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Abstract The purpose of this study was to quantify the
physical and mental health of a diverse adult cohort of
patients with osteogenesis imperfecta (OI) utilizing a
validated health self-assessment questionnaire (SF-36).
In addition, a specific demographic questionnaire and a
functional questionnaire were utilized to assess more
specifically the physical limitations imposed by osteo-
genesis imperfecta in adulthood. The results of the SF-36
revealed significantly lower physical function scores
compared to the U.S. adult norms. However, the SF-36
mental component scores were equal to the U.S. adult
norms. The demographic questionnaire revealed high
levels of educational achievement, as well as employ-
ment, despite significant physical impairments. The
functional questionnaire clearly demonstrated limitations
mostly related to ambulation.

Résumé Le but de cette étude était mesurer la santé
physique et mentale d'une cohorte de malades adultes
avec osteogenesis imperfecta utilisant un questionnaire
validée de I'estimation de la qualité de vie (SF-36). De
plus, un questionnaire démographique spécifique et un
guestionnaire utilitaire ont été utilisés pour répartir plus
spécifiquement les limitations physiques imposées par
I'osteogénese imparfaite a I'dge adulte. Les résultats du
SF-36 ont révélé des scores de la fonction physique net-
tement inférieurs aux normes adultes Américaines. Ce-
pendant, le composant mental du score SF-36 était équi-
valent aux normes adultes Américaines. Le questionnaire
démographique a révélé des hauts niveaux d'étude et
d'emploi en dépit d'affaiblissements physiques considé-
rables. Le questionnaire utilitaire a montré des limita-
tions principalement liées al'ambulation.
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Introduction

Osteogenesis imperfecta (Ol) is a genetically heteroge-
neous group of congenital disorders of collagen synthe-
sis characterized by generalized osteoporosis and multi-
ple fractures [5]. Other features of this disease include
scoliosis, hearing loss, dentinogenesis imperfecta, and
generalized ligamentous laxity. The impact of Ol on the
individual is greatly influenced by the severity of the dis-
ease. The spectrum of disease has been outlined by
Sillence [13] and ranges from a severe type that results
in perinatal death to a minimally affected type that re-
sultsin mild bone fragility.

It is acknowledged that the physical limitations im-
posed by Ol may influence social development, self-im-
age and independence. These factors were analyzed by
Shea-Landry and Cole in 1986 [12] and summarized by
Cole in 1993 [4]. Cole, in a study of psychosocia as-
pects of OI, stated that, “The extent to which these
[physical] differences alter lifestyle depend on the sever-
ity of the disorder, its natural history, the extent to which
it affects socia integration, the effect on physical ap-
pearance, and the presence of other affected family
members.” Others have noted anecdotally that individu-
als with Ol have alow incidence of depression and high
potential for social achievement [8, 10].

Much has been written about the molecular basis of
Ol and both medical and surgical treatment for the disor-
der. Few studies have addressed function and quality of
life of individuals with Ol in adulthood [8]. We assessed
previously the specific interrelationship between spinal
deformity, pulmonary compromise, and quality of life
patients with Ol in a subset of the current study group
[17]. The purpose of this study was to attempt to quanti-
fy the physica and mental health of a larger diverse
adult cohort of patients with Ol utilizing the SF-36 and
specific functional and demographic questionnaires.
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Material and methods

Thisis a present cross-sectional survey in which participants com-
pleted three different questionnaires. After approval from the In-
stitutional Review Board, every individual 17 years of age or older
with Ol followed at our institution was invited to participate. For-
ty-two subjects fit the inclusion criteria. One patient, not followed
at our institution, volunteered to participate after hearing about the
study and was included. An introductory letter was sent to each
participant. Those responding affirmatively received the complete
package of questionnaires and consent forms by mail. Thirty peo-
ple (21 women and nine men) completed the questionnaires and
were included in this study. Their average age was 33 years (range
20-50 years).

Three different questionnaires were utilized: (1) The Short-
Form 36 health survey (SF-36), (2) a specific demographic ques-
tionnaire for Ol designed for this study, and (3) one functional
questionnaire: the Functional Independence Measure (FIM).

The SF-36 is a self-reported health assessment tool composed
of 36 questions in eight different domains that examine aspects of
physical and mental health and is widely used to measure health
outcomes in medicine. The four main physical domains are Physi-
cal Function (PF), Role Physical (RF), Bodily Pain (BP), and Gen-
eral Health (GH). The four main mental domains are Vitality
(VT), Sociad Function (SF), Role Emotional (RE), and Mental
Health (MH). Each domain is scored from O to 100. A higher
score is correlated with better mental and physical health. The
physica and mental domains may be combined in two broad
scores, the Physical Component Summary (PCS) and the Mental
Component Summary (MCS) respectively. These two combined
domains are obtained by multiplying each SF-36 scale z-score
(obtained from the SF-36 scale score of the U.S. population) by
their physical factor score coefficient and adding the products of
the eight domains. In summary, these aggregate scores reflect self-
assessed physical and mental activity. The SF-36 also has been
tested extensively for reliability and validity [6, 7, 14, 15, 16].

The specific questionnaire for Ol was designed for this study.
This questionnaire included demographic information addressing
the timing of first fracture, total number of fractures, comorbid
diseases, family history, surgical history, academic and profession-
a achievements, living environment, and the like.

The FIM [18] is a multidimensional functional scale including
areas of cognition, speech, mobility. and activities of daily living
(ADL). The FIM is widely used in rehabilitation settings. The
ADL portion of the FIM was administered to assess traditional
ADL skills including eating, grooming, bathing, dressing lower
and upper body, toileting, toilet transfers, and in-home transfers.
FIM scoring considers all levels of dependence including the need
for increased time for ADLs and the use of assistive devices.

Patients were divided into two main clinical groups based on
the time of the fracture: (1) those who had their first fracture diag-
nosed before or during birth were included in the congenita group,
and (2) those with their first fracture after birth were placed in the
tarda group.

Statistical analysis was performed utilizing the EPI INFO 6
Version 6.0 statistical software package. Statistical significance
was considered to be a P value equal to or less than 0.05 for a
two-tailed test.

Results
Specific questionnaire results

A total of 30 individuals with OI participated in this
study. The summary data for the group as awholeis pre-
sented in Tables 1 and 2. We utilized a simple classifica-
tion scheme in which congenita was defined as the pres-
ence of fractures at or prior to birth, and tarda was de-

Table1l Summary of demographic and health data. UE upper ex-
tremity, LE lower extremity, Ol osteogenesis imperfecta. *Statisti-
cally significant difference

Ol study Congenita Tarda

population
Number of cases 30 18 12
Average age (years) 334 32.6 344
Other Ol siblings 10% 17% 8%
Over 30 fractures 57% 67% 41%
UE surgeriesa 13% 17% 8%
LE surgeries® 37% 39% 33%
Hearing deficit 30% 67% *25%
Dental problem 60% 2% 42%
Scoliosis 53% 61% 42%
Back pain 50% 50% 50%
Depression ¢ 27% 13% 33%

a Percentage of cases with more than one UE surgery
b Percentage of cases with more than ten LE surgeries
¢ Percentage of cases receiving medical treatment

Table2 Summary of social data and mobility status. Ol osteogen-
esisimperfecta. *Statistically significant difference

Ol Study u.s. Congenita Tarda

population  normd
Number of cases 30 18 12
Average age (years) 33.4 32.6 344
Education 2
Not high school 0% 18% 0% 0%
High school 20% 34% 16% 25%
Some college 23% 17% 29% 17%
College 34% 22% 39% 25%
Advanced degree 23% 8% 16% 33%
Marriage
Married b 43% 28% 67%*
Sexual limitations 37% 50% 17%
Had children 23% 22% 25%
Employment
Employment/ 57% 63% 50% 67%

population ratio

Unemployed 32% 6% 40% 20%
Not in labor force 17% 33% 17% 16%
Mobility
Ableto ambulate ¢ 37% 17% 67%*
Unableto ambulate  63% 83% 33%*

a|ndicates full completion

b Includes married, living with significant other, and divorced/sep-
arated

¢ Includes any person able to ambulate with or without assistive
devices

d Year 1995 from the “ Statistical Abstract of the U.S. 1996” (116th
edn)

fined as the presence of fractures noted after birth. The
tarda group had a significantly higher rate of indepen-
dent ambulation. Hearing deficit was a significantly
greater problem in the congenita group and sexual limi-
tations were reported by 50% of this group.
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Fig. 1 Physica domain scores of the Ol group compared to the
U.S. norm. Significant differences are found in Physical Function
(PF), Bodily Pain (BP), and General Health (GH). NS nonsignifi-
cant

100
—
60
201
¢ Social Raole Mental
Y Function | Emotional Health
00l Group 55 a0 80 73
W US Norm &1 a3 81 ]
0P value NS NS NS NS

Fig. 2 Menta domain scores of the Ol group compared to the
U.S. norm. No significant difference could be found in Vitality
(V), Socia Functioning (SF), Role Emotional (RE), and Mental
Health (MH). NS nonsignificant

The study population, as a whole, demonstrated re-
markable levels of achievement in terms of higher edu-
cation compared to the U.S. Census Bureau data (Te-
ble 2). All participants graduated from high school and
80% had attended some college. Employment rates were
comparable to the U.S. population but the unemploy-
ment rate was somewhat higher.

SF-36 results

SF-36 scores were obtained and compared to those of the
general U.S. population (Figs. 1, 2, and 3). Our study
group of 30 individuals had significantly lower scores
than the U.S. adult norm in three of the four domains
measuring physical health — PF, RP, and BP. No signifi-
cant differences between scores were found in those
scales measuring mental health.

Functional questionnaire results
Scores were converted to a percent able score to define

ability. The FIM described the patients as 97% able
(range 60—100%) with only seven of the 23 subjects hav-
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Fig. 3 Physical summary scores were significantly lower than the
U.S. norm whereas the mental summary scores were higher than
the U.S. norm but not statistically different

ing any deficit according the FIM ADL subset. Results
indicate that the study population was very functional
despite described muscul oskeletal limitations.

Discussion

Previous authors have subjectively evaluated the psycho-
logical and social implications of Ol [2, 4, 8, 10, 12].
This study represents an initial attempt to quantify quali-
ty of life and social and functional outcomes in a small
heterogeneous group of skeletally mature patients with
Ol.

Reite et al. in 1972 [10] performed a psychological
evaluation of 12 children with severe OI. They conclud-
ed that the profound disturbance of early motor develop-
ment did not necessarily exert an adverse influence on
emotional and cognitive devel opment.

Moorefield and Miller [8] performed a retrospective
review of 31 adults with Ol who were 17 years and older
and at least ten years out from the last major long bone
surgery. They performed a clinical evaluation that in-
cluded evaluation of education and employment. In this
study 26% of the patients were nonambulatory and
wheelchair bound. Despite motor disabilities these adults
were “productive and socially adaptable individuals.”
Sixty-five percent of the individuals were employed at
the time of the study, and the authors commented on the
“remarkable numbers’ of individuals who had received
education beyond the high school level. Thirty-five per-
cent of the study participants were married.

Bauze [2] noted that the extent of disability in an Ol
study population of 42 individuals ages 2—65 years cor-
responded closely with the severity of the underlying
disease.

In apreviously published study [17] we evaluated the
impact of scoliosis and pulmonary compromise on quali-
ty of life in Ol patients. Scoliosis and pulmonary com-
promise were correlated with lower physical component
scores on the SF-36. The authors are aware of no other
studies of Ol that address quality of life using validated
outcomes instruments. Our current larger study popula-
tion of 30 adults with Ol reported significantly impaired
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physical function compared to the adult U.S. norm.
However, the mental component scores were comparable
to the adult U.S. norm. Individuals with congenita type
Ol had a significantly lower PCS than those with tarda
type Ol, but the MCS scores were similar.

The high educational achievements of our study popu-
lation corroborate the findings of others[8, 10]. All of the
individuals completed high school and 57% achieved col-
lege or postgraduate degrees. It should be noted that se-
lection bias may favor participation of more educated and
literate patients in extensive outcomes studies and sur-
veys. The high employment rate of our study population
also pardlels the educational achievements of these indi-
viduals. Although the ability to ambulate independently
was not correlated with higher academic achievement, the
inability to ambulate independently was correlated with
higher rates of unemployment — 40% of wheelchair users
never had a job as opposed to 0% of the ambulators.

Our study population noted that dental problems
(60%), back pain (50%), and hearing deficit (30%) were
significant health problems. This affirms the findings of
Ault and Sillence [1]. In a 20-year follow-up study of 37
patients conducted in Australia, Sillence found that foot
pain, hearing deficit, and back pain were the most com-
mon physical complaints.

The functional status of patients with Ol has often
been defined by the ability to ambulate, the presence of
contractures, or the occurrence of secondary deformity
such as bowing or scoliosis [3, 8, 11]. The literature lacks
traditional ADL assessments in the Ol population. The
ADL section of the FIM was administered to our study
population in an attempt to define traditional functional
status. A technical adaptation was required because the
assessment recommends face-to-face testing and our geo-
graphically diverse population required assessments be
administered by patient report collected through the mail.

Although the FIM was designed as a comprehensive
evaluation,its use as a unidimensional subset scale has
been discussed in the literature as an option in assessing
segments of function [9]. The FIM described the patients
as 97% able (range 60-100%) with only seven of the 23
subjects having any deficit according the FIM ADL sub-
set. These results indicated that the study population was
overall very functional in spite of the described musculo-
skeletal limitations.

We are aware that the classification of congenita and
tardais not widely used today. There are several reasons
for its use in this work: its simplicity, the small number
of patients, the difficulty in differentiating between types
[l and IV of Sillence in certain cases, and for statistical
reasons.

The conclusions of this study should be applied with
caution since its sample population is not truly a reflec-
tion of the total Ol population but of a subset of patients
receiving ongoing orthopedic follow-up.

Our study helps to quantify the physical, mental, so-
cia, and functional limitations imposed by OI. Despite
significant measurable physical limitations individuals
demonstrated high social achievement including high

levels of academic achievement and employment. Am-
bulatory status did not correlate with overall health sta-
tus or academic achievement, but inability to ambulate
was correlated with a higher rate of unemployment. Fur-
ther study with a larger cohort of patients may allow us
to assess the impact of surgical intervention on quality of
lifein individuals with Ol.

References

1. Ault J, Sillence D (1996) A 20-year follow-up of osteogenesis
imperfectain Victoria, Australia. 6th International Conference
on Osteogenesis Imperfecta. Zeist, The Netherlands

2. Bauze RJ, Smith R, Francis MJ (1975) A new look at osteo-
genesis imperfecta. A clinical, radiological and biochemical
study of forty-two patients. JBone Joint Surg [Br] 57:2-12

3. Binder H, Conway A, Gerber LH (1993) Rehabilitation ap-
proaches to children with osteogenesis imperfecta: a ten-year
experience. Arch Phys Med Rehabil 74:386-390

4. Cole DEC (1993) Psychosocial aspects of osteogenesis imper-
fecta: An update. Am JMed Genet 45:207-211

5. Gertner JM, Root L (1990) Osteogenesis imperfecta. Orthop
Clin North Am 21:151-162

6. Jenkinson C, Wright L, Coulter A (1994) Criterion validity
and reliability of the SF-36 in a population sample. Qual Life
Res 3:7-12

7. McHorney CA, Ware JE, Jr. Lu JF, Sherbourne CD (1994) The
MOS 36-item Short-Form Health Survey (SF-36): 111. Tests of
data quality, scaling assumptions, and reliability across diverse
patient groups. Med Care 32:40-66

8. Moorefield J, W.G. Miller GR (1980) Aftermath of osteogene-
sis imperfecta: The disease in adulthood. J Bone Joint Surg
[Am] 62:113-119

9. Ravaud JF, Delcey M, Yelnik A (1999) Construct validity of
the functiona independence measure (FIM): questioning the
unidimensionality of the scale and the “value” of FIM scores.
Scandinavian Journal of Rehabilitation Medicine 31:31-41

10. Reite M, Davis K, Solomons C, Ott J (1972) Osteogenesis im-
perfecta: psychological function. American Journal of Psychi-
atry 128:1540-1546

11. Shapiro F (1985) Consequences of an osteogenesis imperfecta
diagnosis for survival and ambulation. J Pediatr Orthop
5:456-462

12. Shea-Landry GL, Cole DEC (1986) Psychosocial aspects of
osteogenesis imperfecta. Can Med Assoc J 135:977-981

13. Sillence D (1981) Osteogenesis imperfecta: an expanding pan-
orama of variants. Clin Orthop 159:11-25

14. Tarlov AR, Ware JE, Jr. Greenfield S, Nelson EC, Perrin E,
Zubkoff M (1989) The Medical Outcomes Study. An applica-
tion of methods for monitoring the results of medical care.
Jama 262:925-930

15. Ware Jr. JE, Kosinski M, Bayliss MS, McHorney CA, Rogers
WH, Raczek A (1995) Comparison of methods for the scoring
and statistical analysis of SF-36 health profile and summary
measures. summary of results from the Medical Outcomes
Study. Med Care 33:AS264-279

16. Ware Jr. JE, Kosinski M, Keller SD (1994) SF-36 Physical and
Mental Health Summary Scales: A User's Manual. 4th ed Bos-
ton: The Health Institute, New England Medical Center

17. Widmann RF, Bitan FD, Laplaza FJ, Burke SW, DiMaio MF,
Schneider R (1999) Spinal deformity, pulmonary compromise,
and quality of life in osteogenesis imperfecta. Spine 24:1673—
1678

18. Williams BC, Li Y, Fries BE, Warren RL (1997) Predicting pa-
tient scores between the functional independence measure and
the minimum data set: development and performance of a
FIM-MDS “crosswalk” [published erratum appears in Arch
Phys Med Rehabil 1998 Feb; 79 (2):231]. Arch Phys Med Re-
habil 78:48-54



