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Exercise in osteogenesis imperfecta
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Angela Nogueira Neves Betanho Campana?®

ABSTRACT

Osteogenesis imperfecta (Ol) is a genetic disorder of the connective tissue, characterized by bone
fragility and low bone density, with a broad spectrum of clinical expression. Oriented physical exercise is
recognized as a relevant conservative treatment option. Objective: To gather and systematize knowledge
related to physical fitness testing, choosing exercises, load progression, and training systematization for
persons with Ol. Method: Databases from SciELO, LILACS, MedLine, Scopus, PubMed, Web of Science,
PEDro and the Cochrane BVS were searched. Two independent reviewers selected the eligible studies.
All randomized controlled clinical trials, transversal exploratory studies, case reports, and experience
reports that described physical exercise intervention and physical fitness testing; general rules for physical
activity and reported physical activity effects were included. Results: The electronic search yielded a
total of 961 references published in English, Portuguese, French, and German. After analyzing previously
established inclusion criteria, 9 studies were included, only two of which were controlled clinical trials.
All the recommendations and conclusions found were oriented toward children, since all the studies had
this population as a target. Only two studies included samples of adolescents up to the age of 12 years.
Ol types | and IV were investigated and some of the recommendations were extended to the other types
of Ol. Swimming is the exercise recommended most often. Strengthening exercises, with a slow addition
of weight were also recommended, as well as aerobic exercises on bicycles, stationary or not. There are
some special considerations in handling and treatment for this public that should be taken to avoid trauma.
Conclusion: It was possible to obtain some systematization and orientation to conduct conservative
treatment interventions with a physical exercise program; however, evidence to support any prescribed
exercise and training development for persons with Ol is still scarce.
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INTRODUCTION

Osteogenesis Imperfecta (Ol), also known
as Lobstein’s disease, is one of the most com-
mon genetic disorders,* with an incidence es-
timated in 1:20,000 to 1:25,000 births around
the world.? In Brazil, there are no epidemio-
logical studies about Ol, but it is estimated
that approximately 12,000 Brazilians live with
Osteogenesis Imperfecta.?

Osteogenesis Imperfecta is a gene-
tic disorder characterized by a qualitative
and/or quantitative deficiency in the synthesis
of collagen type 1. About 90% of the patients
carry an autosomal dominant inheritance cau-
sed by mutations in the genes that codify the
COL1A1 and COL1A2 chains.* Recently, seven
other variations of Ol have been described,
from V to Xl, in which the mutations were not
found on those genes.>®

The phenotypical manifestation of Ol is
quite varied.” Skeletal clinical characteristics
of Ol include bone fragility, low bone density,
and the presence of Wormian bones in the
cranium.® The blue or grayish sclera, the denti-
nogenesis imperfecta, hyperlax ligaments and
hypermobility of joints, cutis laxa, low height,
and auditory deficiency are clinical exoskele-
tal characteristics commonly observed.® Less
common, but also important, is the occurren-
ce of mitral valve prolapse, aortic stenosis,
and aortic dilatation.*®

The Sillence! classification has been used
to categorize Ol, considering clinical, genetic,
and radiological criteria in up to 4 types: |, 1, 111,
and IV. Types | and IV are those with the best
prognoses, with type | affecting approximately
50% of the population with osteogenesis im-
perfecta. Types Il and Il are the most severe
forms of osteogenesis imperfecta, characteri-
zed by severe bone deformities and very short
life expectancy, when there is no death in the
neonatal period. Recently, seven other types
of osteogenesis imperfecta have been identi-
fied, with the types V and VI clinically similar
to type IV-however, type V has unknown cau-
ses and type VI is caused by an alteration in
the SERFINF1 gene. Types VII, VII, IX, X, and
XI are severe types of osteogenesis imperfec-
ta caused by recessive autonomic mutations
in the CRTAP, LEPRE1, PPIB, SERPINH1, and
FKBPIC genes, respectively>® (Table 1).

The current options for the treatment of
Ol are not efficacious in curing this disease.
The treatment of Ol then seeks to reach ma-
ximum levels of mobility, independence for
daily life activities, and social integration,
in addition to minimizing the occurrence of
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Table 1. Classifications of the Ol types*¢

Exercise in osteogenesis imperfecta

Gene where the mutation is

Type of Ol Inheritance Severity located
| Autosomal dominant Slight COL1A1
Il Autosomal dominant Severe, potentially lethal COLTA1 or COL1A2
0 Autosomal dominant prggrcecs’s'}‘vzséeegﬁ;yion COLIAI or COLIA2
v Autosomal dominant Moderate COL1A1 or COL1A2
\ Autosomal dominant Moderate Unknown
\ Autosomal recessive Moderate SERPINF1
Vi Autosomal recessive Severe to lethal CRTAP
VI Autosomal recessive Severe fo lethal LEPRE1
IX Autosomal recessive Moderate to lethal PPIB
X Autosomal recessive Severe fo lethal SERPIHN1
XI (Bruck syndrome 1) Autosomal recessive BEEemEs SRS By FKBP10

progressive deformation

fractures and the occurrence of deformities in
the upper and lower limbs.?*3

In this context, the practice of supervised
physical exercise is an important therapeu-
tic resource, even if its effect has not been
confirmed in the course of the Ol per se.
It is noteworthy that the Ol is not a disease
that precludes the practice of physical exer-
cise, for there are reports in the literature of
athletes with Ol, such as a weight lifter,** an
American football player,”® and an Olympic
rowing champion.® In the conservative treat-
ment of Ol for adults and children, physical
exercise can aid in the increase of muscular
strength and improvement of cardiovascular
conditioning,* which can help maintain mobili-
ty and prevent comorbidities, especially those
of the cardiorespiratory system.’

Despite the recognition of these potential
benefits and that Ol is not an absolute obsta-
cle for the practice of physical exercise, very
little has been written on this subject.

OBJECTIVE

The objective of this review was to collect
and systematize the knowledge referring to
physical evaluation, indication of exercises,
load progression, and systematics of training
for people with osteogenesis imperfecta.

METHOD

Data search

The databases of SciELO, LILACS, MedLine,
Scopus, PubMed, Web of Science, PEDro,
and Cochrane BVS were used to search for
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articles, with no limit on dates. The keywords
“osteogenesis imperfecta” and “Lobstein’s
disease” were combined with the Boolean
operator AND with the following keywords:
“exercise,” “exercise program,” “physical
activity,” “sport,” “physical training”, “exer-
cise therapy,” “physical rehabilitation,” and
“physical education.” In the search, articles
in Portuguese, English, French, and Spanish
were considered?

Inclusion criteria

Randomized clinical studies, transversal
exploratory studies, clinical case reports,
and experience reports in which there was
a description of physical exercises used
and/or tests used in physical evaluations
were included.

Studies made with both genders of chil-
dren, adolescents, adults, and the elderly
diagnosed with any type of Ol were eligible.

Studies that investigated or compared
the interventions made in a hospital environ-
ment, in adapted physical activity programs,
or in multidisciplinary rehabilitation pro-
grams that involved physical exercises were
selected. Transversal studies that investigated
appropriate tests for the physical evaluation
of patients with Ol, performed in a hospital
environment, in adapted physical activity pro-
grams, or in multidisciplinary rehabilitation
programs were also selected.

Studies that described the physical exer-
cises and the physical evaluation tests used,
that described load progression, that iden-
tified types of appropriate exercise for the
population or that described general care in
the handling of the patient with Ol during the
practice of physical exercise were listed.
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Selection system for the articles

Two independent researchers selected
the eligible studies, identifying them by title
and eliminating those that clearly were not
related to the central theme of the review.
After that, all the abstracts of the articles
selected were analyzed in accordance with
the inclusion criteria previously established
for this study. In the third stage of identifi-
cation of the relevant works, complete texts
of the articles selected were read and analy-
zed, also in accordance with the inclusion
criteria. In this stage, the references of the
articles selected for a complete reading were
also analyzed so as to identify any relevant
work that might not have been identified in
the electronic search. At the end of the in-
dependent selection, the researchers compa-
red their lists and found only one divergence,
which was solved by consensus. Finally, the
list of works for the review was established.

All the articles selected were analyzed and
organized by category, according to the type
of information they contained: (1) physical
evaluation, (2) types of physical exercises re-
commended, (3) training protocols, (4) gene-
ral recommendations in the handling during
the physical exercise, and (5) effects of physi-
cal exercise done regularly. These categories
are shown in the results section.

RESULTS

The bibliographic research was done
including the titles published until July of
2013. The electronic search resulted in a
total of 961 references. The final selection
was defined through consensus between
both researchers and resulted in nine stu-
dies (Figure 1): a randomized clinical study, a
non-randomized clinical study, a transversal
study, a case report, and the remaining were
experience reports.

It is noteworthy that, in accordance with
the PEDro criteria, the randomized clinical
study can be considered as of good quali-
ty, reaching grade 8.2* Among all the studies
identified, only two'®* had conclusions and
recommendations specific to adolescents and
children, while all the other studies were di-
rected exclusively to children. Table 2 summa-
rizes the main information referring to the stu-
dies included in this review.

The application of the physical evaluation
before any physical activity and in the moni-
toring of the physical exercises program is a

SciELO: 0 references; LILACS: 4 references; MedLine: 199 references; Scopus: 196
references; PubMed: 472 references; Web of Science: 72 references; Sport
Discus: 16 references; Cochrane (BVS): O references; PEDro: 2 references

&

Total: 961 references

787 duplicate titles

&

174 works to be
analyzed

146 fitles excluded

&

28 relevant titles

2 abstracts excluded

&

26 abstracts read

L o

17 articles excluded
by consensus

Evaluation of references:

3 potential references of
interest fo the study, not
identified in databases

3 articles excluded
by consensus

9 arficles selected

Figure 1. System for the selection of results

practice inherent to any physical training pro-
gram, in order to guarantee the safety and ef-
fectiveness of the work.?

In a transversal design, Takken et al.*® evalua-
ted the muscular strength and the cardiorespira-
tory conditioning of 17 patients with Ol type I.
For the strength evaluation, the isometric stren-
gth of the shoulder abductors, hip flexors, dorsal
flexor of the ankle was measured, as well as the
maximum isometric form of manual gripping
with the use of a hand dynamometer. The same
choice for the type of test and variables evalua-
ted was used by Van Brussel et al.*® in his rando-
mized clinical study, to evaluate the strength of
34 patients with Ol types | and IV.

The equipment used to evaluate the car-
diorespiratory capacity in the study of Takken
et al.?® was also identical to that chosen by
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Van Brussel et al.’® - a cycle ergometer with
electronic brakes. However, Takken et al.*®
adopted a protocol?! to conduct the test, in
which the workload increased by 10, 15 or
20 Watts/minute, depending on the estima-
ted physical capacity of the participant, with
the test lasting between 8 and 12 minutes
maximum. Van Brussel et al.’® adopted a diffe-
rent protocol® in which the participant peda-
led for 1 minute without load, as a warm-up,
followed by an increased load of 15 to 20 wat-
ts/minute. In this study, a cardiac monitor was
used to determine the maximum heart rate. In
both studies, a gas analyzer was used for the
evaluation of the VO, peak.

No incident, muscular injury, or fracture
resulting from the physical evaluation was
reported in the studies.
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Supervised

Type of exercise

Characteristics of

49 children less

than 7 years old; 12
children between 8
and 10 years of age

Non-randomized
clinical study

Binder et al.?®

Binder? Experience

report

Not applicable

Takken et al.’” Transversal study 17 patients from both
genders, between 8

and 21 years of age,
with average age of

13.3 (£ 3.9 years)

van Brussel et al.'® ~ Randomized 33 children and ado-
clinical study lescents, between
8-18 years old
Monti et al.? Experience Not applicable
report
van Brussel et al.?  Experience Children
report

llor IV (majority)  Not specified Yes

Noft specified Not specified Not applicable

| Evaluation of the
VO, peak through
the protocol for
bicycle with electrical
brakes; evaluation of
strength with manual
dynamometer

Not applicable

land IV Evaluation of the
VO, peak through
the protocol for bi-
cycle with electrical
brakes; evaluation of
strength with manual
dynamometer;
evaluation of HRmax
with cardiac monitor

not in 1x/week

LAV, V, VI, VI
VI, and XI

Noft specified Not applicable

Noft specified Not applicable

Yes, in 2x/week;

swimming

Aerobic aquatic
exercises and resistance
exercises; solo resistance
exercises

Aerobic aquatic
exercises and resistance
exercises; solo resistance
exercises; stretches for
upper limbs

Not applicable

Aerobic exercises and
resistance exercises

For Ol type I and IV:
aerobic exercises and
resistance exercises

For Ol types Il to IX:
swimming and localized
exercises in water

Aerobic exercises com-
bined with resistance
exercises

Study Type of study Sample/Target public  Type of Ol Physical evaluation exercise recommended/ the physical training
performed performed
Brooks? Case report 1 child, female, Noft specified Noft specified Yes Localized resistance Not provided
10 years old exercises
Binder et al.? Experience 3 babies and 1 I} Noft specified Not applicable Swimming and Swimming: 2x/week,
report pre-adolescent resistance exercises, the most the child can
playful breathing tolerate.
exercises, restricted to Strength: light weights,
passive stretching set away from extremi-
fies, with increases of 28
grams af a time.
Breathing exercises: not
provided
Gerber? Experience 12 small children I, lll, and IV Noft specified Not applicable Resistance exercises for Strength: practiced daily,
report weakened musculature, for a few minutes.

Swimming: not specified

Program established in a
development sequence
(cephalocaudal;
cenfrodistal).

Program established in a
development sequence
(cephalocaudal;
cenfrodistal).

Not applicable

12-week program (30 ses-
sions) Typical session: 10
minutes warm-up, 10 mi-
nutes of aerobic activity,
15 minutes of resistance
exercises and free playful
activities, 10 minutes to
cool down and return to
rest. Aerobic exercises
between 60%-80% of the
HRmax; resistance exer-
cises with light weights,
maximum of 1 kg

Not provided

Aerobic exercises: mode-
rate intensity

Resistance exercises:
with no additional load
or with loads no greater
than 1 kg

Localized muscular resistance exercises
are also mentioned, including for very small
children.??¢ For them, the recommendation
is that the resistance work not be genera-
lized, but focused on the most weakened
muscles: the hip extensors, abductors, and
postural musculature,? with more emphasis
for those children who need tutors. For older
children and adolescents'®?® there is no des-
cription of this focus, even with the inclusion

of general strength training used in the
12-week intervention protocol.’* However,
there is no description of a more appropriate
type, whether with free weights or in regular
or adapted machines.

For small children, it is recommended that
playful breathing exercises, such as making
soap bubbles, filling in air balloons, and
blowing pinwheels become part of the reper-
toire of playful activities of the child.?

The practice of aerobic exercise to pre-
vent chronic-degenerative diseases and to
preserve the respiratory capacity seems
to be a consensus in the studies selected.
Among the aerobic exercises, swimming was
the most frequently mentioned,??® including
people with more severe types of OL.?’ The-
re is no mention of a suitable temperature
for the practice of aquatic exercises for the
population with OlI.
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Passive exercises for joint mobility are
strictly forbidden? for small children with any
type of Ol. For older children with Ol type |
or IV, contact sports, physical activities or
sports that demand sudden rotation move-
ments, and also high intensity interval aerobic
training are contraindicated.?®

For very small children the logic in the or-
ganization of the sequence of exercises and
the type of exercise to be practiced obeys a
sequence of development, cephalocaudal
and centrodistal, beginning with controlling
the upper part of the trunk and head, going
to the acquisition of a prone position, to the
seated position and to the standing position,
if that is possible.?® As for the load incremen-
ts in aquatic activities, the idea of wearing
clothes with long sleeves was observed in the
pool, for it would absorb water and create
more resistance, distributing it more equally
on the upper and lower limbs.?% The re-
commendation to practice swimming at least
twice a week was also observed, for as long
as the child could tolerate.?®?* For the resis-
tance exercises, as soon as the child begins
to move its limbs against gravity, the use is
recommended of progressively heavier toys,
with increments of weight limited to 1 ounce
(approximately 28 grams).?® Resistance exer-
cises must be practiced for a few minutes
every day.?* All the general recommendations
described above were developed through
the work of teams with small children and ol-
der children - babies up to about seven years
old - with various types of Ol, especially the
types |, lll, and IV.

Still, in general, for older children with Ol
type | or IV, a program is recommended of
moderate aerobic exercises combined with re-
sistance exercises with light weights (such as
weights equal to or lighter than 1 Kg).?®

The only study that describes a training
protocol that can be reproduced, at least for
the most part, is the one from Van Brussel
et al.®®* intended for children and adolescents
with Ol type | or IV. A typical session of this
program lasted 45 minutes, with 10 minutes
of warm-up, 10 minutes of aerobic activity,
15 minutes of resistance exercises and free
playful activities, and 10 minutes to cool
down and return to rest. In the 12-week pro-
gram, the aerobic activities (not specified in
the study) had an intensity that varied be-
tween 60% and 80% of the maximum work
capacity. The resistance exercises were done
with light weights not over 1 kg. The frequen-
cy of the exercises varied from 2 to 3 times

a week, with 2 times a week at the hospital
under the rehabilitation team’s supervision
and once a week at home (but only after the
sixth week of intervention).

The studies that mentioned the importan-
ce of physical exercise for patients with Ol em-
phasized the need for the training program to
be individualized and supervised.'®

It is recommended that the professional
guiding the exercise for the patient with Ol
of any type, not apply pressure or weight to
the extremity of the limbs, to prevent crea-
ting a long lever arm, which could cause a
fracture.?>?° Thus, the professional must avoid
holding the patient by the arm or by the hands
while helping the patient to position or balan-
ce himself when changing exercises, equip-
ment, or postures. The patient should prefe-
rably be supported by the trunk, so that the
pressure of the hands and the strength of the
therapist can be better distributed. Diagonal
movements or those with rotation of the lim-
bs must be avoided with the special purpose
of preventing fractures.?

Evidence of the effects of physical exerci-
se done regularly is scarce. Only one rando-
mized clinical study was made with a sample
of patients with Ol and with a physical exerci-
se program as an independent variable. After
an intervention and 12 weeks of moderate
aerobic exercises and resistance exercises,
Van Brusell et al.'® reported a statistically
significant improvement for his experimental
group in the VO, peak (17% improvement), in
the maximum aerobic work capacity (10%),
and in the contraction force (12%), when
comparing them with the control group.
However, after two months of interruption in
the exercises, significant reductions of these
gains could be noticed and that was inten-
sified after 5 months of interruption in the
exercise program. In relation to the psycho-
social aspects, Van Brussel et al.’® reported
that the exercise program promoted signifi-
cant alterations in the perception of fatigue,
but not in the quality of life and in the percei-
ved competence. No fracture was reported
during the practice of the exercises.

It is relevant to bear in mind that the re-
ports and experiences of the specialized treat-
ment centers®?* show that children with hi-
gher levels of physical activity are more prone
to have and/or have had more fractures than
sedentary children. Nonetheless, they empha-
sized that the fractures were due to falls and
traumas, rather than from the practice of phy-
sical exercises per se.
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DISCUSSION

The objective of this review was to col-
lect and systematize the knowledge refer-
ring to physical evaluation, indication of
exercises, progression of load, and systema-
tics of training for people with osteogenesis
imperfecta. This systematization could be
an interesting resource for multidisciplinary
teams that care for the severely disabled,
since the gathering of information presen-
ted here offers a direction as to the form of
action and expected effects of the practice
of physical exercises and sports for people
with Ol.

The studies found in which the interven-
tion with physical exercises is described, with
greater or smaller details and information,
concentrate on small children, with Ol types
| and IV.2?° Adolescents were recruited for
only two studies,*®* and even then they were
included in mixed samples with children as
young as 8 years old. There is a clear gap in
the investigation of the effects and parame-
ters for physical exercise training for the Ol
types other than | and 1V, as well as for adul-
ts and adolescents with all types of Ol. It is a
fact that, after adolescence, the number of
spontaneous fractures not related to traumas
tends to diminish. However, women with Ol
who reached menopause are more susceptib-
le to fractures,® and probably the recommen-
dations and conducts gathered here do not
apply directly to this group. These alterations
related to age and hormonal changes may
have an important impact on the prescription
and monitoring of physical exercise training,
but so far, this is a theoretical speculation, sin-
ce no transversal studies have been conducted
yet to confirm the pertinence of the impact of
these alterations.

In general, for small children and adoles-
cents up to 12 years old with Ol type | or IV,
aerobic exercises confirm their relevance in
preventing cardiorespiratory complications
that may occur either due to muscle weak-
ness in the respiratory musculature, to heart
valve alterations, or to vascular alterations.
Swimming is the aerobic exercise most re-
commended, but there are no reports of its
effect in the aerobic capacity of people with
Ol. In terms of intensity, for older children and
adolescents, the load recommended is from
light to moderate (60%-80% maximum capa-
city), with a frequency of 2 to 3 days a week,
with sessions lasting 20 minutes, between
warm-up (10 minutes) and the main session
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(10 minutes).®?*? Intense aerobic interval
trainings are contraindicated.?®

Aquatic exercises can also strengthen
muscles, in hydrogymnastics or in hydrothera-
py, especially for small children, even before
they start walking.?*?> In this environment, the
use of pants or shirts with long sleeves is the
recommended way to increase the load in dis-
tributed form.?*?> As for the remaining streng-
th exercises, there is the recommendation to
avoid long arm levers, which can be accom-
plished by not applying a load on the distal
extremity of the limbs.?>?° The analysis of this
recommendation implies that in a standard
workout room, weight lifting, exercises with
ankle weights, flexor and extensor chairs, and
exercises with pulleys attached to the feet or
wrists must be avoided. Abductor and adduc-
tor machines for the thighs that are fixed only
to the knee, pec-deck machines that hold only
half of the forearm or the hands, without su-
pport being distributed throughout the femur
and forearm, respectively, must be avoided in
the prescription of exercises for older children
and adolescents. There is no specific recom-
mendation or determination as to the intensi-
ty of workload, only a general orientation that
the weights be no heavier than 1 kg.?® There
is no recommendation on the load progres-
sion for older children or adolescents, only for
small children, and that must not be heavier
than 28 grams per session (1 0z).* As for the
frequency and duration of the sessions, for
older children or adolescents, 2 to 3 times a
week, for 15 minutes,*® for smaller children
every day for a few minutes were the recom-
mendations found.*

Stretches are described as important to
prevent contractures that may hamper the
gait. Reading the articles gathered allowed the
inference that stretches are identified as part
of a physiotherapy program,*? but not as
part of the regular physical exercise program
and sports. There was no directive on stret-
ches in the works selected, only the warning
that passive stretches are strictly forbidden for
small children.? For older children and adoles-
cents, contact sports and sports with sudden
changes of movement with diagonal rotation
are contraindicated.?®

The physical education professional or
physiotherapist who works with physical
exercises applicable to people with Ol must
focus mainly on promoting gains and avoi-
ding fractures that are traumatic or caused
by the inappropriate choice of exercises or

of load progression. The two initial and im-
portant steps in this direction for the training
program are appropriate evaluation and indi-
vidual planning. Cautions that reduce the risk
of accidents in the performance of exercises
are to promote the appropriate distribution
of load along the limbs, to avoid creating
pressure points, and to avoid diagonal or
rotational movements.

CONCLUSION

Despite the relevant information in the
works identified in this study, which allowed
us to systematize recommendations for the
work of the physical educator and physio-
therapist regarding physical exercises and
sports, there is a clear need for more scienti-
fic research that will help to establish a safer
practice of intervention determining para-
meters for the evaluation and prescription
of exercises, as well as for the load progres-
sion and for the planning of physical training.
Brazil, especially, needs this type of study.
The fact is that large samples of this specific
public are not easy to gather. Nevertheless, if
the rehabilitation teams that care for these
patients and the para-sports technicians who
work with athletes with Ol describe their way
of intervention by reporting tests, chosen
exercises, intervention protocols, and/or the
training cycles adopted, as well as the evolu-
tion of the patient or athlete with OI, a more
comprehensive understanding and an impro-
vement in the care of this population may
be achieved in the future. The same goes
for the technicians of Paralympic teams with
athletes with OI.
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