d gÍrl reportedly had a heart murmur at birth, which had

disappeared. None of 3 type III patients auscultated had a

cardiac bruit. The parents of another type III patient (case 93)

reported that the chitd had a cardiac murmur detected iust before

her death at 8.5 years from a chest infection. Of 7 type I

patients examíned, one (14.38) had a soft systolic murmur; she

was a L4 year old girl (case LLz) who had not been ínvestigated-

Finally, the parents of a boy with type IIB OI (case L64) who

died at 6 weeks reported that he had a heart murmur, but the

details are not known.

A female aged 2O.I7 years with type ffT/MI (case 6) had been

noted to be hypertensive on several occasions, but this had not

been investigated. A male (case 101) with type III OI who dled at

1.8 years was found at the post-mortem examination to have a

bicuspid aortic valve.

DiscussÍon

Cardiovascular lesions are generally uncommon in OI (Smith et

al., 1983). Although McKusick (L972) states that 'a consíderable

number of patients with osteogenesis imperfecta tarda trave been

observed with the floppy mitral valve syndrome and aortic

regurgitationr, some recent series have documented a fairly low
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Íncidence of these abnormalities. Browell and Drake (1966)

found only one patient wj-th aortj-c regurgitation in a series of

24. (The patient had mild dominant OI with blue sclerae; the

type of OI in the others !.tas not stated). Cohen et aI' (L977)

documented two pati-ents with mild OI and blue sclerae who had

aortic regurgitation. ÛÙhÍte et al. (1983) performed a clinical

and echocardiographÍc study on 20 patients with nostly mild oI.

No patient had cardiac symptoms. One had aortfc regurgitation,

13 had soft late apical systotic murmurs (without significnt

mitral regurgitation) and only one had echocardiographic evidence

of mitral valve prolapse. The left-sided valve cusps l¡tere thin,

probably due to defective co11agen. Seven had SyStemiC

hypertension. Àortic root dilatation $tas present in s1x, two of

whom v¡ere hypertensive, but the authors pointed out that aortic

aneurysm and dissection have not been reported Ín oI. A handfuJ-

of other cardiac lesions have been observed fn fndlvidual cases

( smith et aI. , 1983 ) , including bicuspid aortic valve

(Criscitiello et al., 1965).

In the present study, the incidence of heart murmurs was very

low; the author is aware that some may have been missed on

examÍnation. It 1s important, however, to recognlse the need for

careful cardiovascular evaluatÍon of patients with OI, for if

valvular lesions are present, antibiotic prophylaxis is

recommended for dental and surgical procedures (Stein and

Kloster, Lg77) and hypertension may requÍre treatment (white et

ôI., 1gg3). patients with oI and mitral valve prolapse also need

careful follow-uf¡ to prevent or anticipate chordal rupture
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(Schwartz and Gotsman, 1981).

6.7 .LL General observations

6.7 .11.1 IntellÍqence and PersonalitY

Atthough intelligence was not formally assessed, there was no

evidence that any patient was mentally retarded. l{hilst

achievement of motor milestones r^¡as often delayed due to physical

handÍcap (see sectÍon 6.7.3), no parent had noted a significant

delay in development of speech or other mental abilities. Many

children attended schools for the physically handicapped. In the

type TTf/fV sporadic OI group, 6 patients had completed or were

studying for a university degree, and 3 had undertaken courses at

other tertÍary institutions of education. McKusick (L972) noted

that most patÍents with OI are of normal intellect but cited 3

patíents wÍth mental retardation, stating that although arrested

hydrocephalus may be the basis in some cases, irl others it is

tikely to be coincidental. In a study of L2 children aged 6 to

L7 years, 10 of whom had severe disease, Reite et aI. (L972)

found that the mean IQ was IO7, with a range of 78 to 133.

The author v¡as struck by the number of affected chíIdren and

adults who had an engaging, cheerful personality with an

optlnístic outlook in the face of severe disabÍlity, almost as ff

this were the 'OI personallty'. This cheerful, often euphorlc

state has been descrÍbed before (Solomans and Millar, L973; Kiely

et al., L976). Even severely affected children are well-adjusted
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(Refte et ê1., L972) and psych1atric illness in OI is uncommon

(Smith et aI., 1983). Smith et aI. (1983) noted that most adults

'appear intelligent, productive and extroverted' and Smars (1961)

emphasised the positÍve attÍtute and rdrive' of patients and

theÍr 'surprísing ability to adapt themselves to the communÍtY',

despite serious incaPacltation.

6.7 .LL.2 Menarche and pregnancy

The age at menarche for 9 females with sporadic type If-T/fV OI

eras L4 years (cases 45 and 62), L4.3 years (case 65), 15 years

(case 16), 16 years (cases 6, 8, 56), L7 years (case 40) and 22

years (case 2), mean 16.03 years. Another girl aged L6.25 years

(case 48) had never menstruated. One 20 year old female wÍth

type III OI (case 1O3) first menstruated during her 14th year.

By comparison, in the type I group, menarche had occurred earlier

(between 10 and L4 years in 3 females, cases 113, 115 and IL7),

one girl aged L6 years (case 118) had never menstruated.

The mean age at menarche in the Harpenden Growth Study (Marshall

and Tanner, Lg6g) vras L3.47 years (SD L.Oz years). In the

present study, the age at menarche of 7 of 10 gÍrls with sporadlc

type LLT./MI was greater than one SD over the mean, wtrereas 3

of 4 with type I OI first menstruated within one SD of the mean-

A variety of chronic illnesses are associated with delayed

menarche (Preece et aI., 1986) and it seems that this may also be

true of the severe forms of OI, although the numbers here are

small.
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Delayed menarche does not necessarily imply infertilj-ty'

Pregnancy has been reported in a number of women severely dwarfed

and deformed as a result of OI (McKusick, L972; Bender, L965;

Burkhardt, 1968i Dunham and Spellacy, L967 (quoted in McKusick'

Lg72)). Evans (1966) reported on a 23 year old woman with severe

OI who had never walked and who had a suplne length of only 27

inches. Her menarche occurred at 18 years. She became pregnant

and her normal baby was delÍvered by Caesarian sectíon at 34

weeks gestatÍon.

In this study, two probands had offspring; one $¡oman with type I

OI (case LL7) had a healthy daughter, and another with type

fr.r /Iv oI ( case 6 , who is Lo4 cm tall ) was delivered of a

daughter at 36 weeks gestation by caesarian section. The child

is affected with OI. The mother had been refused a sterilisation

operation by her doctor, on the basis that she represented an

anaesthetic risk and that it v¡as unlikely that she would become

pregnant (see also addendum to chapter 5). ttomen with all forms

of OI should be offered adequate contraception'

6.7 .11.3 Voice

Many patients spoke in a high-pitched nasal voice whfch was so

characteristic that the author could recognise that a person with

oI had answered the telephone when ringing to make the interview

appointment!. Presumably this quality' of the voice relates to

the shape of the naso-pharynx. Table 6.43 shows the numbers of

patients with this feature. Males and females were affected in

similar ratios (P 0.5 O.7)-
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Table 6.43

VOICE OF PERINATAL SURVIVORS

"þ are for those known

F=femalê,M=¡¡¿fg
* III & III/Ms the total of III recessive & III/IV sporadic.

IIB 3
(zF, 1M)

3
(2F, 1M)

III/IV
sporadic

42 (70%)
(25F , 17M)

18 (30%)
( 10F, 12M)

27
( t5n, BM)

87
(50n,37M)

III recessive 2
(2M)

2
(2F)

11
(4n,7M)

15
(6¡.' gM)

rrr & rrr/rv * 44 (68.8%)
(25t,19M)

20 ß1.2%)
(1Zn,8M)

3B
(t9n, 19M)

102
(56n, 46M)

Inewmutatlon 1 (11.1%)
(F)

I (88. e%)
(61',2M)

2 11

(Br',3M)(1F, 1M)

Total- 45 (61 .6%)
(26F, 19M)

28 (38.4%)
(18F,10M)

43
(22r, 21M)

116
(66n,50M)

Type of OI Characteristic high-pitched nasal
voice

NormaI Unknown or
not applicable
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6.7 .LL.4 Nai]- growth

Àfter a L9 year old r¡¡oman with severe OI ( case 30 ) volunteered

that her 'nails $rere stronger than her bonest the author asked

other patients about the growth of their finger and toe nails.

seven of 65 type ],IL/IV OI patients (cases L, 2, 13, L4, 24, 30

and 51) claimed that their naiJ-s grer^t unusually fast and seemed

very strong and 2 others (cases 45 and 57) said they had very

tough nails. None said that their nails grew poorly. In the

type III group, none of 6 patients asked noted any abnormality of

nail growth. Of g type I patients, 1 (case L1-2) had unusually

good nail growth. The parents of the 3 babies with type IIB OI

râ¡ere not asked about nail growth. The explanation for this

unusual subjective phenomenon is unclear and does not appear to

have been noted previouslY.

6.7 .L2 Other anomalies and Problems

Types IIB, III and I OI

No anomalies other than those already mentioned were reported-

Type TII/ÍV sporadic OI

Case L2, a L4.67 year old female had become hyperpyrexic durÍng

several general anaesthetícs and this was to be investígated with

a muscle bÍopsy.
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Case 50, a 7.8 year old female, had asthma-

Case 18, a female, had

spontaneousJ.y.

Case 20,

stenosis

ÍncÍsional

congenj-ta]. torticollls which resolved

a female aged 2.5 years, had an operation for pyloric

at 2 months of age and

hernia Ín the scar.

subsequently developed an

Case 2L, a

the testis

L6.9 year otd male, had an operation for

at 14 years.

torsion of

Case 42, a 9.8 year o1d female, had a urÍnary tract

a recent intravenous pyelogram was normal.

infection but

tuberculosis during

ma1e, complained of pains in his neck,

a weak grÍp.

Case 44, a 5.6 year old female, had primary

her first year.

Case 60,

tingling

a 23.8 year old

in the hands and

Case 6L, a L4.2 year old male of

have hydrocephalus, diagnosed on

normal íntelligence was found to

a CT brain scan at I years.

Case 66, a 6.8 year old male, suffered from recurrent boils.

Case 16 (a 23.25 year old female), case 4L (a 27.L year old
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female, case 60 (see above) and case L7 (a 10 L/2 year old male)

r^rere obese.

Discussion

A wide variety of diseases have been described in association

with OI, many of them probably fortuitously (Smith et aI., 1983).

Malignant hyperthermia at surçJery was described in 2 patients by

Bergstrom (L977)¡ whether this has any relationship to the

excessive sweatÍng noted in OI (see sectÍon 6.7-6-3) is unknown.

Pyloric stenosis in a 7 week old girl with congenÍtatIy

manifestÍng OI vtas described by Crooks (L932).

Symptoms of backache and leg pains, possibly resulting from nerve

roOt compressiOn are Of 'frequent Occuren:è' , aCCordlng tO

McKusick (L972), but actual neurologic deficits are less

frequent. Nevertheless, the symptoms noted in case 60 (neck

pain, paraesthesiae in the hands and a weak grip) should prompt a

search for nerve root compressíon, spinal cord compression at the

foramen magnum, impíngement of the odontoid process on the braÍn

stem or hydrocephalus (McKusick, L972) -

Hydrocephalus has been reported in severe OI, albeit uncommonly

(McKusick, L972). Pozo et al. (1984) descríbed obstructive

hydrocephalus with raised intracranÍal pressure associated with

basilar impression. In a study of 10 patients, Tsípouras et aI.

(1986) found that all 4 patÍents with mild type I OI had normal

computed tomographic (CT) brain scans, although 3 vlere
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macrocephalic. In the same study, a1l 6 patients wÍth severe

type III OI had cortical atrophy with diffuse ventrÍcular

dilatation on CT scan, but Ino evidence of hydrocephalus'. Three

of these patients were macrocephalic.

The cause of recurrent boils in case 66 Ís not known.

Immunological defects do not seem to be a part of the OI

spectrum. Congenital deficiency of the second component of

complement (C2) in a healthy woman and 2 of her relatÍves wÍth OI

was associated with abnormal platelet function, but not with

Ímmune deficiency (Tobelem et al., L974) and may be fortuitously

assocÍated with OI.

As noted by McKusick (L972) the inactivity of patients with OI

can lead to obesity. This of course compounds the immobÍlity and

should be avoided Íf possible. Some of the patients in this

study found swimming to be a sport ln which they could safely

and happily participate.

The other associated disorders noted above (asttrma, torsion of

the testÍs, urinary infectÍon and tuberculosis) are like1y to be

coincidental.

6.8 Concluding remarks: comparison of blÍps T.TT/IV OI

with blpes III a¡rd I

The c1Ínica1 manífestations in the types III and III/MI groups

were remarkably similar, with no significant dífferences between

T
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the two groups for Sex ratÍos, obstetrlc details, bj-rth

measurements, fracture numbers at or after birth, death rate,

deformity, short stature, visual function, strabismus, bruising,

epistaxes, constipation or hernÍae. Relatively more type III

patÍents had skin J-axity or hearing loss, and relatively more

type Tff/IV patients had Joint distocations but the numbers were

not statistically significant. For Joint laxity and

dentinogenesis imperfecta, relatively more type Lff/Mhan type

III patients were affected (to a signfffcant level) but the

numbers in the type III group may have been under-represented, as

discussed Ín the relevant sections. The only clear dÍfference

between the two groups r^ras that the sclerae of patients with type

III OI were more J.ike1y to fade to a pale blue or normal colour.

Thís, however, 1s unlikely to be a reliable distinguishfng sÍgn

between recessive and dominantly caused OI j-n an indlvidual case.

patients with type I OI had much milder clinical manifestations

than the type fIJ/fV group, whÍch is expected, given that they

r¡rere selected out from the total group because of milder disease,

associated with blue sclerae. They generally had fewer fractures

at birth or afterwards, and had less deformity, greater height

and more mobility. Other parameters affected the type I group to

a similar degree as the type III/LV group, such as visual

dysfunctÍon, strabismus, jofnt laxity, epistaxis, sweating,

dentinogenesis imperfecta, constipation and hernÍae. Relatively

more patients wíth type I OI reported Joint dislocations or

hearing loss, and relatively more patlents with type ITf./fV OI

had lax skÍn, but not to a significant Ievel. The patients with

T
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I
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type I OI reported si-gnificantly more bruising than those with

type ILI/ÎV OT.

I
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CHAPTER 7

POSTNATAL RADIOLOGICÀL MANIFESTATIONS

7-L Introduction

Some of the radiographic appearances at birth which distinguished

2 type I OI patients, 38 perinatal survivors wÍth severe OI

(which comprised 3 with type II, 4 with type III and 31 with type

:..]-T-/fV OI) and 60 patients with perinata].]-y lethal disease were

described ín sections 4.1- and 4-2-

In this chapter, radlological changes which occurred postnatally

in patients who survived the perinatal period are described.

Some addÍtional features at birth are also discussed, in order to

highlight the postnatal changes. As in chapter 6, each

manÍfestation is presented and discussed as a unit.

The purpose in presenting these radiological manÍfestations is to

confirm the diagnosis of OI and, as ín the clÍnical analyses j.n

chapter 6, to see if the type III 'recessive' cases are dÍfferent

from the type TLI/ÍV sporadic cases. In addition, êS with the

clinical data, it was thought to be important to document

radJ-ological findÍngs in order to expand the understanding of the

various subgroups to which the recurrence risk figures presented

in chapter 5 app1y.

Various radÍographs taken after the perinatal period ldere

,.i
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U
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, available for 10 patients with type I OI, none of the 3 perinatal

survivors with type IIB, 9 with type III and 66 with sporadic

type IIIIIV OI. These are documented in appendix 7.L. Ideally'
1

it would have been useful to compare fuII skeletal surveys at

various ages between patients and for individual patients, but as

might be expected, availability of films was inconstant.

Not included in appendÍx 7.1 are the cases Ln whích no radÍograph

or neonatal radiographs only were avaÍIable (table 7.L). In the

former, reports of radiographs taken previously confirmed the

diagnosis of OI.

7.2 Generaf. obsenrations

AII patients showed osteoporosis wíth thin cortices of bones.

These changes in general $rere milder in the patients with type I

OI and more marked in the other varieties. In many patients with

type III and LLL/LV sporadic OI, osteoporosis was severe.

ProgressÍon of deformity tended to occur in all cases, but to a

much greater degree in the patients wÍth type III and ffI/fY OI

than in those wÍth type I. Many radiographs showed evidence of

acute or healÍng fractures. No clear-cut distinguishing features

between the patients with type III and TIL/IV sporadic OI were

observed. Many patients had undergone numerous radiographs- In

some cases of type III or IIL/ÎV OI the X-ray packet contained

over 2OO films. The taking of unnecessary radiographs in these

patients should be avoided.

t:
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Tabl-e 7. 1

LIST OF PATIENTS I,IITH NO RADIOGRAPHS AVAILABLE

fype III/MI (n=12)

Cases 2'1 , 36, 43, 48, 49, 56, 57, 61*, 74, 75, 79' 83

Type III 0I (n=4)

cases 92 , 93, 94 , 10'1

Type I 0I (n=1 )

Case 116

LIST OF PATTENTS WITH NEONATAL RADIOGRAPHS ONLY AVAILABLE

Type III/IV 0I (n=9 ¡

Cases 9, 18, 28, 32*x, 33, 53, 59, 70, 86

Type III (n=3¡

Cases 91, 96

Type I (n=0 )

* A radiograph of the teelh only was available'

** A radlognaph of the anm al 3 monlhs I¡Ias also available'
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7.3 Long bones

Types III and IIIIMI

The femora, whl-ch $tere modelled at

modelled, broad and rectangular

postnatally (this was discussed in section 4.L.2.L).

After thÍS broad phase, the femora usually became increasingly

slender, resulting in some cases Ín an extremely thin bone

(figure 7.L). In others, the femora remained thickened' poorly

modelled and 'shapeless' . Some patients appeared not to go

through the 'broad femora' phase and the bone simply became

progressivelY thinner.

Bowing and angulation deformities could affect any of the long

bones which often appeared abnormally shortened (figures 7'2 and

7.g). In many cases, the fibulae became extremely thin and warry,

IÍke a rÍbbon (figure 7.L). A characteristic deformÍty of the

tibiae was anterior bowing (figure 7.4).

In some patients, osteopOrOsiS l^tas SO Severe aS tO produce a

'Iacey' appearance of the diaphyses of the long bones' Many

patients developed a progressÍve cystic 'bubbly' appearance of

the epiphyses, especially of the femora, upper tibiae and humeri

(appendíx 7.L and table 7.2). À globular shape of the affected

epiphysis developed (figure 7.L and 7.3). The earlÍest age at

which cystic epiphyses were noted was at 2 L/2 years (case 1O)'

birth,

by as

often

early

became

as4

poorly

weeks
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Figure 7.1

case 23 ( type Lf-f /ÎV OI ) aged L3.2 Yn, Iegs ( antero-posterior
(AP) view).

Note severe osteoporosis; very slender bones especially the
fibutae which are v¡avy espeðiatty on the left; 'popcorn'
deformities of the epipnyseé of the femora and tibiae at the
knee; surgical rods in both femora whictr are Surrounded by only a

thin rim of cortex. On the right, the lower end of the rod has
come out of ttre femur-
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f'íglure. 7 -2

Case 31 (type T-If /IV OI), aged 1.6 yr, babygram (ÀP)'

Note osteoporosis; deformities of femora and ríght tíbia;
fracture of rÍght fe,mur; platyspondyly and scoliosis, and short
broad chest.
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Figure 7.3

Case 3l- (type I-II/ÍV OI), aged 6-3 yr, Iegs (AP).

Note severe osteoporosis and increased deformity of long bones
compared to figure 7.2. There are rpopcorn' deformities of the
epiþnyses at the knee and ankle (best seen at lower end of the
feft iemur and tibiae). The teft tibia j-s fractured.
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Figure 7-4

Case 31 (type IIIIIV OI), aged 6.8 Yî,left lower leg (Iateral
(]at. ) view).

Note severe
fih¡ula with
7 .3.

osteoporosis, marked anterior bowing of tibia and
non-union of the fracture of the tibia seen in figure
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Table 7.2

CYSTIC EPIPHYSES (I¡0. CASES)

Present Absent Present Absent

2

1

2

1

1

1

¿

2
2
2

Pnesent Absent

1**
7
5
12

3

9
B

7
5

1

2.5
2.5
5
10

- r<5

- <10
_ <15
- <2015

20

Type I 0IType IIl 0IType III/IV 0IAge group*
(vr )

* Present: earliest age at whi-ch sign present; Absent: latest age at
which sign absenl (tfiis applies to tables 7-1 - 7-8)-

Table 7.3

DOIdNüIARD ANGULATTON OF THE R]BS AT THEIR COSTOVERTEBRAL JUNCTTON (NO.

CASES )

Present Absent

1

2

l

;

Pnesent Absent

1

'l

1

Present Absent

1rÉ

4

3

3
2
2

1 5x*
5
2
6

4
2

-<2>2
>5
>1
>1
>2

.5

.5 - -<5_ <10
0 - <15
5 -<20
0

Type I 0IType III OIType lIIlIV I0Age group
(yr )

* In addition, case

*x Does not include

10 showed rib angulation at birth-

nadiographs taken at birth.
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From table 7.2, it can be calculated that 3 of 5 pati-ents (6Ot)

with type III OI and 28 of 52 cases ( 548 ) with type ILL/M I

over 2.5 years of age showed cystic epiphyses. (The 9 type

II'L/TV cases in the -<2.5 year category with no cystic epiphyses

lvere aII below 2.5 years, but the one with cystic epiphyses was

aged 2 .5 years ) . In the type LlI / T-V group, there was no

assocÍation between cystÍc epiphyses and scleral colour

(considering two groups of normal or pale blue sclerae and

moderate or dark blue sclerae) using 2 x 2 contingen y ft2 tables

(p o.7 0.9) (see appendix 7.2 for details). cystic epiphyses

could be present at one site but not another in one patient at

the same age. For example, cystic epiphyses were present in the

arm but not the knee Ín case 15, vice versa for case 60 and case

62 had cystic epiphyses at the left, but not the right, knee and

ankle. In case 67, the cystic change was present at L7 years at

the knee but had disappeared by the age of 35 years.

In many patients, surglcal rods had been inserted into long

bones. Occasionally, radiographs showed that the rod had

penetrated the ends or cortex of the bone or that the rod almost

appeared wider than bone So that only a thin rim of cortex

surrounded the rod (figure 7.L).
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Type IOI

prominent vertical trabecular lines associated with osteoporosis

rârere common (figure 7.5) and have been descrÍbed before (Bauze et

ôI., 1925). Abnormalj.ties of modelling and deformÍty were mild

in this group compared to the severe forms of OI. In case LOg,

who had mild femoral bowing at birth (figure 4.1), the deformity

actually appeared to decrease during the first year, but

increased thereafter, perhaps because she began to stand at one

year of age. The long bones of the legs often became slender but

not to the degree seen in types III and LII/IV OI. No patient

(even one aged 39.6 years) demonstrated the cystic epiphyseal

changes described above.

Discussion

Fairbank (1951) described 3 types of OI on radiological grounds:

thick bone, slender bone and cystíc bone. Many subsequent

reports were described Ín terms of thLck or thÍn bones. The

author later recognised that the 3 types may progress from one to

the other (Wynne-Davies and Fairbank, L976) and certainly this

was true in cases in the present series. As descrÍbed in section

4.L.2.3, the classÍficatÍon of patients into SfIlence types

should be done wlthín the first week of life because of the

postnatal evolutfon of bone morphology. A true cystic-bone type

of OI, ín whÍch the entíre long bones, and sometimes the pelvis,

appear cystic (Fairbank, L948) is believed by Srnith et aI. (1983)

to be an extremely rare form of OI; it should not be confused
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Figure 7.5

Case 118 (type I OI), aged 5.2 yt, Iegs (AP).

Note osteoporosis (not as marked as in figures 7
prominent trabecula Iines especially of left upper
deformity of tibiae and fibulae.

.1 7.4),
tibia, miJ-d
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wÍth the cystic or foamy appearance of the epiphyses noted above

which was labelled as 'popcorn bone'by Goldman et aI. (1980).

This is believed to be due to fracturing of the epiphyseal growth

plate and is conrmon Ín severe buy not in míld OI (Goldman et aI.,

L98O; Smith et a1., 1983), as noted here. The finding in the

present study that patients with or without cystic epiphyses were

equally likely to have blue or normal/pale blue sclerae suggests

that the presence of cystic epiphyses does not help to

distinguish cases with recessive inheritance.

7-4 Chest

7.4.r Chest - general

Types III and IIIIMI

At birth, the chest was usually of normal shape. The ribs were

often slender with discrete 'beadsf Ín 1 out of 32 cases (case

90), as described in section 4.L.2.L.

Marked progressive deformity of the rib cage was the rule, often

resulting j-n spectacular distortlon of the chest (figures 7.6a

and b, 7.7). Frequently, this was associated with and probably

secondary to advanclng scoliosis or kyphosis. The ribs became

more slender with time. In infancy, the chest tended to be sfiort

in a vertical directíon but re]-atl.vely broad from side-to-side,

as seen on antero-posterior radiographs. This appearance

progressed so that the chest became very squat and the intra-
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Figure 7.6(a)

Case 6 (tyPe LTI/IV OI), aged 5 Yr,

Note scolÍosis and PIatYsPondYIY;
protrusÍo acetabulae.

trunk (AP).

3s8

distortíon of ribs and chest;



Figure 7.6(b)

Case 6, aged 22 yr, chest (AP).

Note chest deformity has progressed.
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Fígure 7.7

Case L2 (type II-I/ÍV OI), aged 4-6 yr, trunk (AP)'

Note scoliosis and
acetabulae; deformed
on the photograph).

pIatysPondYlY; smaIl chest;
left femur (the right femur is

protrusio
not visible
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thoracic volume clearly became severely compromised in many

cases.

Type IOI

In the 5 cases of type I new mutation OI with post-natal

radiographs available, chest deformity $tas mÍId or absent' In 4

cases ( 109 , L]-L, l-18 and 119 ) the ribs $tere slender '

Calcifícation of costal cartilages had occurred in one 33 year

old woman (case LL7).

Discussíon

The chest deformities in OI were discussed in section 6'7'2'2'

The author could find no other reference to costal cartíIage

calcification in OI and therefore assumes that the finding was

fortuitous.

7.4.2 Downward angulation of the ribs

All chest films were specifically examined for downward

angulation of the ribs at their posterior ends, that íS' at their

costo-vertebral junctions ( figure 7.8). Thls was done following

Versfeld and his colleagues' suggestÍon that the sign may be

indj-cative of recessive disease (versfeld et êI., 1985). Only

one patient (case 10, with type ]LI/IV sporadic OI) showed this

feature at birth, albeit only on the teft side'
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Figure 7.8

Case 85 (type IIL/IV OI), aged 3 yr, chest (AP)'

Note downward angulation of the ribs at their costovertebral
junctions ; PlatYsPondYIY.
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In 7 patients with type III oI for whom chest radiographs $tere

available postnatally, 2 (292) showed posterior rib angulation

(appendix 7.L, and table 7.3 (see page 353)). For one of these

(case 98), the chest radÍograph of the affected sib (case 99) was

avaílabte but it did not show the feature.

of the 49 patients with type LII/IV OI wÍth postnatal chest

radÍographs available, 15 (31t) showed posterÍor rib angulation-

This was bilateral in LL, affected the rlght side only fn 2

(cases L7 and 44), the left in one (case 67), and affected only

some ribs randomly in one (case 22). AIl but 3 of the 15 also

had spinal deformity. Rib angulatíon was associated with

scoliosÍs Ín L2 of the 15 cases and 4 of 6 cases with lateral

vÍews of the spine had kyphosis (appendix 7.L). Parallel

development of scoliosís and rib angulation was demonstrated by

case 25 who had nej-ther def ect at 2 months, but both

abnormalities vtere Seen at 2.7 years. On the other hand' other

patients with Severe scoliosís or kyphosis and chest deformity

did not have posterior rib angulation. The phenomenon was more

likely to be found after 2.5 years (table 7.3, see page 353)' If

cases under that age are excluded, 2 of 6 patients (30t) with

type III OI and L4 of 33 (42*) with type llr/fv were, affected.

In the type T.r[/rv group, there was no association between

scleral colour and rib angulation, for all cases (p 0.5 O'7) or

cases over 2.5 years (p 0.95 O-99' see appendix 7'2)'

One patient (case 118) of 5 with type I OI whose chest radlograph

$ras avaÍlable showed downward angulation of the ribs posteriorly
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(appendix 7.L and table 7.3). The patient v¡as short (-6.2 SD)

but had blue sclerae and mild Iimb deformfties without

kyphoscolj-osis. It Ís perhaps debateable as to wt¡etFrer she

represents a case wíth type I OI and rib angulation or that the

latter s5-gn indicates that she has type IIIIIV OI.

It seems reasonable to conclude that the presence of posterior

rib angulation does not reliably predÍct recessively inherfted

disease, since the distribution of scleral colour in the type

III/IV OI cases was simj-Iar whether or not rib angulation was

present and, more importantly, discordance for the sign occurred

in a si-b pair.

7.5 Pelvis

The commonest deformity of the peJ.vis $tas protrusÍo acetabulae

(pA) (sinking in of the floor of the acetabulum with protrusion

of the femoral head through ít) Ieading to a trÍradiate shape of

the pelvis (figures 7.6 and 7.7)

Types III and IIIIMI

Of 5 patients wÍth type III OI whose postnatal radÍographs of the

pelvis were available, all showed PA, severely in 4 cases, ôS

early as 2 years in case 95 (appendÍx 7.L and table 7.4). Of 53

cases of type LT-L/TV sporadic OI, 43 (81*) had PA and 10 did not.

Six of the latter !,rere aged under 19 months. The earliest age at

which PA was seen was at 4 months (case 78). In the type ILL/IV
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TABLE 7.4

PROTRUSIO ACETABULAE (NO. CASES)

u)o\\¡

< 2.5

> 2.5 - ( 5

>5 -<10
>10 -<15
>15 -<20
>20

Age group
(yr )

B 6

2

2

15

7

I

5

Type III/MI

Present Absent

2

2

Type III OI

Present Absent

1

1

3

Type I 0I

Present Absent



group, there was no association of scleral colour with PA (p O'7

- 0.9, see appendix 7.2). In many cases the degree of PA was

relatively mild durÍng the first 5 years, but thereafter the

deformity tended to progress, often asymmetrically, leadíng to a

grossly misshapen pelvis by the second decade (figure 7'9)'

I Type I OI

By contrast, of 4 patients with type I OI, 3

deformity at 3.6 and 11 years respectively, and

showed mj-ld protrusio acetabulae at 9 '2 years

present in the same patient at 3 years.

KyphosÍs and platyspondyly (flattening of the vertebral

can be documented on lateral radiographs of the spíne,

Discussion

Protrusio acetabulae is very common Ín types III and LfL/fV OI'

It has been attri-buted to microtrabecular fractures of the

acetabular roof by Maroteaux and Lamy (1965) but osteoporosis

must also play a role. Undoubtedly, the resulting pelvic

deformity contributes to diffÍculty ín walking in severe OI'

7.6 Spine

7.6.L Kyphos Ís platyspondYlY, sco]-iosis and other spinal

deformitíes

had no pelvic

one (case 118)

which was not

bodies )

whereàs

366



,-I

ru
'itì

.r

Figure 7.9

case 99 (type III OI), aged 23 yr, trunk and femora (AP).

Note marked protrusio acetabulae; Severe scoliosis; extremely
short femora.

t
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Scoliosís Ís appreciated on antero-posterior (AP) views. No

patient demonstrated kyphosis or scol-Íosis at birth, but some had

platyspondyly on lateral radiographs. These were 3 cases (90, 91

and 96) out of 6 (cases 106, LO7 and 108) with type III OI and 2

(cases 53 and 72) of I (cases 3, IL, 20, 32 and 63) with type

TT-I/!V OI. Two of the cases (96 and 72) had platyspondyly of

one vertebral body onty, whereas it affected most vertebral-

bodies in the other cases.

Type III and III IV OI

Lateral views of the spine taken postnatatly were avaÍlable for

L7 patients wÍth type I]j-/TV OI and one wlth type III. Alt 2

demonstrated platyspondyly whj-ch tended to progress, producing a

so-called 'codfísFr' appearance of the vertebral bodies (fÍgure

7.LO). The patient with type III OI showed no kyphosls at 4.6

years ( case LOz). Eleven of the L7 patients with type IIIIMI

had kyphosis, the youngest (c,ase 72) being 2 months old (appendix

7.L and table 7.5). The kyphosis affected the thoraco-lumbar

spine in 9 cases and the thoracic spine only ln 2. Those wíth no

kyphosis vrere not necessarily younger than those wíth it (table

7.5), but the sample j.s small. In the type lfT/f\ group, there

was no association of kyphosÍs wÍth scleral colour (p>O.99' see

appendix 7.2).

J
u
'iÈ

,)

I

AP vlews of the spine taken postnatally !'rere

patíents with type T.IL/ÍV OI and 7 with type

former, 35 (758) showed scoliosis (fÍgures

avaÍIab1e for 47

III OI. Of the

7.2, 7.6, 7.7,

r
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Figure 7 -1-O

Case 82 (tYPe TIT/IV
( Iat. ).

OI), aged 6.6 YT, thoraco-lumbar spine

Note severe platyspondyly producing- Jcodfish'
bodj-es; the pedicles appear unusually long'
Iumbar region (arrow).

shaped vertebral
especiallY in the

þ
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TABLE 5

KYPHOS S PRESENT ON RAD]OLOGICAL EXAMINATION (NO. CASES)

(,
-lo

i_ -. --r=1 t_- :

oupAge gr
(yr )

{5
(10

(15

(20

10

5

20

15

2.5

2.5

Type III/IV 0I

Present Absent

1

1

5 2

3

1

3

't

Type III 0I

Present Absent

1

Type I 0I

Present Absent

1

1



appendÍx 7.1 and table 7.6). The youngest was 4 months (case 87)

and one third v¡ere aged 5 years or less. Of the L2 who did not

shor^r ScoIÍoSiS, LO were under 16 months and the oldest was 4

years. There was no associatj-on between presence of scolÍosis

and scleral colour (p o.5 o.7, see appendix 7.2). AP spine

views were avail-able for 7 patients with type III OI, of whom 4

( aged 2 to 16 years ) had scoliosis. In the other 3, the

radiographs !{ere taken at or under 4.6 years. ScoliosÍs tended

to be progressive and ultimately could be severe in the type

IIIIIV and III groups.

Although ptatyspondyly Ís best apprecÍated on lateral views, it

Ì.ras so pronounced as to be obvious on the AP view ín all but 3 of

the 47 type III,/IV cases and all of the type III cases ( figures

7.2, 7.6a, 7.7 and aPPendix 7.I) -

Other spinal abnormatlties in patients with type lLf /f'V OI

included subluxation of the vertebral body of C2 on C3 in case

19 at age 7.8 years; L5-S1 spondylolysis in case 35 at age I

years followed by development of an angulated sacrum by 13 years;

a curved sacrum j-n case 22 at 7.8 years and a pronounced lumbar

Iordosis ín cases 30, 40 and 58 at ages 8.5, L7.8 and 18'1 years'

respectively. Cases 3O and 4O also had an angulated sacrum'

postnatal spÍne radiographs of 4 patients rvere available. One

case (109) showed no abnormalities on ÀP views at 10 months'

OIIType
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Tab1e 7.6

SCOLIOSIS PRESENT ON RADTOLOGTCAL EXAMTNATTON (NO. CASES)

Age group (yr)

< 2-5

>2.5-<5
>5 -<10
>10 -<15
> 15 - <20
>20

Table 7.7

SCOLTOSIS OR KYPHOSIS PRESENT ON CLINICAL OR RADIOLOGICAL EXAMINATION
( trro. CASES ) *

5 / 11 (t+6%)8/10 (BO%56 /79 01%)

Type I 0IType Ifï 0IType III/IV 0I

* A combinatj-on of the data in tables 6.20, 7 .6 and 7 -5. Each case
is counted once only.

I

Present Absent

6 10

62
6-
10

5-
2-

2

1

AbsentPresent

1

1

't

1

1

1

AbsentPresent

1

I

Type fII/rV Or Type IfI OI Type I OI
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Patj-ent LL7 at age 33 years showed no kyphosis or platyspondyly,

but some scoliosis. Some lumbar vertebral bodies had collapsed-

In addition, there was a fracture through the laminae of C2, and

also these laminae had fused to those of C3. It was unclear as

to whether the latter was a congenital or acquired anomaly- Case

118 showed mÍld platyspondyly only at age 5.2 years. The

remaining patient (no. 119) at age 1 year, showed mild

thoracolumbar kyphosis and platyspondyly on the lateral view and

mild scoliosis on the ÀP film.

Discussion

The incidence of kyphosÍs and scoliosis as Judged from clinical

examination was presented and discussed j-n section 6'7 '2'2'

Although the presence of these deformities is more accurately

determined radiologically, to judge their incl-dence from

radiographs in the present series is obviously biased by the

availability of appropriate films. on the other hand, patients

with spinal deformÍties would have been more tikely to have had

radiographs of the spine taken. In addition, Ít should be noted

that a comparison of appendix 6.1 under the heading 'spine' with

appendix 7.L under the headings 'kyphosis' and 'scoliosis'

reveals some inconsistencies. In Some cases, these can be

attributed to the fact that the clinfcal examination of the spÍne

(appendix 6.1) took place after the date of the radiographs

(appendix 7.L), so that some or more deformity could have

developed in the intervening period. Thts applJ-es to cases 8,

20, LOZ and LOA who had no deformity on early radiographs, but
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Iater had it clinicatly and cases 47, 52 and 68 whose deformity

had increased. In cases 4, 72 and 73, mfld kyphosis was

overlooked clinically; alternatívely the kyphosis noted on the

radiograph was positional. Case 78 reptied by questionnaÍre and

reported no spinal curvature, but mild scoliosis was seen on the

radlograph. In only one case (22) was there an obvíous error in

clinical assessment; clinically, no spinal deformity was noted at

26.2 years, but mild kyphoscoliosis was present on the radiograph

at 7.8 years, and it seems untikely that thLs would have

corrected ítself. In a few other cases, there was a minor

discrepancy in assigning the severÍty of a curvature. None of

these lnconsistencies was corrected for ín tabte 6.20 whÍch

refers to clinical findings on1Y.

In table 7.7 (see page 372) is presented a combination of the

data in tables 6.20, 7.5 and 7.6 (derived from appendices 6'1 and

7.L; no case is counted more than once). This gives an estimate

of spinal deformÍty found on both clínical or radiologfcal

grounds and is like1y to be a more accurate representation of its

true frequency. SpÍna1 deformÍty affected 7L* of patÍents with

type IIL/ÎV OI,8O8 with type III OI and 46t with type I.

platyspondyly Ís a weII known accompaniment of osteoporosÍs and

results fn the biconcave deformlty known as tcodfisht or rhour

glassf vertebrae produced by the pressure of the normally elastic

nucleus pulposus on the abnormally soft bone of the vertebral

body (McKusíck, Lg72). Platyspondyly is common Ín both mild OI

(Quisling et aI., LgTg) and severe forms (smlth et aI., 1983)-
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The sacral deformities noted in the patients with type III/MI

have received litt1e mention previously, as have subluxation or

spondylolysis of vertebral bodies. Smith et al. (1983) cite a

case of míld OI who developed spondylolisthesis secondary to

stress fractures of the pars interarticularÍs. SpondylolysÍs and

spondylolisthesis could give rise to serious neurological

complications, especially ín the cervical regÍon.

7 .6.2 Elongation of the pedicles

It has been suggested by Versfeld and his colleagues (1985) that

elongation of the pedicles of the vertebrae may be a sÍgn of type

III (recessive) OI. lùe examined lateral spÍne radiographs of the

patients for thÍs sign. The pedicles were of normal length in

all cases with available lateral spine radi-ographs taken at birth

(see above). Long slender pedicles stere seen postnatally in one

of 2 patients with type I OI and in 9 of 15 patients with

sporadic type ILL/IV OI, as early as 10 months of age (figure

j.LO, appendix 7.L and table 7.8). (CervÍca] spine fíIms only

r¡rere available in 2 other cases ( 19 and 47 ) and were normal ) '

The sign r.ras mainly confÍned to the lumbar vertebrae as noted

previously (Versfeld et â1., 1985). In one case (39) dorsal

vertebrae were also affected. In al]- cases with long pedícles,

the corresponding vertebral bodies vtere abnormally flattened wfth

a concave scalloped appearance of the posterior edge of the

vertebral bodies. It was our ÍmpressÍon that this scalloped edge

contrÍbuted to the long appearance of the pedicles (figure 7.LL)'
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TABLE 7.8

ELONG TED PEDICLES OF THE SPINE (NO. CASES)

No tient with type III had a nadiograph suitable flor evaluation of the pedicles, unfortunately.

Age
(yr

roup
)

CÞ

< 2.

>2.

>5

> 10

-<5
-<10
-(15

-<20>1

Type III/MI

Present Absent

'l

4

1

1

13

1

3

Type III OI

Present Absent Present

TYPE T OÏ

Absent

1

1



Figure J.1 1

A diagram to show how scalloping of the posterion edge of lhe vertebnal
body enhances the lmpresslon of an elongated pedlcle on a latenal radio-
graph of the sPine -

antenlor no scalloPing

poslerior

vertebral
body

Pedicle

scalloplng makes lhe Pedicle look
longer
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In case 73 wÍth long pedicles (at 13 months), a birth radiograph

showing normal pedicles was avaíIable. Thus, it was possible to

confirm that the sign had developed with tÍme, suggesting that it

!,ras a deformity rather than a congenital malformation. In the

type T.LL/IV group there was no association of scleral colour wíth

elongated pedicles (p 0.9 0.95, see appendix 7.2).

Unfortunately, the type III OI group could not be evaluated for

elongated pedicles; Ín only one case ldas a lateral view available

but the pedicles were not clearly vj-sible.

The patient with probable type I OI (case 119) and elongated

pedicles was not seen by the author but was short (-4.03 SD) with

deformitj-es of the femora and mild kyphoscoliosis. Her sclerae

were reportedly 'pale blue'. It could be argued that she should

be classifíed as tyPe IIIIMI.

Discussion

The data does not definitely rule out the possibility that the

sign of long pedicles predicts recessively lnherited OI. The

author and her colleagues believe, however, that it seems

unlikely given that the si-gn may occur in mild OI, that it

probably develops as a secondary phenomenon and that it Ís not

necessarily assocÍated with pale blue sclerae.

7.7 SkutI

Multiple ülormian bones ( smaJ.l irregular bones in the sutures
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between the bones of the sku1l) were present in all cases whose

skull radíographs at birth v¡ere avaiJ-abJ-e, including 2 patients

with type I oT. , 4 with type II I and 27 wíth type LIT / M I

(figure 7.L2). Postnatal skuJ-J. radÍographs again revealed that

all cases had trlormian bones (3 type III OI, 26 type LIf/fV and 1

type I OI case) except for one type I OI patient (case LL/) who

had no lüormian bones, êt age 35 years.

At birth, the skull shape was usually normal, except ín 2 type

IT.Î/IV sporadic cases, of whom one (case 20) had an asymmetric

skull shape and the other (case 32), who presented by the breectr,

had brachycephaly. Many patients gradually developed skull

deformity with frontal bossing, temporal bulging and platybasia

wÍth an roverhanging occiput' (figure 7.13a). PlatybasÍa is

present if the skull base ís below a horÍzontal line drawn from

the hard palate on a lateral víew. PatÍents who spent much of

their time in the supine position tended to develop brachycephaly

(fj-gure 7.13a). The following cases demonstrated postnatal skull

deformity: 2 of 3 type III cases and all of 26 type T.IT/IV

sporadic cases, beginníng aS early as 6 months of age (appendíx

7.L). The deformíty progressed, often resultÍng Ín an extremely

misshapen skull (figure 7.L3a and b). In the type I OI cases,

only two postnatal skuJ.l radiographs ltrere avaílable which showed

brachycephaly at 20 months (case 111) and no deformity (case LL7)

at 35 years, respectivelY.
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Figure 7.L2

Case 32 (type III/IV OI), aged 5 days, sku1l (Iat.)-

Note multiple !'Iormian bones.
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Figure 7.13(a)

Case 66 (type IIIIIV OI), aged 4.8 yr' skull (Iat.).

Note platybasia, overhanging occiput and brachycephaly ( the
patieni couf¿ not hold his head unsupported). Multiple $lormian
bones rârere present but do not show well on the photograph.
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Figure 7.13(b)

Case 66 ( type T-II/ IV OI ) , aged 4. B yr, skull ( AP ) '

Note severe skul-I deformity resulting in a 'Tam-O-Shanter' shaped
sku1l. The line has been drawn in to indicate the boundaries of
the skull.
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Discussíon

WormÍan bones, aISo known aS Schaltknochen, intercalary and

intrasutural bones, a¡:e named after the Dutch anatomist, Olaus

vtormius who described them in L643 (quoted in cremín et ê1"

Ig82). Cremin et aI. (Lg82) noted that although a few üIormian

bones arranged in a linear fashion were common in the young

child, none of 5oo normal children aged from one month to 10

years had more than 10 üIormian bones, whereas all of 81 patients

with unspecified forms of OI from birth to 70 years had more than

10 !{ormlan bones, each greater ttran 6 mm by 4 mm arranged in a

mosaic (rather than a linear) pattern. onty one patient Ln the

present series had no v,Iormian bones, a 35 year old female with

type I OI. smith et aI. (1983) observed that the skul1 may be

completely normal in miJ-d OI.

Cremin et a]. (Lg82) pointed out that lrlormian bones are normal

developmental structures but that those seen Ln oI are

'dysplastic' sutural bones indicative of an underlying disorder

of bone growth. Abnormal lrlormían bones also Occur in other

disorders, such as cleidocranial dysostosis, cutis Iaxa wíth

skeletal and genÍtat abnormalfties, fetal aminopterin and

methotrexate syndromes, Hajdu-Cheney syndrome (acro-osteolysis)'

Menkes disease, oto-palato-digital syndrome type II and

pyknodysostosis.(ThislistístakenfromtheLondon

Dysmorphology Database (lÙÍnter et aI., L984r, which also names L2

other Índividually rare conditions in which hlormian bones were

reported ) .
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AbnormalÍties of skull shape are well recognised in all fOrms of

oI. These consist of temporal bulging, frontal bossi-ng and an

overhanging occiput which causes enlargement of the craníum and

dif f iculty 'getti-ng hats large enougtr to f it ' in adults

(McKusick, Lg72). Platybasia (also called basilar invaginatlon

or basilar impression) results from softening of the cranium, So

that the upper end of the cervical spine appears to have pushed

the floor of the occipÍtal bone upwards. This' together with the

other deformities, gives rise to a mushroom appearance of the

skull on a lateral radiograph which Apert (L928) referred to as

,crane a rebordf and Nielsen (L942) called 'soldÍer's helmet' or

'helmet head'. Tam-o-shanter' skull is another commonly used

comparison. These abnormalities are more common in patlents with

severe oI (McKusick, Ig72) as was noted herein and may begin as

early as 6 months. NeurologÍcal complJ-cations and hydrocephalus

secondary to platybasia may occur (discussed in section 6'7'L2)'

7.8 Mísce].laneous ske].eta]. abnorma].ities

Various other skeletal defects were noted but the frequency of

these cannot be assessed from thís series'

7 .8.r Pseudoarthroses

pseudoarthroses vrere see,n in 6 patients with sporadic type LT-l/rv

OI Ín a variety of sites (table 7.9 and figure 7'L4a and b)'

Another patient (case 31) showed non-unlon of a fracture of the
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Table 7.9

MISCELLANEOUS SKELETAL ABNORMALITIES

Pseudoarthroses

6

40
47
51

5B

73

TII / TV
]IIlIV
IIl / IV
ITI/IV
III/IV
III/IV

Clavicle
Radius
(L) humerus,
(L) femur
(L) humerus
(R) femur

22.3

femur
?

?

?

?

6.6

Hvperplastic callus

85 Irr/rv (R) femur 4.3

Cross-fusion of paired bones

40
B5

11 5

ITT /TV
III / IV
I

(R) ti-¡ia & fibula
(L) radius & ulna
Tibia & fibula

13.8
11.1
39.6

Joint dislocation

2
23

39
41

IIT / IV
rII / IV
rrr/ rv
TÍT./IV

(R) radial head
Bolh radial heads
(L) radial head
(R) head of humenus

17 .8
13.2
5.6
25.8

Case no. Type of 0f Bone(s) affected Age when nobed
(yrs )
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Figure 7.LA(a)

Case 47 (type II-L/IV OI), aged 2-3 yt, left femur (AP)'

Note non-union and peudoarthrosis of left femur'
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Figure 7.14(b)

Case 47 , aged 5.7 Yt , Ief t femur ( AP ) -

Note the pseudo-arthrosis has persÍsted.
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tibia between 6.3 and 6.8 years, which may have developed into a

pseudoarthrosis later (figure 7.4).

Discussion

Foltowing a fracture in oI, apparently normal callus formation is

seen radiographically (Falvo et êI., L974) and healing of the

fracture usualty proceeds normally. Non-union of fractures with

subsequent formatíon of a pseudoarthrosis appears to be rare in

OI but it probably occurs more commonly than in normal children

(smith et ê1., 1983). À predisposing cause in oI could be

repeated fracturing through the same site before healing is

completed.

7 .8.2 Hyperplastic callus

Formation of a large, hot, painful hyperplastic callus was

reported by only one patient (case 85), a girl with sporadic type

IIIIIV OI, Ín whom it developed in the femur at 4.3 years of age

(figure 7.15). This patient v¡as not seen by the author but the

parents reported that She had dark blue sclerae at birth' whích

faded to pale b1ue.

DÍscussion

Much has been written about this unusual phenomenon (Strach,

1953; Smith et â1., 1983). In general, males with white sclerae

and no family history of OI are saÍd to be most frequently

.lr
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i "igure 
7.15

Case 85 (tYPe TTL/IV OI)'
aged 4.3 Yr, femur AP.

Note hyPerPlastic callus
at the lower end of the
femoral shaft.

Figure 7.L6

c (type fir/TY OI),
right tibia and

Note cross-fusion between
the tibia and fibula.

ase 40
L4
a

aged
fibul )(

y1
AP

þ
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affected (King and Bobechko, I}TL) but Bauze et al' (1975 ) found

an Íncidence as high as lQt of cases (4 of 42 cases) and these

comprised 2 parent-child pairs wÍth severe oI. The femur is most

commonly affected; in a review of 15 reported cases, Stracfi

(1953) noted that 22 of 33 bones involved were the femur' The

cause of the phenomenon is unknown. clinically, confusion with

osteogenic sarcoma can arise but the tatter is rare ín oI and the

two are radiologically distinct (smith et a1., 1983).

7.8.3 Cross-fusion of paired bones

cross-fusion between paired bones had occurred ín 2 patients with

type [IT/ÍV OI and one with type I (tabte 7.9 and figure 7'L6)'

This phenomenon has been sald to result from ossificatíon of the

interosseus membrane and may affect up to lot of patÍents with

severe OI (Smith et aI., L983).

7 .8.4 Joint dislocation

Dislocation of one or both radial heads at the elbow was seen Ín

3 índividuals with sporadic type LIL/rV OI (table 7'9)'

Dislocation of the right humeral head in case 4L with sporadic

type II,T-/TV OI was aJ.so noted-

Kíng and Bobechko (Lg7L) (using Seedorff's classification of OI)

noted that dislocation of the radial head was present in L4* of

patients wÍth congenital fractures, 27+ with fractures begÍnning

!i

U
1È

.l

tl

I

I

t
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in the first year and l1t who first fractured after 1 year.

Joint dislocatÍons tùere discussed Ín section 6.7.5.2.

7.8.5 Other

An unusual abnormality seen in a patient (case 103) with type III

OI at 16 years was pointing and erosion of the termÍna1 phalanges

of the toes. Sillence et al. (1986) noted 'broadening and fine

cystic changes at the end of the metacarpals and phalanges' in

patients with tYPe III OI.
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POSTSCRIPT

Duríng the time of the study and its wrÍting up, much biochemical

and molecular evidence accumulated to suggest that parental

gonadal mosaÍcism may account for many of the recurrences ín sibs

with type II perinatally lethat OI born to clin5-cally normal

parents. There Ís no reason to Suspect that this wíII not also

apply to some cases of severe progressívely deforming oI, whfch

have been called recessive type III cases to date' In an ldeal

world, the collagen defect (or the mutation) in each 'sporadÍcl

case would be identified, enablíng precíse recurrence risk

figures to be given. FamilÍes with autosomal recessive or

dominantly determined oI could be distinguíshed and the latter

divided into cases wÍth fresh germ-line mutations or those whose

parent harboured a mutation in the gonad. In the real world,

however, such a scenario is unlikely, for two reasons' Ffrst'

the large amount of work involved in characterising the defect in

individual cases might make such an exercÍse impractical,

particularly in areas without access to the appropriate

laboratoríes. Secondly, in sporadic cases found to be due to a

Ìreterozygous defect, the actual mutation would have to be

ÍdentÍfied in order to look for it in father's Sperm or ín other

parental tissues. Proving maternal gonadal mosaicism may be

impossible, owing to the relatÍve inaccessibility of the ovaries'

Thus the empirical recurrence risk figures derived ín the present

study wiII always be of value in offerfng genetic counselling to

families of severe fsporadÍcf cases of Or'
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The detal-Ied clinicat and radlological data documented for each

patfent wilI also allow further clinÍcal and biochemÍcaL

correlations to be made in future, should any of the cases be

shown to have particular molecular defects'
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Appendix 1 .1

MILESTONES IN THE HISTORY OF OI AND SOME SYNONYMSI(

ù)
=

1 788

1831

1 835

Ekman 0J Used term rosteomalacia congenitar First description of hereditary bone fragility

Axmann E Described the disease in himself and his two
brothers. Reflerred to blue sclerae.

Lobstein JGCFM Used term rosteopsathyrosis idiopathicar
Term rLobsteinrs diseaser has been used
to describe 0I in adults

Described the disease in adults. In the French
Iiterature, the disease is called rMaladie de
Lobsteinr.

1849 Vrolik W Used term rosteogenesis impenfectar Described disease in a newborn baby'.
rVrolik?s disease' has been used to
describe osteogenesis imperfecta congenita.

1859 Ormerod EL Used term rmollities ossiumÌ Described a man and his two children with soft
bones, severe deformity and fractures.

1862
-1865

1 889

1 896

1 900

GurIt EJ Used term rfragilitas ossiumr

Stilling H

Spurway J

Eddowes A

rSpurway rs diseaser

rEddowes' syndromer

) uottr used to
) describe brittle
) bones & blue sclerae

Histologic studies

Described blue sclerae with bone fragility.

Described blue sclerae. Suggested that 0I is
generalised hypopl-asia of mesenchyme.

Date Author Synonym Comment



Appendix 1 .1 (contd. )

L^J
\o¡

Synonym CommentDate Author

1 905 Porak and Durante

1906 Looser E

Periosteal dysplasia of Porak and Durante
(Maladie de Porak et Durante).

Proposed terms 0I congenita (0IC)
and 0I tarda (0IT).

t van der, Hoeve t s ' syndromet has been used
to describe brittle bones, blue sclerae
and deafness.

Both used term thereditary hypoplasia
of mesenchyme' in mild 0I with blue
sclerae.

Used terms 0I congenita (fractures before
birth), 0I tanda gravis (fractures at, or
soon after birth), 0I tarda levis (first
fractures in later infancy ) .

Term used in French literature to describe severe
Iethal disease.

Defended identity of 0I in children and adults,
an idea first suggested by Schmidt in 1 897.

Described deafness. as did Dent (1897, quoted Belt
(1928).
Ernphasised brittle bones, blue sclerae and deaf-
ness as a syndrome.

Histologic support for the view that 0I is
rhypoplasia mesenchymialisr and described dental
histology.

Documented the dominant inheritance pattern in
many pedigrees.

Reviewed 180 patients from 55 families in Denmark.
Classifieation of cases by age of presentation and
severity. Proposed that fractures, blue sclerae
and deafness $tere inherited independently but were
due to ! closely linked genes with dominant effect

Adair-Dighton CA

van der Hoeve J
and de Kleyn A

1920 Bauer KH

1912

1918

1926

1928

Key JA

Bell J

1 949 SeedorflfKS
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Appendix 1.1(contd. )

x Adapted from McKusick (1972), Smith et at. (1983), WeiI (1981)' Sillence et aI. (1979a and 1979b).

1 958

1961

1956

1 964

1967

1979f
1 9B4l

1975
to
present

Date

Caniggia A et al-

Smars G

Komai T et al.

Cocchi U

Ibsen KH

Sillence D0
et al.

Penttinen et aI.

Author

Sillence classiflieation
of 0I.

Synonyrn

Extensive population studies in lta1y, Sweden
and Japan respectively. Concluded thal all
manifestations of 0I result from variable
expressivily of a single dominant gene. BeII
(1928) (see above) concluded likewise in a

large UK study.

Proposed that genetic heterogeneity underlies
the clinical speetrum of OI, with fhe existence
of autosomal dominant and recessive forms with
over-Iapping clinical features. Proposed class-
ifications of 0I of which Sillence et aI. is
most useful.

Found altered collagen production in cel1
strains from patients wibh 0I. This manked the
beginning of the rbiochemical erar of investi-
gation of 0I. This is discussed in section
1.9.

Comment



Appendix 1.1 PROTOCOL FOR INTERVIEI,IING THE PATIENTS

ûJ
ro{

PROBÀND

HISÎORY

PREGNÀNCY

NormaI

DEu9s

ÈlovementE

Prenatal tests

No. previous X-raya

DELIVERY

Place

cestati@

Durðtion labour

BW

Birth OFC

Àppearance aÈ birth (eq

Àlcohol

PIuid

Cigarettes

Birth length

PreseD!ation

Hode alelivery

Resus citaCion

fàce Iitrrbs (bowcd,/short)

YES,/NO,/?Lægs rcre ètfecLed than arns

Fractures at bi.rth

Àge at diàqnosis

Frèctures since birt.h

by

No.

sÍtcs
f rcqua nc).

L|,'
NÀüE

INFORHÀNT

}IHERT SEEI¡

GP

ÀDDRESS

SPECIÀLIST

ÀDDRESS

R'ECORDS ÀT

I,IEHSER BBS

ÀSCERlÀINMENT

ÀDDRESS

DÀTE

NEONÀÎÀL X_R¡,YS

DÀTE JOINED

('lSCLEUE: àt birth

? variable
parent noted lalter spontaoeously

easy bruising lðxity

laxity
di s locations

sites
treètren t
outcore

YES,/NO

SKIN:

JOINTS:

HERNIÀE:

HEÀRT MURMURS

EYES: va s ton
squi nt

assessed by

HEÀRING:

SWEÀTING:

EPISTÀXES:

TEETH:

àssessed b)¡

lst dentition 2nd deôtitior-
time eruption
qual i ty

DSVELOPMENT: rctor
stæech
edlucati on

uork

GENERÀL
HEÀLÎH:

coments
RTI
appetite
vomi ting

cons t ipa Èion

OTHER
ÀNO¡4ÀLIES:

* TREÀTMENT.

PEDIGREE: I Pðrental consanguiÞit)'
MàLernal infertility

Stil.lbirth miscarriage

ÀlI lst, 2ôd, 3rd degree rel-

2nd dcg. rel: ht
no if:
sclcr¿ê
h(i:rif,.



Appendix 3.1 (contd.)

(¡)
rc)
@

SeçI¿lli

l. PEobIeE of having OI or having chiltl with OI-

Peoret€E

PREVIOUS GENETIC ÀDVICE

(3)

2. Àiils uei!;

supplied b)':

3- Support froû:

,t, Holi¿lays/yr:

tlhere:

Slìi nc:

hov reasured:

normal/àbn - no rma L /abn

oFc:

oPEN./cl¡sED

&t

Nails: Hair:

Fontane I les:

sclerae:

Squint:

voice:

TEElH

YEs./No triùgular fðce
YES./NO proninant jaú

YES,/NO

cm/Dot possible
nornal,/èb¡.

tæÍ.E

Left

IC

Sg=severe boving)

Left

YESlNO

normèI/abn

yEs,/No

YES,/NO

EXÀ}IINÀTION

¡æn9th:

sltrlng height:

UpIEr arn
Louer arm

'Palse elboul
Heèsure R arn
Hànd shape

descri.be if abn.

reasure l{F

MP and pôlm

upper leg

Lower leg

Foot shâpe
describe if abn.
mcèsurc (sole ènd B-T)

!-hèst :

colour:
Shape;
Position:

brm/opalescent,/norma I
irregular,/nomI
irregular/normI

Íeight:

FÀCE broaal foreheà¿l
f¡.at FxiIIae
Co@nts:

EÀRS: Shape:
I€ngth :

T.H.S-

EYE MEÀS. OC

LIHBS (Eercvè clõthes)

(s=sÈraighÈ. MiB=nild bowing

Right
Right

IP

MoB=rcfi. bosiog,

Ri. oht



Appendix 1.1 (contd. )
JOINT LÀXIÎY

ÀcCi ve

Âble to extend

DrP > lgoo
prp > taoo

HP ) 2ooo

Thmb

rp > raoo

uP to 9oo

Passive (rest foreðrn
Extend

DTP

P¡p > l8oo

irp ) 9oo

?hûnb or foEearn

Extend

wrist ) 9oo

Elbov >lgoo

Knee )l8oo

¡nkle ) 90o

(sr
NÀME

OT ER

RiohÈ Left

Por- :

(¡)
ro
\o

flat)

skin laxlty: Bèck of R hand :

Bruises ¡

cð rfli ô c:

Pube r Èy :

Other ðnonèlles:

My diagnosis:

Photograph probènal:

El-99È probènd¡ sibr; {no):
Sk_¡j: specircns sent to:

FH

Y,¿

4

oFc
Sclcr¿c
TM, s

Skin làxi ry
Bruising
Heàrt
leeth
Jt. laxi tv

èS!¡Jg ex orp > rsoo
. prp > leoo
" MP ) 20oo

thNhb" tp > l8oo
" uP) goo

Paìsive ex D¡p
p¡p )tgoo
t'rp ) 9oo

Thub on f . êrm
ext. vrist > 9oo
ext. elbow >lBOo
ext. knee TfaOo
ext. ankle > 9Oo

Other

HT

t{r

axi t)¡

NO. frôcLurcs

PLÀCE O

R L RL R L

SI

R L RL

X-rays:



Appendix 3.2

Colour on palnt chart

Noùe:

Seorq InLerpr"etat'ign

0 ïlhite
Very paLe blue

nsrmaJ"
0-1

f Pale blue

1-2. Moderate.blue

2

r-> 3 Deep b).ue

3+

Although only J shades of bLue !¡ere used, occasienally a seore midway
bethreen 2 oolours !{âs recorded and this was f ntenpreted as ehqb¡n.

'Very pate bluer was between rwhibe' and 'pale blue'.
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' Appendix 3.3 QUESTIONNATRE SENT BY POST TO GEOGRAPHICALLY INACCESSIBLE FAMILTES

PAEDIÀTRIC GENETICS

INSTITUTE OF CHILO HEALTH 2t

HEICKl ot trt* [-l

llck yhêth..-

lleasuæd stedtng

LIÍA æ TXG -

^rê 
the am bnê! ¡bentl

lrê fhê lcg bof,er rbentl

Descalbc (f f receaøryl -. .

fEs

operaÈlon¡ on lt¡bs ealroddrna y¿s 
l--l llo 

E
If operatlong ecrê to stralghten ll¡bs, tlck r.hlch part of lt¡b _

la[s Legs

teft rtght left riaht

IB
BRIÎÎLE BONE ST1JDY

Drs Pesùrey & It¡onpson

Hæ of lErad vho vas bom vLÈl¡ fractúes

Dàte of blrtl¡

Næ of IÞr6on ftlling in Èhle fom Ðd relatlonship egl rcther

Whidr year fll¡l you loin the Brittle Eone Soclêty
(write NÀ if not a reûber)

Èo
F

BrRfir HlsmRY (tfck which applies for each queEtion)

Has the blrth at full tem YES

If NO, state hd frany reeks early

NO

or late

DON'1 XNOI{

uppê. pa.t

Iocer pâr!

Absent

0R severe

Birth relght

Dial the leg bones aplÞar rbentr at birth? YES

Ditl the ôm b6ee aplEar .bentr at blrth? YES

FR\er1'RSS - l.rc f.actuFês presênt at blrlh IEB

NMber of fractures since birÈh - 0 - 4 yeèrs

5-9
¡.0 - ¡.4

S!!!3¡E (vhltes of rhe eye)

Colour at birth - D€ep blue

Pale blue
white

JOINl LAXIlY

lre the Jolnts Ye¡y f¡.exlble or,bendable, (also called ,double Jolnted,)
tEs 

l-l r¡ chr.tdh@d o"rv 
i-l

Nmber of fractures preæn! at blrth (approxlßteLy)

n
E
t_l

NO

NO

xo

tf
E

15-19
20-29
l0-39

DISABILIlI

Can thê person yelk Mlded

yalk ylth help

sit ùafdêd

Haa Lhe per€on eye. been able ¿o ,alk

1EÊTH

Discoloured or translucent fS

Hean o. chip easily IES

SCOLIOSIS (cürvatune of the spÌn€) PLEÀSE TICK

PresenÈ

I1 present, is it ¡ild

flEARING LOSS

NEVES

TES

tEs

tEs

IES

NO

NO

M)

NO

Colour now - Deep blue

Pale blue
White

NO

NO

Oon' , *not[

ÂB€ o¡ onseL if'kno!¡PresenL

Ahsenl

Left night
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Appendix 3.3 (contd. )

.EÀIEILEI¡¡T9NX.-

f,æ. aex, ðate of blEth of qLL brotlÊrs and sLsters.

Eås t¡e Dtìer haal dy oiscaBlèges? If so. how Enl', an¿l ln that
year(sl -

llæ, date of btrth of parent6

Àre tl¡e lEre¡t6 relêted? If Eo, hd eg/couainÊ

Stèt€ vho of the above have brlttle bdes. 1f ùy

¡fho els€ l¡ thê fÐlly has brlttle bonæ. if aoyone

tsese EelalignghÀÞ-to pqr:o! Ealeé gn-tÞlg fo!6

PbglgsEeEÈ I aro I alo not enclose a phoLograph of the percon
with brittle b6es, which I undlersÈand
wiII be reÈurned-
(Please c¡lte naoe and ag. vhên thot.o Ér
tako, on beck)f-R ts ctl a¿ G1rilÐ FßG:

Doctor (lf l¡dD) ......

1/

!èEC and aal¿lress of tl¡e chi l¿t. s fùi ty alætor

DT:

Slgnature -

tÞo
N

Àt vhlch hospltal?

X-rayg takeo aø after blrth can be obtained

Doctor (if leomÌ .. .. .. . - -1.

Àt vhlch h€pftal?

frd -

( PTO}



FORM FOR RECORDING RADIOLOGICAL DATA IN PERINATAL SURVIVORS

i -- *-- -

N¡¡¡E oo6 .kl|cs t1r^\-S

xßa-5¡ côprÊò ù,{ñÉ AC-G

Èo
(¡)

osf.eo -
?oqosts

-rft þ

côÊßse
TEâgEC

l'*' ** Jt¿^cl>¡ laOqrJ

b:!s-ut.*q

Â\o-o tùs i

S erF\€

I S

^q€
0^rexf-A\ò¡ co pr€ù

P€Lv T 5

9A On{éß-

Losrc¡ Co¡r€J
Defo(t¡â\1,

-r+'++
È)c(o ß Ñ,,

- ,+ )1+

CHGIî
\^/s

SFqug

Pß

F(-ecn¿kei êrç

ÊrRôr

Cbi¡ue c'rrS :



APPENDX( 5.1

Family data

Table no.
Thesis
seclion

TIPE IrI/
rV SPORADIC

OT

1

2

3
4

5
6

7
B

9
10

11

12

13

14

15

16

17

18

19

n
21

2.
23
2t+

ö
26

27
28

29

30

18 mbh

5w

18 mth

2W,
18 nth

5.4
5.2.4

24-58 26.67

33.25 31.5

27.92 30.42
24.0 26.67
25.58 30.5
21.O8 21.75
z)r.75 41.67
23.0 25.75

30.42 34.17
19.0 23.0

28.75 21.25
26.58 26.67
27.17 34.0
25.0 25.92
19.25 2\.25
32.33 39.08
25.92 28.33

30.17 n-92
28.17 26.17

30.25 23.08
27.17 29.92

34.0 36.67
38.08 39.5
27.42 41.0
28.92 p.58
32.83 35-5
36.67 35.92
19.33 28.58

24.92 4.5
28.25 n.92

5.6
5.2.6

S"r/E
E

E

wlG
l,I

E

E

Sc

E

E

E

Sc

E

E

Sc

E

E

E

E

ElTr
E

J
E/TI
Eth
E
E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

J
E

E

E

E

E

E

E

E

E

E

E

I'l
W

E

V¡lSc

E

5.5
5.2.5

5.1 - 5.3, 5.5
5.2.2, 5.2.3, 5.2.5

.loo
oo oa.J
NTnloo
ú o at
o
oo
¡l '
I
oo
o
N.O¡-'o otr. . øa
trr
o
ol
o
Iõo o ú¡Úo"o
o....Bl
úo
I.ool
ú.1
*oo ¡
oo

no
Case Parental açs

at birth of
first affected
child

MF

conceivilg
Delays in Ethnic

origins

MF

sibships, niscarriages &

consarguinity (C)

404



APPn{Dü 5.1

Family data

!o

- 5.3, 5.5
.2, 5.2.3, 5.2.5

¡ro. oooa
o ro
NIo !otrorrO¡oo¡o¡oo
tr oo
ç' O.J.tloa

5.1
5.25

EE
EE
EE
EE
EE
E]-r
Sc Sc

EE
EE
EE
EE
EE
EIr
EE
EE
Po Po

EE
Fi'/Ca E
EIG E

EE
EE
EE
W/E/ E
C^

EE
EE
EE
EE
EE
EIr
EE
EE
EE
EIt
EE
EE
EE
Fþ/E E

5
2

5

5
5.6
5.2.6

22.Æ 31.92
23.42 27.33
26.ö 26.0
26.75 28.33

38.08 33.5
26.58 30.17
26.33 26.08
26.08 23.42
25.33 2..92
28.08 31.83
28.92 30.92
35.42 33.75
28.08 30.Æ
25.67 30.67
37.58 40.33
28.17 35.5
34.83 \o.25
32.33 40.83
21.0 21.08
25.42 31.08
24.75 31.83
?2.ö 26.67

33.0 34.25

27.83 29.75

31.75 33.5
21.42 30.42
34.67 37.08
?2.42 23.33
29.75 53.0
29.25 32.\2
23.92 23.67
28.67 36.58
Æ-33 2T.83
30.42 3.67
y.s8 p.33
35.17 p.75
34.67 36.67

IIr/w
OT

no

the sibshiPs, rniscariages &

consangulnity (C)

MF

Parental ages

at birth ofl
first affected
child

MF

Delays in
conceivirg

Case

no
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APPENDX( 5.1

Family data

Table no.
tresis
section

IYPE Tfil
nl
SORADIC
OI

6B

69

7O

71

72
73
74
75

76
77
78
79
80
81

82

83

84
85

86

87

88
89

3yn

2
,7

2

?

?

2

?

2

2

?
I
2

2
,2

5. )l

5.2.4

28.17 35.33
26.33 34.5
22.33 23.58
24.83 31.ö
28.83 34.0
2t.67 26.67
23.92 2\.67
31.0 32.67
n.5 n.42
30.5 30.58
30.42 32.42
38.58 48.42

33.83 9.92
33.5 22.33
æ.5 23.58
29.25 34.\2
25.33 32.67
24.42 30.92
?2.17 â.75
24.5 8.25
20.t1 17.6

3o.o æ.0

5.6
5.2.6

E

E

I/,I

E

Sc/E
E

c
c
c
c
c
c
c
c
C

c
c
c
l,t

fl
E

c
E

c

E

E

G

c
C

c
c
c
c
c
c
c
C

C

c
t'l

5.5
5.2.5

5.1 - 5.3, 5.5
5.2.2, 5.2.3, 5.2.5

o. o¡o
JO
El o.rn
3orz4

.JOtrÚrorúo¡a

.rn ¡o . or

no
Case Delays in Parental- ages

al birth of
firsl affected
child

FM MF

the sibships
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APPENDU 5.1

Famity data

109

110

111

112
113

114

115

116

117

118

119

TYPE I NEI'I

TION
25.75
24.â
19.75
2..92
28.25

3.58
33.33
3\.\2
?

36.92
27.\2

30.0
27.33
21.58

31.67
29.25
41.58
37 -58

36.0
?

36.17
ZT.5B

2

2

I
?
2

?

E

E

E

Þ
E

E

E

E

c
!,I

Sc

TelE
E

E

E

E

c
lt
e^

ElC-â.

E

Tt/At)

!oøatr¡o
rl
ooúo
o

on
Ba oaooofb

Table no.
lhesis
section

TYPE TÏt
RECESSTVE

OI
90

91,
o?

OF

97

98,
100,
101

102,
103

lõrf,
105

rõ6-,
107,
108

5* w,
18 mth

.4

2

?

5.\
5.2

1B

27.5

25.92

18

24.\2

26.33

24.5
26.0
26.25
1B

30-25
36.42
30.83
26

5.6
5.2.6

35.58
30.92

28.33
28.58

Jo Jo

EG

TL|E E

Pa

rd4
E

l-r

Sc

E

Fa

Id4
E

Ir
e^

E

trtr

5.2.5
5.1 - 5.3, 5.5
5.2.2, 5.2.3, 5-2.5

lc
O^f tr'lr'2 c
tt
O.-JOf,rce c

c

otr
O-}¡ I

no
Case Del-ays in Parental ages

at bi-rth of
first affected
child

the sibsh-iPs, rniscariages &

consanguinity (C)

FM MF

Ethnic
origins
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APPEX{DD( 5.1

Family data

TIA OI

no

124

125

126

127

128
129

130

131

132
133
134

t7)
136

137

138

139

140

141

142
143

144

145

146

1\7
148

149

120
121

1?2

123

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

5.4
5.2.)I

41

40

35.2
26.0
43.5
26-7
29.0
26.7
38.3
34.5
24.0
38.4
28.9
31.2
n.6
49.3
24.7
28.8
Tl -8
35.2
31.8
28.1

)o
19

34
23
26
28

9

1

1

7
6

0
1

7

31.9
21.4
18.1
21.3
19.5

31 .1

2\.3
37.6
25.4

26.4
41

39.8
43.8

5.6
5.2.6

2.1

30

35-7
27.O

36

33

32.4
y.9
40

36.1
27.9
25.2

?

38.3
41 .9
33.0

Pa

ISC

c
Pa

c
U

c
c

E

c
E

Sc

l/f

c
c
c
E

E

In
Sc

c
IxAr
C

Ta
c
E

E

tr:ls

Pa

5.5
5.2.5

5.1 - 5.3, 5.5
5.2.2, 5-2.3, 5.2.5

O "fo

?

o

a

r
a

?c

o
a

aOrroo.J

lJo.-.J.

no
Case Þlays in

conceivilg
Parental ages
at bi¡th of
flirst affected
child

MF MF

The sibshiPs, mj-scarciages &

consaneuinitY (C)

.'i
ìl.t
,'\

rl

I
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APPENDü 5.1

Family data

Table no
thesis
section

TYPE Iß OI

TYPE TIC OI

150,
151

152
153
154

155

156

157

158

159

160

161

162
163

164

1

1

1

no

b5

66

67

Delays in

?

?

?

2

2

2
,Ì

I
I

+

5.4
5.2.4.

Parental ages
at birth of
first affected
child

27.0 28.5
25.2 25.8
27.67 29.0

MF

23.67

23.9
24.0
21.5
19.58
20.8
26.1
27.2
13.25
18.92
16.4
22.58
27.5
26.58

5.6
5.2.6

26.0

26.8
,)

?

21.67
21.3
29.9
28.5
?

19.0
15.9
23.25

34.58
T.92

5.1 - 5.3, 5.5
5.2.2, 5.2.3, 5.2-5

ro
o.J
.Jt
-ftroor
o.JOr
anoP
tloP
.JÍoro

C

o or^fn

f.rt)
JropOr

the sibshiPs, rniscarriages &
consanguinitY (C)

Pa

Af
c
c

Af
C

C

E

I/,[
c/I,þ
E

Sc

E

!ùI
c
Sc

E

$c
E

Pa

E

c
ZJIî
Ne

E

Sc

E

l¡II
c
E

E

$c
E

MF

5.5
5.2-5

Ethnic
origins

.T

4l
'iÈ
I

I
I

I
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APPnÐü 5.1

Farnily data

Tabl-e no.

UNCI-ASS].

NATALLY

OI

fltABLE

?

?

?

?

?

?

?

?

?

.4

168

169

170

171

172
173
17|4

175
176

177

5.4
ç.2

5

5

6

2 6

36.5
18.5
28.6

39.75
24.5
23.5
?2.5

)1.7
29.0
?o7
49.7
22.33
3?.5
2

24.5
24.58

30.5

26.9
27.8
31.2

E

c
!,1

TSC

c
c^

c
c
E

c

E

c
W

ßc
C

Sc

c
c
E

c

5.5
5.2.5

5.1 - 5.3 S.S
5.2.2, 5.2.3, 5.2.5

¡ n^f

ÍoD. artro.to o. oo/?.tno¡ar
-fn!

trJn.r¡ o

no

Case Delays in
conceivirg

Parental ages
at birth of
first affected
child

MF MF

the sibshiPs, rniscarriages &

consargLdnity (c)

,'I

ri
¡

t
I

;
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:

NOTES FOR APPENDIX 5.1

Delays in conceiving

(-) no delay, (? ) unknown.

If there was a delay, the time taken to conceive the first child

is shown. Mothers of cases 30 and LO4/LOí experienced delays in

conception of two children each, the latter for her first two

children. Mother of case 163 had a time of infertility

(?duration) which resolved after she had an ovarian cyst removed

surgi-ca1Iy.

Parental aoes at birth of first affected chíId

M-mother,F-father

This has not been corrected for gestational age.

Ethnic oriqins

This gives the ethnic origins of parents of affected child' In

some cases, a parent has mixed origins, ê.9. for case L, father

is of Swiss and Englj-sh parentage.

Caucasian (C): Au - Australian, Ca- Canadian, E English, Fr

French, G German, Ir lrish, It ltalÍan, Po- Polish' Sc

scottish, sw - swiss, út welsh. If unknown, (c) Ís gÍven.

.'I
r'l

*

I

4LL



Non-Caucasian: Af African, Eth Ethiopian, In Indian, In/Ar

Indian,/Arabian, InM Indj-an Muslim, InS Indian Sikh, ISC

IndÍan subcontinent, J Jamaican, Jo Jordanian' Ne Negro, Pê

- Pakistani, SLC Sri Lankan Christian, WI hlest Indian, Ta

Tanzanian, Zj-m Zimbabwe.

u The sibshiPe

These are abbreviated pedígrees to show the sibship of the

probands.

! ma1e, C female, Q ."* unknown, twins, aOa affected

with OI, . first trimester míscarriage (mother of case 66 had a

second trimester loss), TOP - termination of pregnancy. Birth

order is correct except in cases I22, L25, l-4O, l-46 and 147 where

the order of the miscarriage is unknown. In cases 87, LzI, L24,

126, 135, I42, L44 and 153 information about miscarriages is

unknown. C indicates consanguinÍty.
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Appsdix 5.2

CulIIc¡L ¡{ANIIESIAIIOB IN PAREI|IS (}b. cases (f))

È
F(,

Foor Leeth

llistory of lrarirg
Ioss

Scin trypere-xtan-
sibility

Easy bruislng

Joi¡t laxity

Scleral coÌcrr

lhite )
Very pale) Ìbrval
blue )

ÞIe blue
ìbderate b\æ
(

Ìênifestaticn

Ì.b. e>cami¡ed

¡o. rra"tlrre(*)
0
I
2
?

7
ra fel¡
?

TotaL r¡c, F¡stt
palrs

IVpe of 0I

c (n=12)

0 (n=12)

(n=12)

1 (8.3)

(n=1 2 )

| (33.3)

(n=12)

6 (50)

(n= 14 )

]] tar.zr

2 (lq.3)

;-

lbthers

1lt

(n=12)

12 (iæ)

Fatlpns

14

(n=t3¡

10 (76.9)
1 (7.7)
1 Q.7)
I (7.7)

l8 1T

30

flpe IIA

o (n=r2)l
(n= 10 )
(10)

0 (n=12)

(n=12)

(8.3 )1

(n=12)

0 (0)

(n=12)

1 (8.3 )

(n=14 )

]2] tsz.er

I (7.1)

l6

0 (n=10)

(n=10)

0

(n= l0 )

(r{0)4

(n=10)

(10)1

(n=7 ¡

(q2.9)

. (¡t2.9)
, (ttr.3)

3l
0l

?,'
I

l4cthens

'10

(n=7 ¡

(57. I )
(28.6 )

4

?
1 ( q .3)

7

llt

l}pe IIB

I
1¡= l0 )
(10)

0 (n:10)

(n= l0)

(10)1(r)

(n:10)

0

(n=10)

( 10)1

(n=7 )

6l
1l

(lm)

7

Fatl'ers

10

(n=7 ¡

(71 .rr )
(rq.3)
(14.3)

5
1

1

7

0 (n=l )

0 (n=1 )

(n=1 )

0

(n=1 )

(n=1 )

0

(n=1 )

¡bthcrs Fabhers

1

(n=1 ) (n=1 )

1 1

?_2

3

llpe IIC

(n=67 )
0 3 (4 5 )o ("=r )l o (n=6) (n=6

(n=r )l o

I

I

(n=6 )

(n=l )

0

(n=1)

0

(n=1 )

0

(n=1 )

2

(n=6 )

0

(n=6 )

I (17.7)

(n=6 )

0

(n=5 )

5l
ol

( roo)

lbthers

6

1¡=6 )

( 100)6

q

l0

Ltnlâssi-
liable PNL

(n=6 )
r (16.7)

(n=6 )

0

(n=6 )

0

(n=6 )

0

(n=5 ¡

3l
0l

(60)

2 (rr0)

5

Fathers

6

(n=6 )

( 100)6

lt

(n=67 )
(1.5)

(n=67 )

(/r .5 )3

(n=67 )

(38.8)¿o

(n=67 )

(2.4)r5

(n: tJ,

26("l
17 1

(58.9 )

2\
6

16

(p.e)
(8.2 )

I'43Lhere

67

55
17

1

1

0
0
15

(n=7t¡ )

(74.3 )

Q3.01
(1.4)
(r.rr)

89

1!pe III/il sporadic

(n= 58 )
(r.7)

8
(n=59
(r3.8

(n=59 ¡

$.2t3

(n:)ö )

(6.9 )

(n= L,

(1!.3)q I

(n=56 ¡

(8.6 )5

(n=71 )

( *tt
qq

13

l
l (80.3 )

14

0
18

( 19.7 )

FabLers

5B

38
T
7
1

,l

I
tll

(n=75¡

(50.7 )
(3ó.0 )
(9.3)
(1.3)
(1.3)
(t.31

0 (n=7)

0 (n=7)

0 (n=7)

(n= L,

(28.6 )2

\n= I

$7.

(\2-

)l
I

t,j

e)l

I

(n=6 )

I ] <u:-r
( lt')

2
2

l
l

3

2

,l

3

( 16.7 )

f4cLhers

7

(n=6 )

(66.7 )
(33.3 )

l¡

2

3

9

'Ilpe III 'recessive'

0 (n=6)

0 (n.6)

0 (n=6 )

(n=6 )

0

(n=6 )

( 16.7 )

Fatl)ers

6

(n=6 )

(83.3 )
(16.7)

5
I

3

0 0 (n=tl )(n: ¡

0 (n=?)
(n=4 )
(ö)

0 (n= 0 (n=4 )

\n: /,

(71./.1)

(n=7 )

(28.6 )

(n=8 )

( )r+
2

3

3
0

3

(62.5)l

(37.5)

f4:thers

7

(n=9 ¡

(66.7'
(33.3)

6

3

?

11

I rew rutåtiorÌ

(n=4 )

0

(n=rl )

0

(n=7¡

lq\

2
(1m)

It

Fatl'Ers

4

(n=8)

(y.5)
(37.5 )
(25.0 )

3

3
2

3

(n= 109 )

3 (2.8)

1

(n= 109 )
(0.9 )

(n=109)

(3-? )rf

(n= 109

q2 (38.5)

) (n=96 )

l¡ (¡r.z)

(n=109)

26 (23.9)

(n=1 15)

[] ro:.sr

35

5t

(30.r¡ )
(6.1 )

l,bLhers

112

(n=1 15)

88 (76.5)
?\ (?0.9)
2 (1.7)
r (0.9)

5l

166

Total

(n=96 ¡

5 (5.2)

(n=96)

I (8.3)

(n=111)

1f] tu, 
'r

18 (16.2)

55

Fathere

99

68

33
11

?
'I

1

50

(n=1 16)

(58.6 )
(28.4 )
(9.5)
(1.7)
(0.9 )
(0.9)

(n-96

l0 (10.1'l)

2 (2.1)



Footnotes fon Appendix 5.2

PNL Perinatally letha1

? Unknown

Numbers in brackets are percentages of numbers known on examlned (n).

* In some cases where parents were not examined, information about
fractures was obtained from the family.

*n 7 mothers not seen by aulhor, but were reported nonmal by the famlly.

**n 14 fathers not seen by author, but wene reponted normal by the family.

ll 'l reported normal by family.

+ 1 mother reported lo have very pale blue sclerae by family.

s 3 fathers reporled nonmal by family.

I Described as rgrey-blue t.

I A SrÍ Lankan man.
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Appendix 6.1 ( n ars -44s) 
r

CLINICAL DATA ON CASES

Type III/I I

Cases 1-87
Cases 88, 89

Type III recessive 0I

Cases 90-96, 98-105
Cases 97, 106-108

Type I 0I

Cases 109-1 19

Type IIA OI

Cases 120-149

Type IIB OI

Cases 150-161
Caees 162-164

Type IIC OI

Cases 165-167

Unclassifiable PNL

Cases 168-177

PNS*
PNL

PNS

PNL

PNS

PNL

PNL
PNS

PNL

PNL

rr PNS - perinatal survivors, PNL - perinalally lefhal

In this appendix, cases are grouped as PNS on PNL, because there is
more cllnieal data for the PNS group.
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PERINATAL SURVIVORS (PNS)

Texu sec¿ion
Table no.

TYPE III/IV
SPORADIC OI

+
+

+
+
+

+

+
+

+

+

+
+

+
+
+
+

+

+

+

+

+

(rJ

"?

i
I

E1
ET
gl

ET
ET
E1

ET (T)

ET
ET
E1
ÞI
EI

ET
ET
ET
ET
tr1

ET
ET
LI
ET
Þt
ET
ET

ET
ET
ET(F)
ET
ET
ET
ET
ET
ET(F)
ET
ET(F)
ET
ET
ÈI
ET
ET
ET
ET(F)
ET
ET
ET

ET
ET

E1
ET
ET
ET
LL

ET
ET
ET
ET
ET
ET

1

2

3
4

6

7
I
9

10
11

12
r3
14
15

16
17
r8
19

20
21
2?

24
)q

26

28
29
30
3r
32
33
34
35
36
37
38
39
lt0
41
\2
43
44
45
46

47
48
q9

51
52
53
54
55
)0
57
58
59

3.2,6.1

D

D

D

N

N

N

D

?

N

D

D

D

N

D

N

D

D

D

D

N

N

N

N

D

D

D

D

N

D

N

D

D

N

N

N

D

N

I
N

?

?

D

I
N

N

D

N

?

D

N

D

D

N

N

D

N

?

?

I

M

F

F

M

M

F

F

F

F

M

M

F

F

F

F

F

M

F

F

M

F

M

F

M

M

M

M

F

F

r
M

F

F

F

F

F

M

M

F

F

F
F
F

F

M

F
F

F

M

M

M

M

F

F

M

M

F

v. .poor

v. Ilttle

ednoI

v. Ilttle

6.3
6.2

A)
6.1

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L

ó.3.4
6.5

6.3.3
6.4

?

?

D

?
?

N

?

?

N

N

N

N

D

N

?

N

D

D

N

I
N

N

N

N

?

N

D

N

?
N

N

I
I
?

?

?
N

?

?
?
N

N

1

I
N

?
N

N

N

N

N

N

I
N

?
?
N

3/40,30iq0)

6t\0,20/uo)

N

?

?

N

?

?

?

?

?

?

?

?

?

?

N

?

N

?

?

?

N(1
?

?
?

N

N

?

?

N(1
N

?
?

?

I
?

?

?
?
N(1
1

?

?

?

1

?

?

?

N(16/40)

40

40

40

N (16

?

?
?

?

?

?

N (20

8/

6 .3.2
6.3

Case no Blrüh X-ray
avellable

Data
collection

Fe¡al
movement

Sex AmnioUic
volume

Prenata]
u.s.s.

Llveborn,
st11lborn, T0P
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?

?
?

?

?

?
?
N

N

?
?
?
N

?

?
?
?

?

?

?

?

?

N

?
?
?

?

?

?
a

N

N

D

?
?

D

D

N

D

?

?
D

D

M

F
M

F

r
F
M

M

M

M

M

M

F

F
M

+
+

+
+

0
ET(F)
ET(F)
ET(F)
ET(F)
0
U

ET(F)
ET
ET
ET(F)
E1
ET
ET
ET(F)

6.2
6.1

M

M

F

F

F

F

M

M

F

M

M

F

F

F

F

M

F
M

M

M

M

M

F

M

F

F

F

M

+
+
+
+

+
+
+
+

+

+

(rl

??

(rl

(r,/

3.2,6.1

ET

tr1

E1

ET
ET
Þ1(
EI
ET(
ET
ET(
ET
úl

ET

a
a
o
o

o
a
a
a
o
a
a
0
0

F

F

F

ó¿
OJ

64
b>
66
6T
68
69

70
71
a)

73
74
75
lo
Ií
78

T9
80
81

ö¿

83
84
85
86
87

0
,l

L
L
L

L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
lr
L
L
L
L
L
L
L
L
L
L
L
L

6.3.4
6.5

6.3.3
6.4

?

N

?

N

D

N

N

N

?

N

N

?

N

?
?

?

?

?
7

?
?

?

?

?
?

?

?

?

?

?

?

?
1

?

?

?
,?

?

?

?

?

?

?

?

?

?

?

?

?

I

?

?

I
?

?

6 .3.2
6.3

squlrmed

?

N

?

D

D

N

D

N

D

N

N

D

D

N

?

?

?

?
?

?
?

?

?

D

?

?

?

ednoIl

neno

6.3.1
6.2

Sex
avallabIe
BirLh X-rayData

collec¡ ion
no Llveborn,

sttllborn, TOP

Amnlotlc
volume

Prenatal
U.S.S.

Feual
movement

PERINATAL SURVIVORS

Tex¿ Eectlon
Table no.

TYPE III/IV
SPORADIC OI
(conÈ. )

TYPE ITI
RECESSIVE OI

t
l

90
91
92
93
94
95t
96',
98.
ggJ

100
'l0 r
102
103
104
105

r brackels indicaùe slbs

(Nos.88, 89,97,106-108:- see PNL)
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PERINATAL SURVIVORS

L
L
L

I
N

N

?
N

N (10/l{0, 14/40)

N

D

D hardly any

F

F

M

+
+
+

ET
ET
ET

F
F

F

162
163
154

TYPE lIB CI

6.3.4
6.5

L
L
L
L
L
L
L
L
L

L
L

6.3.3
6.4

N

?
?
?
?
?
?
?

?
?
?

6.3.2
6.3

?

?

N

?

?

N

?

?
2
?
?

6.3-1
6.2

N

D

D

N

D

N

?
?
?

?

none

6
6

.¿

.1

F

M

F

M

F

F

F'

M

F

F
F

3.3

+

+

3.2, 6.1

É1

ET
ET
ET
ET
ET
ET
ET
ET

a

109
110
111
112
113
111¡

115
116
117
118
119

Text seclion
Table no.

TTPE I NEhI

I,IUTATION OI

Llveborn,
s9lllborn, TOP

Amniot ic
volume

Prenaual
u. s. s.

Fegal
movement

SexBirth X-nay
avai lable

Data
collection

Case no
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Llveborn,
stlllbonn,

PERINATALLY LETHAL CASES (PNL)

TYPE IIA OI
L
TOP
e

L
L
L
L
TOP

L
TOP
L
L
s
L

L
L
L
L
L
L
S

L
s
s
L
TOP
L
L

L
L

4L;

(

?
?

I
?

?

?

?

?

?

?

o

N

?

I
?

?

I
N

D

?

I
N

I
?

?

I

I
?

( 18/40 22t\O)

17 /\O)

)

)

)

40

)

40

(14/40)

q0

40

(16 I

3

I

G2

7

1

(-

(-

A

A

?

?
N

?
?
A

?

A

N
a

?
(

?
?

N

N

?

?
?
?
A

?

N

?
?

none

none

llttle,
uLterfl

?

?
?

?

?

?

?

?

7

?

D

?

D

N

?

?

?

?

D

D

N

N
a

D

?

?

?

D

D

?

M

?

M

F

M

F

M

M

M

M

M

F

M

M

I

F

F

M

M

M

F

F

F

M

F

?

F

F

M

M

I

I
I+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+

0
0
0
0
0
0
U

0
0

IY(F)
0
ET( F)
IY(F)
0
0
0
ET(F)
ET(F)
ET(F)
IY(F)
IY(F)
0
ET(F)
IT(F)

0
IY(F)

IY(F)
0

1?O

121
122
123
124
125
126
1)a

128
129
130

131
132
133
134

135
136
137
138
139
I lt0
1|l1
1\2
1lt 3
1lt 4
145
146
147

I ll8
149

TOP

L
TOP

TOP

?

N

N

N

A (-28140 )

A (-27 /\O)
A ( l 9+/40

?

D

N

?

?

M

F

?

+
+
+

F

F

F

0
ET
Þl
ET

*97
061
07l
08.1

TYPE III
RECESSIVE OI

6.3.4
6.5

S

L

6 .3.3
6.4

N

?

6 .3.2
6.3

?

?

,l6.3
o-¿

N

N

o -¿
6.1

F

M

3.3

+
+

3.2, 6 .1

IY(F)
0

88
89

TexL secti-on
Table no.

TYPE III/IV
SPORADIC OI

Amniot 1c
volume

Prena tal
u.s.s.

Feta]
movemenC

SexBirth X-ray
avai Lable

Data
collect ion

Case no.

I Brackets lndlcate sibs



PERINTALLY LETHAL CASES (PNL)

r Brackels Lndlcate slbs

420

s
L
S

L
s
L
L
L
L
L

D

?
D

?
?
f
T

?
N

?

?
?
A

1

?
?

?
?
N

?

(24l40)

?

?
?

?
D

?

?
D

?

none

F

F

M

M

M

F
F

M

M

M

IY(F)
IY(F)

0
ET(F)
IY(F)
0

0
IT(F)

168
169
170
171
172
173
174
175
176
117

UNCLASSI-
FIABLE
PERINATALLY
LETHAL OI

s
TOP?

?

?
A (-19l40)
?

?

?
?

M

F

M

+
+
+

0
IT(F)
0

165
166
167

TYPE IIC OI

6.3.\
6.5

L
L
L
L
L
L
L
?
L
L
TOP

TOP

6.3.3
6.4

I
?

D

?

?
,l

?
?
I
I
?

?

6.3.2
6.3

I

?

?
,l

,Ì

?

1

?

?
?

A (-23 /40)
(social TOP)

6.3
Ò.¿

1

?
D

D
,?

?

?

D

?

D

1

?
?

weak

churnlng

6.2
6.1

r
M

F

M

F

M

F

M

F

M

M

F

3 )

+
+
+
+
+
+
+
+
+
+
+
+

3.2, 6 .1

U

0
IY(F)
0
0
0
IY(F)
0
IY(F)

0
IY(F)

150- *
15 r'l
152
153
154
155
156
157
158
159
160
16r

Text seceion
Table no.

TYPE IIB OI

Amnio¿ ic
volume

Prenabal
u. s. s.

FebaI
movement

Bln¿h X-nay
evailaÞle

SexData
collect ion

Case no
Llveborn,
stillborn, T0P



PERINATAL SURVIVORS

6.7.1.1
Flg. 6.2

13.0
25.\2
3.83
? ÉQ

10 .0
22 .17

19.33
0.33
3 .08
18.17
14 .67
o .5ll
)a a"
16.83
23.25
10 .5

11,25
2.5
16'92
13.5
15.25
2.0
23 .17
\.67
39.67

7 .17
19.67
11.92
0 .58
0.25

20.17

20.17
54 .83
12.67
26 .17
27 -o8
9.75

5.58
21 .5
8.08
14.33
16.25
1 5.08
?.83
1r.83
16.75
0.67
r4.5
3 .08

6.5,6.7.1.1
6.15

3.83

:"

0.25
(11 wk)

ã.r

9.0

o.67

9 .08

6.\.2
b.lc

1 0-50

1 0-50

10 -50

.\.2

33

34- 5

:

:

:

32 5

6.\.2
6.r3

6.\.2

53

6.4.1
6 .12

3
<3

50
3- 10

50
3- 10
10
1 0-50
<3

3

3
3
10

3- 10

3-10
3
3- 10

3

<3

3
3- 10

50
1 0-50
3
3- 10

3

3-r0

<3

3- 10

3- 10
<3
1 0-50
<3
<3
1 0-50

3
90-97

1 0-50
3-10
10
<3

3-10
10

3-10
<3
<3
10
1 0-50
1 0-50
3-t0
<3

6.4. l
6. r 1

2296
2268
377 1

2750
3261
2637
2268
3062
2000
2325
2268
z\95
2693
2750
?693
2580
2792
2q38
2637
zo98
2608
r 871
36oo
3289
2500
2693
2155
2\95

1814
2665
29\8
2665
2060
29\8
2268
22\0
3416

2552
4012

3090
2948
2835
2070
2495
2495
2679
24 10
2\95
2693
3289
3175
)o)ñ
2325

6 .3.7
6.9-6.10

s
S

e

ò
S

?
e
e

Q

Uò

S

¡
2

F

S

ù
F

s
F
Q

cs
e
c

F

S
q

CS

F

S

S

s
?
?
F

S

?
cs
S(I
e

e

S

S

F

ò
s
s(r
s
F

s
F

)

)

6 .3.6
6.8

V

V

B

B

v
B

B

B

B

B

NE

V

FB

v
B

v
V

v
B

B

V

B

BE

V

v
B

v
B

B

V

?

B

V

v
V

v
V

B

B

B

V

v
v
v

6 .3.s
6.6,
6.7

38
40
\2
40

38
lt0

35
40

38
39
37
40

39
40
40
l{o
It0

40
40
ll0
40

3lt
lt0

40
40

39
37
JI

37
qo
ll0
lt0

'I40

40
4l
\2
40
lt0

38
1.¡o

40
\2
40

3T
38
36
40
40
¡t1

37
¡¡o

?o

\2
lt0

,l

3
4

5
6

7
I
9
10
't'l
't2

13
lll
15

16

17
18
19
¿U

?1

22
23
2\
)E

26
¿l
28

29

30
31
32
33
34
35
36
37
38
39
40
4r
\2
43
44
45
q6

\7
48
49

51
52
53
54
55

Texl section
Table no.

TYPE IIIl
IV SPORADTC
OI

Age at
the sludy
(yr )

Age et
death of
Ilveborns
(yr )

WelghL
(em ) centlle

LengEh i
(cm ) Cenþi1e '

0Fc
(cm ) Centlle

Mode
de1 ivery

Pnes. aC
del ive ry

GA
(wk )

Case
No.

Binth measurements

42L



PERINATAL SURVIVORS

Case
no,

Ì bnackels indlcate sibs

(Nos. 88, 89, 97, 106-108:- see PNL)

1 .25
0 .04
(16 dy)
8.5
1.33

0,25

]u 
'o

1 .83

t 7

10su

:'i,

<3

3- 10
<3

3-10
?-1n

90
1 0-50
3- 10

3-10

to
10 -50

CS

cs

2160
2\70
2126

e

S

?
Q

q

?

?

S

F

2693
2631

4168
3175
24 38
23OO

3\02
3345

B

B

B

v
v
?

V

B

V

v
?

?

V

v

90
91

92
lr

38
39
40

¡¡0

40
?

?

40

37
38
37
?

?

40
Tn

93 r
94r
95r
96'
98-
99 

I
100 .
1o1J
'to2 1

103 
I

104 l
105

TYPE III
RECESSIVE OI

6.7
îIe. 6.2

19.5
44 .08
15.58
o.\2
28.83
14 .17
20.75
12 .17
3
1

5

;
0

I

25
92

8.58

5

58
75
33

18.5
18.92
34 .58
17 .33
5.75
't7 .17
31 .0
8.42

13.67
15.58

6.5,6.7.1.1
6.15

6 .83

8.25

0.5

ì.rs
8.5

0.67

0.33
0.75

6.\.2
6.14

\.26.4 .26

6

q

I 3

6
6

4
,l

6.4.1
6.12

317 5
2948
2722
3¡{30
2041

3062

r 0-50
'10

3- l0
50
¿a

aJ

2060
¿t¿¿
?778
2807

<3
?-1n

3-10
10

2155
3062
3430
2367
2226
3515

<3
10-50
50

<3

50-75

3119
24 3e
2268
2523
3515
2807
2722
259\
?608
3062
2920
31 60

1 0-50
1 0-50
<3

3

50
3- 10
<3

3
a-1n
1 0-50
1 0-50
1 0-50

6 .3.7
6.9-6. 1 0

S
2

s

F

?

s
S
e

?

S

?
S

cs
S

?

?

?

?
?

?
?
I

?

(

?
a

?

6.3.6
6.8

V

V

V

?

B

v
B

V

?

?

?

?

?

?

?

?

B

?

?

v
1

6 .3.5
6.6.
6.7

56
>t
58
59
60
bt
62
63
64
65
66
67
68
69
70
71
72
t3
7\
75
76
77
78
T9
80
81
82
83
8q
85
86
87

40
40
40
40
40
44
40
40
40
40

39
40

40
40
40

39
l10

40

38
40
JO
40
40
ll0
40
\2
40

39
41
41

40
?

Text sectio
Table no.

TYPE III/IV
SPORADIC OI

Age at
the sludy
(yn )

Age al
death of
lfveborns
(yr )

Mode
de I ivery

Blrth measunement,sCA
(wk )

Pres. at
del ivery

o.33

2.0

jo.rt
10 .0

32.0ø
20.67

: 
.ot

422



PERINATAL SURVIVORS

2 .17
0 .08
(4 wk)
J .12
6 wk)

<3

<3

3
,l

6

31 .5<<336.5

<3
<3

<3

2025
2325

2296

F

S(I)
B

V

v

40
41

40

162
163

164

lexL secllon
Îâble no.

TYPE I NEW

MUTATION OI

TYPE IIB OI

6.7
FLs. 6.2

4.17
23.0
5,5
1Lt .0
20.75
\.67
lto .5
o.67
36.25
16 .17
t{ .33

6.5,6.7.1.1
6.15

6

6

.4.
.14

26.\.26,\.26

6

It.
13

¿6.4. 1

6.12

<3
r 0-50
3
3-t0
3- 10
'10

<3
50

3-10
1 0-50

6.1¡.1
6.11

2268
3175
2381
2665
2608
2325
2268
1 890

2722
2Bo7

6.3.7
6.9-6.10

?

1

S

s(
a
q
q

?
c

?

T

6.3.0
6.8

8+
V

V

tt

V

?

?

?

v

6 '3.s
6.6,
6.7

39
40
38
39
¡{0 ,

36
\2
31
?
40

109
110
r1t
112
113
114
115
116
117
118
119

Age aL
tbe suudy
(yr )

Age au
Ceauh of
liveborns
(y" )

0Fc
(cm ) Cen!lle

Length
(cm) Centlle

WeighL
(er ) CenLile

Mode
de I ivery

Pres. at
delivery

CA
(wk)

Case
No

Birth measurements

423



PERINATALLY LETHAL CASES

97

<3
25-50

25-50

36
33.5
30
32.5

2qt

:

'10

r0
<<3
<<3

46
q8

45

38
39

-

Ê

34

3?.5
31

50

<3
?

r 0-50

1 0-50

<3
<3

2920
2820
1844
1 980
21r 80

32\o

1 200
1 900

q

F

cs

CS

¡

?

?

?
,l

TOP
TOP

B

B

?

?

?

?

B
I

?

?

TOP

10P

37
?

36
JÞ
41
ll1

?

34
36
23
l8

'r 50r
15't J

152
153
154
155
156
15?
158
159
160
16r

TYPE IIB OI

24 hr
TOP
q

30 min
50 min
5 min
30 min
TOP

24 hr
TOP

30 m1n

30 min

20 min
5 mln
?

20 hr
4hr
40 min
'15 min
s
thr
S
a

10 min
TOP

lå hr
5 mln
3 min
30 min

3

<3
10

<3

<3

<<3
<<3

3

<3
't0

<3

33

33

is
33

JI

31 .5

¿t
23
)d

"l31

31

5
5

<<3

:<3
<<3
<<3
<<3

<<3

<<3

<<3

3

<<3
<<3
<<3

<<3
<<3

<<3

37

28

36
34
38

3q

34

-

l'

5

4

36.6
37

JÒ
28

35

3q

36

33

5

:,
18

20-?1

28
2g

iz
29
29.5
JI

i¡. s
27 .3

16.0

it

28

:
2\
2\
28

29
30

28

<3

<3

a:
<3

1 0-50

<3

<3
't0

<3
1 0-5
<3
<3
<3

50
<3

<3
<3

<3

0

22\O

12\O
1 850
1520
I ¡r53

1230

2050

2080
2268
1 850
1270
1 500
2100
1 150
1 800
1 550

1 350
1 820

r 800

Uò
TOP

CS

ò
CS

?

TOP

?

TOP

S

't
Q

?

?

?
?

CS

cs
F

S

ù
?
CS

TOP

F( 1)
.Q

F

B

TOP

?

?

B

?

?

TOP
I

TOP

?

?

B

?

1

B

?

FB

B

B

V

B

?

B

TOP

B

B

B

FB

/1 1

,7

JO

?

35
Jb
39
17

30
23
JÞ
?

20

39
40
?
lt0

35
39
30
39
l¡o

36
31

34
18

32
36
35
39

120
1?1
1?2
123
12\
125
126
127
1?8
129
130
131
132
133
134
135
136
137
138
139
140
141
1\2
1 ¡13

1 4l¡
145
146
147
148
149

TYPE ITA OI

TOP

10 hr
TOP

TOP

32381
TOP

F

TOP

TOP

TOP

B

TOP

TOP

28
38

20

97_
106l*
10? I

108 |

TYPE III
RECESSIVE OI

6.\.2
6.14

6.\.2A)J)6.\.26

6
\.26

6
4.1
12

3

6.4.1
6.r1

2381

6.3.7
6.9-6.10

S

CS

6.3.6
6.8

B

B

)E

6,
7

30
38

88
89

Text section
TabÌe no.

TYPE III/IV
SPORADTC OI

Mode
del lvePy

BlrEh meâsurementsPres. a!
de I ivery

CA
(wk)

Case
no

S

1 day

Age at
death of
live-
borns

.5,6.7 .1 .1
.15

2 days
thr
6nn
2] hr
6hr
24 he
24 hr
?

50 min
2hr
TOP

TOP

r Brackets lndlcabe slbo

424



{ CH centile < oFC centl-Ie
PERINATALLY LETHAL CASES

q

20 hn
S

20 min
S

thr
25 nLn
thr
30 min
40 min

1 0-50

<<3I

<3

<3

30 .5

26.2

27 .5

31 .5

<<3

<<3

<<3

<<3

tt
26
36

:o

35

5

3

28

<29

31

24

Ze

3
<3

<3

2z
<3
<3
<3

1 043
1 420

860
1 382
1 060
1 389
't552

21 12
1 640

s(
q

CS

?

?
Lò

e

F

Iv
V

?

?

?
?

TV
V
ô

?

168
169
170
171
172
173
17\
175
176
177

31

34
32
34
?

34
38
34
40
?

UNCLASSI-
FIABLE
PERINATALLY
LETHAL OT

6

6

516

15
7.1,1

10P

5.4.2

3- 10

6.14

?6.5

15.5

6.4.2 6 -4.2

30
28

<<3
<<3

6.\ -2 6-14-2
6. 13

23
20
13

1t
23-2\
17-18

6.4.1
6. 12

<3

3-10

6

6

1

1',I

775

700

6
6

3 T

9-6 10

?
TOP
?

6.3.6
6.8

?

TOP

?

6.3.5
6.6,
6.7

30
19
28

't65

166
167

Tex! section
Table no.

TYPE IIC OI

Age al
death of

borns
0Fc
(cm) Centile

CH

(cm ) Centile
Weight
(gm ) Cen¡j.le

CR

(cm) CA (N)

Mode
de I ivery

Pres. âb
deI iveny

GA

(wk)
Case
No.

Blrth meaguremenEs

425



PERINATAL SURVIVORS

Thesis
section
TabIe no

TYPE III/
IV SPORADTC
OI

Cllnlcal skelegal deformlty

2

3
4
q

7
I

9
'10

11

16

17

18
19
20
21
22
23
2\
25
26
27
28
)o
a^

31

12

1t

13
14
r5

a)

33
34
35
36

KS (S)
N

N

s (M)

KS(S)
LL
?

KS(M)
LL
N

N

KS

KS, LL
(s)

N

S

S(M)
KS

N

s(s)
S (M)
?

N

?

?

S

s(s)
KS(M)

N

N

?

S(
?

6.20

N

S

S

KS(
LL(

a

N
e

S(

S(M)

PC(S)
PC

PC

PC(S)

PC(S)

PC(M)
B

PC(M)

PC(M)

PC

PC

PC

1

Pc(
Pc(

PE

?
?

Pc(
?

s)

6.20

PC

PC

PC(M
PC

PC
oa

PC

PC

PC

?

?

PC(S)

Ops. on (L) anm
aì.l seg. legs
Legs rodded
No
No
libiae strafghL

ened
No

No
Femora & tiblae
nodded
No
No
Rods now
removed
Rods ln all 4

segs, le8s
(16 ops. )

No
No
ops. on all
llmbs
Rods in femora,
tiblae, humeni
(18 ops.)
Rods ln iiblae
& femona
No
No
No

Rods (?where)
10 ops. on legs
Rods ln IegE
No
Rods 1n legs
No
No
No
op. on femora
No

Rods ln tlblae
& femora remo-
ved
No
No
No
Yes (?whaL)
No

No

1 (PoP)

bowed
0

6
2
I
4
0
0
2
2
2(s)
?(s)
bowing
0
12

6

0
0
7
1

0(s)

0(s)

4

2

6.20

1(s)

6
a

12

4
6
12

'10

I
ll
12

6.7 .2 -2

0
0
0

0
a

12

2(s)>100

0
>4
30-

o.zu

-65

M

2

lt0

20

50

108

0

6

¿

ro

6

2
2
4

4

2

3
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N

N

S

N

N(LL)

?

N

N

PC(M)
PC

PC
Þale\

B

N

PC(M)
PC

1

No
Femora nodded
Femora rodded
ltultlple rods
18 ops.
No
Rod in (R) ulbla
No
No
Rods in femora,
blbla
No

2

0
?

¿

0
2
0
0
0

bowed
femona

0
0
0
2
0
0
1

0
0
0

0

11

-50
>50
46
M

4

-60
-6
>6

-7

4

3
14
,l

?

2
2
1

?

2

4

2 2

109
110
111

112
113
1r4
115
116
117
118

1r9

ÎYPE T

NEW

MUTATION Of

5.20

I

?

?
S (M)
N

?

2

K(S)
KS(S)

KS(S)
?

Q

S, LL
S

KS

6.20

?

t
?

?

?

?
?

PC

PC(S )

PC(S)
?

PC

PC

PCIPE
PC

No

No

No

?
No

?

No
No

Legs
straightened
0p, on feet
Rods in fems,
tibs, flbs
One nod (?where)
Yes (?whaL)
No
Rods in legs

6 -20

Yes(S)
Yes(S)
Yes
Yes
Yes
?

Yes
Yes
2(s)

5
Yes

Yes(S)
Yes (S )
Yes
ïes

6 -20

Yes(S)
Yes(S)
?

Yes
Yes
?

?

Yes
10(s)

2
Yes

Yes
No(S)
Yes
Yes

6 .7 .2.1 .2

6.19

1

M

?

> 100
0
?

?

>'t 00
> 100

-80
'lew' ( ? )

M

50
,q-?n
1't

6.7.2-1.1

6 18

M

M

M

?

?

?

M

M

M

M

M

2

M

¿

2

¿¿
13

9
M

6.7 .1 .2

6 .17

R

?

R

R

.?

R

PF

F

90
.91 i

'gz
t93
'9 ¡l

te2'96
.98
Lg9

|- 
100

'101

-102Llo3

-10ltLro5

Thesis
sect ion
TabIe no

TYPE IIT
RECESSIVE
OI

o.t.¿.¿

SplneChestPrevlous
treagmenE

LegsAnms

No.
frâc Lure s
aft en
bin¿h

No.
frac !ures
at birth
R X-ra1

Cause
of death

Case
no

Cllnical skelebal defonmlty

t



PERIN.qTAL SURVIVORS

:I

6.7.q.1

6.2\

6.7.4. 1

6.26

6.7 .\ .2

6.28

N

1

P

D

P

D

D

?

D

D

U

?
P

D

D

2

P

D

P

P

D

D

D

?

D

P

P

D

D

D

?

D

D

D

D

D

D

D

D

D

D

D

D

I

D

D

D

D

D

D

D

D

D

D

D

D

D

I
I

0-1
3
U

1-2
D

1-2
3

3
3

3

1

I

0-1
0-1
3
,l

1

2
1

3
2

0-'r
0-r
1

P
)
1

I
,l

1-2
?

1-2
?

1-2
1

1

3
1

1

!

0-1
3

3
0-1
2

l+
3+

L
S
N

N

N

ò
N
c

(

L
N

?
N

N

0
ò
0
N

N

N

o
N

?

S

1

(

(
o )

)

(s)
(0)

( 0 )

( 0p
S)

)
(

(s)
(0)
(0)
(0p )
(0p)
(s)
(0)
(0p)

0p

o)

o)

ò,
0)

S
N

0
N

N

?

?

?

N

N

N
ê

N

0
e

N

?

?

N

N

L
N

s
N

N

N

N

?

N

L

( 0

S

o

0
ò

( o

2
1

,|

3
3
0-
3

(sI
(o) ,.

(s)
(0p)
(s)
(o)

( Op )

( 0

6 .7 .2.3

- 6.22

6.7 .3

ö-¿5

6.7 .3

53.5
58.5
51 .0

25-50
>>97
75
25
50-75

Yes
Yes
No
Yes
Yes
Yes
No

Yes
Yes
No

Yes
Yes
NA

Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
NA

Yes
Yes
Yes
NA

NA

NA

Yes
No

Yes
Ies
Yes
Yes
Yes
Yes
NA

Yes
No

No

Yes
Yes
No
Yeg
Yes
Yes
NA
1

Yes
Yes
Yes

Ntl
NW

NA

Nll
Nl¡l

NW

NA

Tes(u)
NA

NA

N!,1

NW

NA

Nl^l

Nl¡l

Yes(p)
Yes(p)
NA

Nt.l

NA

Yes(p)
NVI

NW

NA

Yes(p)
Yes (a )
N'/.,

NA

NW

NW

NW

NA

NA

NA

Yes(u)
NW

Yes (u )

Yes(p)
Nt,l

NW

Yes (a )

NW

NA

Yes (a )

NW

NH

NW

NW

NW

NW

Yes(p)
NV¡

NA

NW

NA

Yes(a)
N!,,

50
53
2

?

50
37
50
53
53
4r
58
5lr

55
57
4lt
55
46
55
53
c2

50
59
52
58
?

5q
52
52
\?
JO

5 <<3
03
0 25-50
0 r0
725
025
a >>97
0 25-50
0 75
0 >>97
8<3
090
5 3-10
5 50-75
025
0 r0
597
0 >>97
575
5 >97

5 >97
525
I 25-50
0 10

6 10

54.5 50

55
56
53
57
56
5lt

5 75-90
5 75-90
025
5 >97
0 90-97
0 90-97

?

53 .0
50.2
52.5
50 .0
51.5
53.8
53.5
53.0
5\.5
45. 1

5l¡.o
u9.2
5\.?
56.5

90 -97
<<3

77
<<3
<3
25-50
90-97
25-50
25-50
50
?5-50
25-50
50
75-90

6.7 .2.3

6 .21

-7.\7
-l? l¡q

-10.23
_6.23
-9.58
-o ?n

-7 .ll0
-11t.'t0

-8.22
-12.1.111

-13.55
<<3C

-12.2
-10.87
-o )ñ
-3.0

-9.01
-9 .78
- 10 .96
-6 -64
-9. 60

-5.:?3
-7 .72
-6.38

-5.50
- 16.70
-9.03
<<3 C

-7 .53

-7 .53
-10.71
-A )a
-10.3?
-12.63
-12.29
<<3C

-4 .69
-1\.37
-10.65

-12.37
-1q.60
- 10.89
_¡t .89
-o q¡i

<<3 C

-9.64
-8 . ¡13

-o. I

-11 -98

6-7.2.3

95
81.5
>0
73
77
10ll
61

77 .6
a

63
92
78
53
89
97
107
1?O

61

5l{
10r
11lt
9q
ol
126
76 .8
a

2

90
62
80
52
?
2

117
7

I l?
103-
r04
100
8ó. q

ÊQ <

53.3
87 .5
76
64
?

88
73
6?
'l 1'ì.
1',t0

52
8¡r

6r
122
95

R

R

L1
E1

ET
R

R

R

ET
R

ET
ET
R

LI

R

R

ET

ET
ET
R

R

LI

ET

EI

ET

ET
ET
ET
¿1

R

R

ET
ET
n
R

ET
R

ET
R

ET

R

ET
BI
ET
E1
EI
ET
ET

R

R

I

?
)
4

5

6

t
8

9
10
11

12

1:l
tll
l5
t6
17
r8
19

20
?1
22
?3
2\
)q

26
¿t
28
29

30
3r

33
3q
t<

JO

37
38
39
¡J0

lll
\2
¡¡3

¡r!
¡t5
l{6

u7
/r8
q9

50
5r
<t
<2

5\
55

56
57

Thesis
secLi.on
TabIe no

TYPE IIIl
IV SPORADIC
OI

SUråbis-
mu9

Vlsual
functlon

Sclerae

At birLh At s¿udy
or death

Handlcap

Si!Ling V.lalkj.ng

0Fc

(cm) Centile

He igh!

(cm) SDS or
centi-Le
(c)

Case
no

.'l
ql
1È

I

6.7 -\ .2

6.29

?

B

;
+(

?

+(R)
?

+ (L)

+
+( L)
?
,?

?

I

L

?

+

;
?

;
?{
:
;

;
?

?

430



PENINATAL SURVIVORS

6.7 .\.2

6 )o

:

:(
?
o

?
?

?

?

?

?

?

?

?
?
?

?

6.7 .\.2

6.28

(s)N

?
N

S

S

N

N

N

N
e

N

N

N

N

N

N

?
?
?
?
?

?

?
?
?
?

?

(op )
(0)
(0)
(s)

(o)

(o)
(Hv)

(s)

6.7.4.1

6 -2\

6.?.4.1

6.26

D

D

D

D

D

D

D

D

D

D

D

D

P

D

D

?

D

vl

P

D

D

D

P

D

D

D

P

D

?

?

2

3+
1-2
I

3
I

3+
3
P

1-2
D

2
?

1-2
3
1

D
I/.l

P

P

t.l

1,ll

P

P

P

D

P

P
,ì

?

o. t.J

6 .2.3

6.7 .3

6.2.3

Yes
NA

Yes
No
Yes
Yes
No

Yes
Yes
Yes
No

Yes
NA

NA

NA

No
No
Ye9
?

Yes
Yes
Yes
Yes
Yes
NA

Yes
No
NA

NA

NW

NA

Yes(p)
NW

Yes(p)
Yes (a )

NA

Yes (a )
N("l

Yes(p)
NW

NW

NA

NA
NA
Yes(u)
NA
NW

Yes (u )

NW

NI'
NW

NW

Nr"t

NW

NA

Yes (a )

NW

NA

NA

6.7 .2.f

- 6.22

55.5
42.0

59.5
55.0
53.?
50 .0
52.O
48 .5
58 .5
?

52.5
?
lto .8
43 .0
49 .0

:

:

-

50-75
50
97
>>97
T5
50
50-75
jusC <3
>97
>97

50

3
1 o-25
<3

6 .7 .2.3

6.21

I

54
110
86
102
115

58
97
66
107
69

90
?

48
103
?
o)
112
120
122
79
76
84

?

I

?

92
,l

?

ET <3C
ET -9.73
ET -9. 10

R -10.03
Er -\.72
Er -9.35
R -10.87
R 3-10C
R -10.18
n -6.26
ET -7.26

ET <<3C
ET -8.81
ET -lr .09

R -12.44
R -8.37
R -8 .23
R -7.88
R -6 .76
R -1lr.77
R -13.64

R -11 .61

58
59
bU

Òt
o¿
63
6q
05
66
67
68
69

70
71
72
73
7u
75
lo
77
7B
79
80
81
82
83
84
qE

86
An

Thesls
seclion
Table no

TYPE III/IV
SPORADIC OI

Strabls-
mus

Vlsuel
functlon

Sclerae

At btrth A¿ study
or death

0Fc

(cm ) Centile

Handicap

Sitting Walklng

Height

(cm) SDS or
cent ile

Case
no

,I
4
,¡,ì

I
I

I

I

43L



PERINATAL SURVIVORS

I Brackets indicate sibs

jj

!'l
't

I

!

432

I

?
?

N

?

1

D

N

D

D

N

D

No

NA

NA

NA

NA

NA

?
?

't

'Ì
?
1

162
163
1 6lt

TYPE IIB
OI

?

+
?

?

(n)

( 0p )N

0
N

N

?
N

S

S

N

I

( )

(0p)
(0)

( )
( s)

P

D

D

D

D

D

D

?

D

D

P

1-2
1-2
2

3
2

3
3
0

l+
2
P

Yes
Yes
Yes
Yes
Yes
Yes
Yes
NA

Yes
Yes
Yes

Yes
Yes
Yeg
Yes
Yes
ïes
Yes
NA

Yes
Yes (a)
Yes

48 .5
57 .8
49.5
56 .8
53.8
50 .5
55.2
?

,7 .o
59.2
?

3- 10

97
10-25
90-9?
25-50
50
75-90

>97
>>97

89.5 ET -2.76
152 R -3. ¡t 1

92 R -3.70
139.5 R -2.55
127 R -5.87
88 Er -3.69
137 R -4.2
6U ET <3C
137 R -4.2
125 ET -6.2
86.4 R -4.03

109
110
11'l
112
1',t3

111¡

115
116
11?
r 18
'I 19

TYPE I
NEt4

MUTATION
OI

?

I

:
?

?

:
(R)

(s)

0)
S)
S)
0)
0)

N

t..l

?

D

D

?

?

D

D

N

N

?

D

U

N

t^l

?

D

P

?

?

P

1

0-1
N

0-1
1

1

P

NA

?

NA

No

No

?

NA

Yes
Yes
Yes
No

Yes
Yes
Yee
Yes

NA

NA

NA

NW

NA

NA

NA

NW

Nt,l

NW

NA

Nvl

Ye
NW

NW

s (a )

?

?

?
7
,l

?

?

52
5¡{

53
?

?

52
\7
?

07 10

5 25-50
o 50-75

jusl <3

3

?
I
1

2

?
2

q9

91
87
92
?
o)
'10

77
(

R -5 .42
.l.t R -7 .91

-5 ET -13,11
.0 R -7.18

.o R -12.1t¡]
7 R -9.2
.5 B -5.64

90

.91 *
192

.93
Ls,l

-95
Lso

d;
-r 00
Lrot

-102
Ll o3
_101.1
Lr o5

TTPE III
RECESSIVE
OI

6.7 .\.2

6.29

6.7 .\.2

6.28

6.7.q.1

6.2\

6.7.4.1

6.26

6.7 .3 6.7 .3

6.2.j 6.2.3

o.t.¿.1

6.22

6.7 .2.3

- 6.21

Thesi.s
secElon
Table no

SLrab-
lsmuE

Vlsual
functlon

Sclerae

At birLh At study
or deach

Hand ica p

SlttÍng Walking

0Fc

(cm ) CenLile

Helght

(cm ) SDS or
cenblle

Case
no.



PERINATAL SURVIVORS

6.7. r I .4

+
+

+

.l

I

+

1

?

+

+
+

7

6.7 .11 .3
6.43

+
+
+

+
?

+

+

+
+
+

+
+
+
+

(

+
+
?

?

+
+
+

a

;

+

+

+
+
I

+
+
+
+
+
+
+
+

+
?

+
+
?
+

6.7.9.2
6-\2

+

+

+

+

?

+
+

+

+

+

+
+
+
+

- (l)
+Q)
+ (2)la
?

+ (2)
+ (2)n
+ (2)
+ (2)
+ (1)
+ (2)n
- (l)
+Q)
+ (2)S
+ (2)

-Q)
+ (1)
+ (2)
I

-Q)
+ (2)

Q)
(2)
Q')
Q)
Q)
Q'I
Q)
e)
Q)

I

+

+ (c)

+

+
+

(c)

(c

+

Q)+
?

?

?
+
+
+
+
+
+
+
+
?
+
+
+

+
+
+
+

(

?

?

+
+

+
+
+

+

+
+

?

+

+
+

?

+

+ (2)
+ (1)
+ \¿t
+e)
+ (2)n
7
+ (2)

+
+ (c)
+ (c)

(2)n
(1)
(2))ß
Q')
e)
Q)
(2)n
Q)

+ (2)
+ \¿)
+ (1)
+ (l)n
-Q)
+ \¿)
a

+ (2)Xr
?

6.7 -9.1
6.1r1

6.7.8
6.1Ð

+

+

+

+

2

+ (c)
+

+ (c)

N (HV)

D (S)

N

N (I)
N (S)

D

-N (I)
D (S)

N

N (Affi)
N (S)

N (S)

N

N (S)

N (S)

N (S)
N (s)
N (I)
N (s)
N (HV)

N (I)
N (S)

N (S)

II
UJ
N (s)
TE (I)
N

N (S)

N (S)

N (S)

N

N

N

N (E)

N

N (s)
DB

N (S)

N (S)

N

N (I)
N (E)

?

D (S)

N (S)

N (s)
N

N (S)

N (S)

N (I)
lr.J (E)

N

N

N

N

B (E)

N

N

N (s)

1t-39
6

6

+

+
+
+

+
+

+

+

+

+

+
+
'ì
,ì

+

2

+
+

+

+

+
+
+
+

+

?

+
+
+

?

+
?

+
+

?

+
+
+
+
+
+
+

+

+
+

+

+
+
+
+
+
+
+
+
+
+
+ (c)
+

+
+
+
+
+
+

+
+
?

+
+
+ (c)
+
+

+
+
+

+
+
+
+
+ (c)
+

+ (c)
?

+
+
+
+
+
+ (c)

+ (c)
+ (c)
+
+
+
+
+ (c)

:
+
+
+

+

+ (c)

+ \L'

+ (c)

+ tL,

6

6 36

6

6

+

+

36.7.6

+
+

+
+

+

+

+

+ (c)
+

+ (c)

+

+

+
+

+

+

+

+

+

+

o. t.o
6. 

-?4

6.7.5
6.32

+ (c)

5/5
?

?

?

?

?

2/\
3/3
0/1 (s)
2/3 6)
2/\
3/4 (s)
1/\
? (s)
? (s)
?

3/3
2

\l\
1/3 (s)
?/3 (s)
5/5
?tu
5/5
o/\
?

0/\
2/¡r (s)
1/u
5/5
2/5
?

1/\
?/
2

ó¡: or
2/q (S)

o/3
0/2 (s)
?"
?

5/5
5/5
\/\
2/4 (s)
1lj
?

2/rr (s)
1l\
? (s)
ol\
?

:,,

1/2 (S)

?15
ol/4

0t2
o/1

6.7 .5 -1

6 .31

lhesis s€cg.
Table rc.

+
?

?
+
?

?

+

?

+

+
+
+
?

?

+
+
I

+
+
+

+

+
+

?

+

+
+

+

?

+

?

+

+

+
7

+
+

Case no

+

+

28

29

30
3r
22

33

34

35

JO
aa

38
39
40
/.1 1

\?
43
ll4
ll5
tr6

\7
rl8
q9

fr
51

53
54
55
56

57

58
)9
60

1

2

3
lt

5
6

I
9
10

1t
12

13

tl¡
r5
16

17

r8
r9
n
21

22
?3

)<
¿ö
2a

+
+

+
+
+
+
?

+

?

+
+
+
+
+
+
?

+
+
+
+
+

++
++
+!

++
++

6.7.5.1
6.9

+
+

+

+
?

+
+
+(H
+

+

+
+
+
+
+
t
+
+

+

?

+
+
+
+
+
+

+

?

+

abiffiIax large
Di sloc-Ì.b. çairs

.þints

Låxity

SL

StronS
EiIs

DIC].i¡Lical
hearùìg
loss

iry
s'rêåe-
1Ve

Þ(cess-

exes

Fheq.S<j¡
tryper-
extens-
ibility

Easy

bruis-
1rì8

.roints Hj€h
v1fice

thrrdå
eLim
Coratlp-

433



PERINATAL SURVIVORS

?
?

?
?

?

?
?

:
?

-

+

?

?

+
?

?

+

?

+

+

?

+
?

(1)
e')
(1)
QI
Q)
(1)

(2)
(2)

Q)

+
+

l
+
+
,?

?

+
+

N (HV)

ilJ
N (S)
N (S)

D

N (I)
N

?

DE (E)
N (s)
N

+ (c)

c)

+

+

+

+
+
+

+ (c)

+ (c)

+

?

?

+
+

+
+
?

+
+
?

I
+

+

?

?

?

+
+
+

+

+

?

)

1

?

t
?
2/5

3/4 (s
?

?

?

?
7

?
?
t
a

?

?
+
?

?
*-

?

+
?

:
?

?

?

+

+

?

?

:
(

:
+

:

:
+

?
?

?

+ (2)
?-(1)

?

- \¿,
+ (2)

-Q)
?

-Q)
-Q)
+ (1)
+Q)

N

?

?

N (S)

N

Its (E)

N

N (s)
N (s)
N

D

N (I)
DU (S)

?

+
1

+
+
?

?

+
+
+ (c)
+

:
+

+

(c

?

?

:
I

?

:

?

?

-o

?
1

:

?

?

?

?
?

?

?

?

+
+
?
+
+

?

?

?

+

itz

1/1 (S)

2/\
1/3I

?

,')

;

?

?

-(H)
?

+(H)

-(H)
?

?

-(H)

+

-(H)
++
++
-+

+(H)

?

a

-

?

:
+

+

TÏPE [I
RECESSIVE OI

90
91..
92)
o?

94'i
95.
961

98.
ggJ

100-

101 
I

102-
1o3J

10¡t-

1051

6.7.11.4

;
a

;

;
?
?
?
?

?

?
c

?

?

?
?
?
?

.31I.7.
.43

6
6

:
+
+
+
+
?

+
?

?

+
?

?

?

?
(

?
I

?

?
?

?

?

?

?
Ò

6.7.9.2
6.\2

;
+

+

;
+

;
?

?
1

?

?

?

?

1

?
?

?

?

?

6.7.9.1
6.41

l
+

r

+

:

;
?

?

?

?

?

?

7
?

?

?

1

?
?

6.7.8
6.lto

QI
Q)
Q)
(1)
Q)()\
Q)
Q)
(?)

)

(2\

Q)
Q)
Q)
(?)

Q)
(2)n
(?)

(2))G
Q)

I

+
+
+
+
+

l
+

?

?

?

?

-
+
+
+
+
+
+
?
+

?
?

6.7.7
6.1-39

N

N (S)"

N (s)
N

N (S)
N

DB (E)

N (E)

N

N

N

N

N (S)

N

N

N

DB

N

N

N

N

N

?

N

?

?
?

a6.7.6
6.36

* fal
+

+

;
+
+
+
+

?

?

?

?

?

?

?

?

?

?

?

?

?

?

7.6.2
6.35

+

;
?

?

?

?
I

?

?

?

?

?
?

?

6.7.6
6.3\

+
+

l
+

;
?
?

?
?

?

?

?

?
?

?

?

?

?

6.7 .6.1
O.JJ

l
+

;
?

+

:

+
?

?

?

?

?

?

?

?

?

?

t
?

?
?

6.7.5.2
6.p.

,7

?

?

?

?

?

?

?

?

?

?

?

?

?

?

6.7.5.1
6.31

0/2 (s)

?

0/?
o/\
?

1/\
?

?

?

?

2/4
0

2/\
?

a

;
?

1

?

?

?

?

?

?

?

?

6.7 .5
6.æ

++
+-

++
++
??

(t
++
??
-+

++
??

+ (C)

+ (C)

+
+

+
+

+

?
+
+
?

?

ltEsis sect.
Table no.

Cáse no.

61

6?
63
64

65

66

o/
68

69
70

71
1)

73

7\
75
lo
77
78

79
80
8r
82
83

8rr

85
86
87

Strþrg
rails

Hl€h
voice

t+miaCcnstlÞ
ation

DICLI¡ICáJ.
feårir:g
l-ôs

tcess-
ive
6r,¡eat-
jrìg

Fheq.
eplst-
axis

Fâsy
bruls-
ins

Sdn
hyp€r-
extãs-
lbiliLy

Dislelb. palrÉ
lax ).a,nge

þjnts

Jolnts

laxity

SL

TYPE I NT.¡

I"IJIAITON C[

109

110

111

112

113

114

115

116

1l'.l
118

119

++

++
++
-+

++

+-
++
??

434r Brackets indicate slbs



PERINATAL SURVTVORS

6.7.1 I .ll

?
7
?

6.7 .11 .3
6.43

?
?

?

6

6
7
42

9.2

+

6
6

.7.9

.41

+

:

6.7.8
6.40

+ (1)

?

6.7.7
6.T-39

N

?
?

6.7.6.2
6.31

6.?.6.3
6.3ó

+
+
+

6.7.6.2
6.34

6.7.6.1
6.33

?

+
?

6.7.5.2
6.y

?

:

6.7.5.t
6.31

?

?

?

6.7.5.1
6.30

??
1a
??

IÌËsls sect.
Tâble no.

Case no.

TYPE IIB OI

162
163

164

**u
natlE

lfl€h
volce

tlemiaønEtlÞ
eblcn

DICLIll[^ãì
hearùE
loss

B<cess-
Ir¡e
slæaÞ
irg

Fleq.
eplst-
axts

Þsy
bruLs-
ing

S<l¡
lvper-
erôêns-
ibtuty

DIsle
càllons

¡b. pelrs
1ð< larEe
þtnts

Lâxtty

SL

Jolnts

435



NOTES FOR APPENDIX 6.1

Data collection

ET patient examined by the author. ET(F) - patient not seen by

the author, but the author interviewed the family. 0 - patient

not seen by the author, family returned a questionnaire. IY(F)

patient not seen but family interviewed by Dr Ian Young. O

other: information gathered from other doctors reports and

hospital records.

Bírth radiograph avaÍlable

(+) yes (babygran or

incomplete, vis case LL,

femora and tibiae only;

radiograph.

skeletaL survey).

femora only; cases

case 63 skeletal survey

yes but

25, 65, 69,

mi-nus chest

Sex

M-male,F-female,(?) sex unknown

Fetal- movement during pregnancy

N normaJ-, D - decreased, I increased, (? ) unknown.

Additional descriptions given by the mother are shown.

+(i)

10,
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Prenatal USS (ultrasound scan)

These refer to second trimester scans which l^¡ere either: N

normal; gestational age at which scan done also given, if known-

A - abnormal. (?) - no Ínformatíon about Scans, ot no scan done.

Amniotic fluid volume

N normal, D decreased I increased, (?) unknown

Liveborn, stillborn termination of pregnancy

L liveborn, S stillborn, TOP termination of Pregnancy.

Gestational age

GA gestational age.

Pres. (presentatÍon) at deliverv

V vertex, B - breech, FB footling breech, BE breech with

extended legs, TV transverse lie, NE not engaged in the

pelvis, TOP - termination of pregnancy, B-V - case 109 was breech

but at 34 weeks was turned by external version and presented

vertex.
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Mode of delive¡y

S - Spontaneous vaginal delivery (cases 43, 51, 163 and 1-68 lá¡ere

induced (S(I)) but then delivered normally)' F forceps, CS

Caesarian sectÍon, TOP termination of pregnancy, S(T) cases

ILZ and :-46 were the firstborn of twins, their co-twins v¡ere

normal , (?) - unkno$¡n.

Birth measurements

For PNS - length refers to crown-hee1 length. For PNL - CR is

crown-rump length. GA(N) Ís the gestational age at whích the

given CR Ís normal, when known. CH is crown-heel length (CR

unknown for aI1 pNS). OFC occipitofrontal circumference.

Centile: <<3 Ís much less than 3rd centile. <3 less than 3rd

centile. (-) Ís unknown.

Àge at death of liveborns

Cases indj-cated by ( - ) vrere alive at the time of the interview-

Cases 3 and 46 were seen by the author but died subsequently'

during the time of the study. SimÍIarly, case 75 died shortly

after his questÍonnaire was returned-

Age at the study

Age at the interview or when information was received.
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Cause of death of PNS (Perinatal survivors)

(-) Índicates patj-ent was alive, R - lower respiratory infectÍon,

F fall, followed by cerebral haemorrhage. PF post-operative

fat embolism. RI respÍratory with inhalation of gastric

contents.

No. fractures at birth

R by parents report, (?\ - no. unknown, M - multiple' X-ray

no. fractures counted on radiograph by the author and Dr C M

HalL. (>) - indicates 'at least', (i) no estimate given for

those with incomplete skeletal survey. (-) indÍcates radiograph

not available. Cases 30 and 36 estimated to have 30 and 5

fractures respectively, by theír doctor-

No. fractures after birth

M - 'many' (some famÍlies couJ-d not estimate the fracture number,

but reported that many had occurred).

Clinical skeletal deformitv (determÍned by clinical examination)

Limbs an attempt was made to score the severity of deformíty ín

the lÍmbs. Each segment (upper or lower) of each limb was scored

as: o straÍght, 1 mild bowing, 2 moderate bowíng, 3

severe bowing. e.g. the maximum bowing for the arms is 3 x 4 =

L2. SometÍmes, a limb would be straight (0) but short (s), or
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assessment was obscured by a plaster of Paris (POP).

If patient was not seen by the author, a descríption by parents

or hospital notes is given, ot Scored as tyest or tnot for bowing

of the legs or for spinal curvature-

Previous treatment

Segs. - segments e.g.

indicates previous operative treatment.

upper arm, Iower leg. Ops. operations.

Chest

PC pectus carinatum, PE

shape in latéral direction,

pectus excavatum, B

N - normal.

broad chest

Severity indicated in brackets

only. (S) - severe or moderate,

recorded for some Patients

- mi]-d.

but

(M)

patients 74-85 repli-ed by questionnaire but were not asked about

chest shape.

Spine

N normal cl j-nicaLLy, K kyphosis, s scoliosis, KS

kyphoscoliosis, LL lumbar lordosis. Patients 74-85 replÍed by

questionniare as C curvature of spine present (M mild' S

severe), N - normal spine, (?) - unknown.

Severity (as for chest) recorded ín some cases.
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Height

ET - measured by the author, usually supine. R - measured by the

famÍly or given in hospital records. Case 66's height taken from

hospital records at age 7 months (Í.e. before the study). Case

104's was measured by the clinic nurse at 4.33 yr (after the

study) but her OFC was measured by the author at 3.OB year.

Handicao

SÍtting: yes abJ-e to sit alone if over 1 year.

no - not able to sit alone if over 1-year.

NA not aPP1icable if under 1 Year.

(?) unknown.

Walking: yes (u)

yes (a)

Yes (P)

N!,¡

NA

abÌe to wa]-k unaided

- ab]-e to walk with aids

able to walk previouslY

- never walked.

if over 5 years.

not appJ-icabJ-e if under 5 years or unknown'

(Note: one patient under 1 year could sit alone (case 9) and 2

under 5 years could wa].k with aids (cases 26 and 109)'
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Sc].erae

At bírth:

deep blue,

N normal or hl (white), P pale blue, D b]-ue or

(?) unknown.

At the time of the study, as examined by the author.

O - white

O-1 very pale blue

1 - pale blue

normal

L-2 or 2 - moderate blue

3 or 3+ deep blue.

Cases 77-85 (inc. ) replied by questionnaire as W white, P

pale b1ue, D - deep bIue. Similarly, others not seen by the

author (information from parents or hospital records) were scored

asW, PorD.

Visual functíon

N normal, S short-sighted, L

text of sectÍon 6 .7 .4 .2) .

Iong-sÍghted, O other (see

In brackets are gíven the source of testing:

- ophthalmologist, (S) school, (HV)

Otherwise, reported by patient or parents-

(O) optician, (OP)

health vj-sitor.
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Strabismus

(+) - present, (-) absent, (?) ' unknown, (B) - bilateral' (t)

left, (R) - right, (U) - unilateral unspecified.

Joint laxity

S laxity of small JoÍnts of hands and feet.

L laxity of large Joints.
(+) - present, (-) absent, (c) - j-n childhood only or mainly,

(H) - on history, (S) stiff joints, (?) ' unknown.

Note cases 74-85 replied by questionnaire and did not specify

whether targe or small joints were lax.

No. pairs of lax large ioints

Numerator - no. pairs lax large joints, denominator

large Joints able to be examined.

no. pairs

Joi-nt dislocations

(+) present, (-) - absent, (?) unknown
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Skin hyperextensibility, easy bruisinq, f requent ePistax j-s,

excessíve sweating

(+) present, (-)
only or mainly.

absent , (? ) unknown, (C) in childhood

C]-inical hearing loss

N - normal, DU - decreased unilaterally, DB - decreased

bilaterally, D - decreased unspecified, (?) - unknown.

In brackets are shown who tested the hearing: (S) school, (I) -

institution, e.g. hospital or child development centre, (AER) -

auditory evoked responses, (E) ENT surgeon. Otherwise reported

by parent or patient.

DentinogenesÍs imperfecta (DI)

Clinical evidence of DI either on examination or by report-

(+) - present, (-) - absent, (?) unknown or not applicable if

teeth not erupted. ( 1 ) and (2) refer to first and second

dentition respectively, xR confirmed on radiograph.

Consti ation

(+) present, (-)

or mainly.

absent, (?)
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Hernia (see also appendix 6.4)

(+) - present, (-) absent, (?) - unknown.

High voice

Refers to high-pitched vol-ce with a nasal qualÍty.

(+) - present, (-) absent, (? ) - unknown-

Strong nails

Refers to unusually good nail growth with unusually strong nails.

(+) - present, (-) absent, (?) - unknown-
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Appendix 6.2

METHOD OF ASSESSMENT OF SEX RATIOS

Example fon ?scleral- cofour at binth' (table 6.211)

(0 - E)2

(46 - 43)" * (9 - 12)z + (33 - 36), + (13 - 10)2

43 12 36

= 2.11

Not significant p < 0.25

0 - observed, E - expected

Values for E are calculated as follows:-

10

E value for f ar is (a + b) (a + c)

E

(a+b+c

A shont-cul formula for X,fi¡

+ d)

is (ad - bc)2 n

(a+b) (c+d) (a+c) (b+d)
less than S, Yates continuity correction was applied'
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a
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+b
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d

b+d

a
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a+c
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APPENDIX 6.3

JOINT DISLOCATÏONS

CDH - congenital dislocated hiP '

GA - general anaesthetic.

III

III / IV

ï

6

I
14

15

17
23
25
26

30
31

32
35
36
38
44
ç,)

60

105

110
111

112
115
117

neeurrent shoulden, knee
(L) shoulder
(L) shoutder once
recurrent dislocations
shoulder occasionallY
recurrent (R) shoulder' fingers'
CDH

recurrenl elbows, knees
bilat,eral CDH

bitateral CDH, recurrent shoulders
GA once )

hips since birth
shoulders twice (GA both times)
hips (not at birth)
hips and knees
shoulder, knee ' hiP
shoulden
shoulders, knee

recurrenl shoulden
recunrent shoulder
shoulder bwice
recunrent thumbs and fingers
necurrent knees

( needed

thumbs

recurrenf clavicle

Type of 0I Case no.

447



Appendix 6.4,

TYPES OF HERNIAE AND OUTCOME IN PERINATAL SURVIVORS

F
@

]IB
III/IV

162 F

M

F
M

F
F
M

M

M

M

F

F
M

M

M

M

2 2 Congenital IH

BIH]
UH]
RIH
R]H]
UH]
UH

Incisional *
RIH]
UH

Supraumbilical
Congenital BIH
Congenital BTH
UH

UH

UH

BIH
L]H
Congenilal BIH
UH

No

2 operations]
4 operationsl
No
No

Resolved at I months

Herniae recurred4 3.5

7 2.2
3.1

StiIl present
Resolved at 1 year10

13
20
23

0.5
2.5
15 .3

No
No
No

Resolved
Still present
StiII present
Resolved
StiII present
StiIl present
StiIt present
2

Resolved
StilI present
No recurrence
Resolved
No recurrence
Resolved in inflancy

25
27
28
29

30
32

23.2
39.7
0.25
7.2
19.7
0.6

No

No
No
No
No
No
Yes
No

Yes
No

3B
52
54

54 .8
16 .8
14 .5

( twice )
(recent onset )
(aL 2.5 yr)

Type of 0I Case no- Sex Age at fhe study
on at death (yn)

Type of hennia 0perative
treatmenl

Outcome
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Appendix 6- 4 (cont,d)

UH - congenital umbilical hernia
RIH - right inguinal hernia
LIH - Ieft inguinal hernia
BIH - bilateral inguinal hernia
IH - (side unknown)

* ffloric stenosis repair scar.

** Thought to be secondary to straining due to constipation.

-: ''i.r:l

III/IV (contd) 59
60

F
M

F

F
M

M

M

M

M

M

M

M

o.42
23.83

UH

IH
Hialus hernia
UH

LIH
UH

UH

IH

No
Yes (at 3 mth)
No

No

No

No

No

StiII present
No recurrence
Still present
Resolved
StiIt present
Still present
StiII present
No recurrence

63
64
66
69

70

12.2
3.3
6.8
9.5
0.5 Yes

III recessive 90
99
100
105

112

0.3
30 .3
10 .0
9.2

14 .0

RIH
UH

Sub-umbitical **
IH

No

No

No
Yes

StitI present
Still present
Stilt present
No recurrence
No recurrenceI new mutation RTH Yes

(aL 2.5 yr)
(0.5 yr)

Type of 0I Case no. Sex Age at the study
or at death (yr)

Type of hernia 0perative
tneatment

0utcome
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APPEXDÐ( 7.1 (qh.)
6IMTAL

RADIq.CüC.ÀL I4¡NITESTAÎ!(NS

qstlc
ê91Dtys

7

?

?
+ (? ¿ge)

1

7

+ (4.8)
+ (0.6, 16)

+ (7)

?

?

?

?

?

+ (æ)
+ (0.5)

+ (0,8.2)

1
+ (5.9)
+ (0,8)

?

1

+ (0.9)
1

7

,|

1
?

- (1.8)
+ (r0.2)

?

?

.8)

?

1

?

?

- lî.7)
'l

?

7.0

7,6.2

?

7

1

1

7

1

?

- (0.2)
+ (t.l)

+ (10,8, L)

1
+ (2.rr, L)
?

+ (6.ó. T/L)

- (0.8)

1

1

1
,|

1

?

1

,|

1

7

?

- (33)
1

+ (t)

7 .6t ',t,T

?.6.t

?

?

7
(0.r)

- (t'3)
* (¡1.3),
* (11)
* (ll.B)* (ð)

+ (¡t.6)

7

- (0.2)
7

* (14.9)

?
+ (0.?)
+ (t.8),
+ (8.6)
* (rl),
* (13.3)
* (Zll

_ (3.6)
* (12,{)
* (6.3)

(0,1r )

?

1

t

(21

( t6.2)
(q.5 )
(24)

(q.6)
(r3.3)
( 1.7)
(6.t)

(0.8)
7
7

1

1

?

?

+ (33)
ß.2,

(t)

't.5, 1 ,7

?.6.1

?

(8)

?

7
?

?

?

7

?

+ @.2,'l/Ll
+ (1.1, T/L)

* (r0.8, T/L)

1

;
(2.1r)

(6.6. 1/L)

(0.8)

1

?

- (q.6)
?

?
?

1

?
?

,l

1

?

1

: (33)

(l.l
TILI

7.6. I

7

+ (5)' *(8)

(o.r)

* (t.3)
+ (q.l),
* (11)
+ (l¡.8)
+ (ð)

+ (t.1, {.6}

?
'¡

+ (0.2!
+ (l.l)

+ ( 10.8,
1l¡.9 )

# (r3. L/S)
* (0.4, z.tl)
+ (1.8)
+ (0,6)

+ ' (1.5, C)
x (.Zll

(3.6,6.6)
* (12,!)
+ (0.8),
s (6.3Ì
+ (0.1¡)

*
?
+

QI
( r6.2)
(4.5)

(t¡.6)
(r1.3)
(t.?)
(6.5)

7

1

(0.8)

I
?

1
+ (3r)

(3),
(5.2)
(t.r)

T.\

't.5

?

?

+

't

(5)

(3)
(4.3),
(12.2t

(3)

* (1.6)

1

1

- (0.2)
+ (6.6)

+ (15.3)

+ (13)
+ (0.4)
* (ll), *

(t3.3)

s (6.1t)

* (3.6)
+ (l2,ll)
- (3)

- (0.4)

1

+ (2)
7

+ (4.5), +
(21¡ )

1
* (8.2)

+ (3)
* (9.5)

- (q)

- (q.2,11.r)
_ (3.6)

?
I

I
I
- (3),
+ (9.2)
- (0.1)

7.\.2

- (æ.q)

?

- (0.1)

- (r.3)
+ (!,3, l1)

- (r1.8)

+ L (29)

- (4.6)

1

1

- (0.2)
?

+ (14.9)

+ ÞL, (282)
- (0.?)

- (t,8)

+ (6.4)

- (3.6)
+ (12.tl)
+ (0.3. 3)

- (0.¡r)

?

- (3.7)
+ (16.2)

- ({.5, 2¡r)

?
+ (|t.6)
- (r3.3)
- (r.7)
- (6.5)

- (0.0)
?

- (2,8)

1

7

1

?

- (33)
+ (5.2)

- (r)

't,z

7.3

+ (r4,3, kË)
- (14 hr.)
+ (5), + (12.1¡)

(L) IcË &

st<le (rcb (R)

+ (12.8, lcæ [
ar*Io )

- (3, fæ.)
- (3,q, ks)

- (!.8, Iegs)
+ (17, ke)
- (35, laË)
+ (6, ka

fd > tlb)
- (8.1, l€e)
- (0./t2,1oø

( lee)
- (0.2, regs)
+ (11.9, læ

f6. )

- (14.8, lcæs)

+ ( !3, laE)
(3.8, leer)
(13.3, ks)I

+

- (7. bË)

+ (3.6, tcç)
- (12.1¡, regr)
+ (6, kæ)

(il.1, erbq¡)
- (0.q, Iegs)

- (0.1, regp)
- (2, lrgF)
?

+ (29, fæ. )

+ (8.? fm.)
- (z¡.4, lcF)
1

- (3, rese)
+ (8, trn,

(ro.z lfË)

- (¡1, (B) Ieg)
- (13.9i kæ)
- (5.5, (L)

lqË)
- (13.7, laær)
- (16.2, (R)

r,tb , flb)
- (5.1, (R)

fo)
- (39.6' laê)
- (33.5, Ftstr
- (15.2' kËs,

d*1,6)
- (1.3,,f@.)

60

62

OJ

64

6
66

6'l

68

69
't1

73

16

n
78
8o

8r

æ
84
85

TI

90

95

98

99

1G)

102

103

tolt
r05

109

110

ltt

112
ll3

lr4

il5
t1?
110

1t9

Thble m,
thêsl6
st16

ÍYPE III/W
SSORÀDIC OI

TIPE IfI
RECESSTVE

OI

T1PE I NEII

llnArlol

soll dêfqñltyLdg p€dtcl6SooLl61!K/ptEl!Plã¿ysFdyIyPrafñlo
6tab.

bHrÉFl
¡lb. elg.

Gs€
rc.

:l
u
',1:

¡
'l

I

!
J

451



,l

NOTES FOR APPENDIX 7.7

l_ The defínition

appropriate text

of the column headings are given in the

sections.

2

3

(+) present, (-) absent, (?) no

feature not clearJ.Y vÍsible.

appropríate radiograPh or

'platyspondylyr ,

mild, (++) moderate

In columns 'Protrusio

'kyphosis' and' scoliosis,

or severe and (+++) denotes

acetabulae' ,

(+) denotes

very severe.

4 L - lef t, R - right. In the column ' downward r j'b

angulationf , if no side given, this denotes bilaterally

affected.

The age in

radiographs

available.

years is given in brackets. In some cases,

of the same patient at different ages are

,'I
î't
it;
i

5

:l: o Under 'cystic ePiPhYses' the bone

gÍven. Fem. - femur, tib. tibia,

humerus, rad. - radj-us, u1n. - uIna.

or joint affected Ís

fib. fibula, hum. -

spine

on the

I Z. (C) cervical, (T) thoracic, (t) lumbar, (S) sacral spÍne.

ptatyspondyly is usually best documented on lateral

views, but it was often so marked as to be visible
¡

I

r
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9.

anteroposterior (AP) film.. This is the case if there is

platyspondyly 1n the presence of a (?) Ín the column marked

'kyphosi-s'. Note that case 118 had collapse of some lumbar

vertebrae at age 33 years, but the other vertebrae were of

normal helght, hence the designatfon (+).

Kyphosis and scolfosis are documented on lateral and ÀP

films, respectively.

l

)

I

I

I

ri

íl

T

lr
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Appendix 7.2

COMPARISON OF RADIOLOGTCAL MANTFESTATIONS V'IITH SCLERAL COLOUR IN
PATTENTS I¡ITTH TYPE III/TV OI

29

23

52

14

10

24

15

13

28

Normal or
pale blue
sclerae

Moderate or
deep blue
scl-erae

Totals

TotalsNo cystic
epiphyses *

Cystic epiphyses*

)Lç¡ = 0.12, therefore no association

* Cases at or over 2.5 years.

(p 0.7 - 0.9).

26 (19)

21 (14)

47 (33)

17 (11)

15 (B)

32 (19)

g (8)**

6 (6)

15 (14)

Normal- or
pale blue
sclenae

Modenate or
deep blue
sclerae

Totals

TotaIsNo rib
angulation*

Downward rib
angulation

All cases Ïf;1 = O .20, therefore no association (p 0.5 - 0.7).

Cases over 2.5 years Kil = 0.002, thenefore no associ-ation (p 0.95 - O'99)-

* ScIenaI coloun unknown in 2 cases.

** Numbers not in brackets are all cases
(numbers in brackets are cases over 2-5 years)'

454



28

24

52

4

5

9

2\

19

43

Norma1 or
pale blue
sclenae

Moderate
on deep
blue
sclerae

Totals

Total-sNo PA*Protrusio
acetabulae (PA)

Appendlx 7.2 (cont. )

2

lg = 0.065. thenefone no association

* scleral- colour unknown in one case.

(p 0.7 - 0.9 ) (correeted for continuity ) '

10

7

17

4

2

6

6

5

11

Normal or
blue
selerae

Moderafe
or deep
blue
sclerae

lotals

TotalsNo kyphosisKyphosis

ffl: = O.O0O9, thenefore no association (p > 0.99) (correcled for continuity).
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Appendix ?.2 (cont. )

25

20

45

5

6

11

20

14

34

Normal or
pale blue
sclerae

Moderale
or deep
blue
selerae

lotal-s

lotalsNo

scoliosis *
Scoliosis *

T"E) = Q.18, therefore no association (p 0.5 - O.T) (corrected for continuity).

* Scleral colour unknown in one ease in each category.

9

6

15

3

3

6

6

3

g

Normal or
pale blue
sclerae

Moderale
or deep
blue
sclerae
TotaIs

TotaIsNo
elongation

Elongation of
lhe pedicles

%i, = 0.012, therefore no association (p 0.9 - 0.95) (corrected for
continuity ) .
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