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Background: The Pediatric Outcomes Data Collection Instrument
(PODCI) is a validated quality-of-life questionnaire with 6 domains
designed to provide a standardized method of measuring outcomes
in pediatric musculoskeletal conditions. To our knowledge there
are no reports on its use in children with multiple hereditary
exostosis (MHE).
Questions/Purposes: Most published studies on MHE patients
have described the efficacy of specific surgical techniques or the
specification of deformities. Little is known about the general
health status of pediatric patients, the severity of pain, loss of
function, and how MHE influences the activities of daily life. We
aim to assess the functional levels of MHE pediatric patients with
PODCI questionnaire.
Patients and Methods: As a cross-sectional study, we pro-
spectively administered PODCI to 34 pediatric patients diag-
nosed with MHE and their families. The score distributions were
compared with values published earlier for children and adoles-
cents without musculoskeletal disorders using the Student and
Welch t tests. Parents and adolescents’ reports were compared
using Wilcoxon signed rank test. Physical examination and
PODCI score relation were evaluated by Spearman test.

Results: Children with MHE have significantly lower scores
(P< 0,05) in comparison with unaffected children in all domains
using the Student and Welch t test. Parents score differs from
children score with statistically relevance in pain and comfort
domain (P< 0,5). The Spearman test showed a negative corre-
lation between physical examination and PODCI score with
statistical significance.
Conclusions: These results point towards PODCI’s capacity in
evaluating functional outcomes of pediatric patients with MHE.
Level of Evidence: Diagnostic Study, Level III.
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The main goal of orthopaedic interventions is to im-
prove health and physical function of patients, and

thus their quality of life. It is difficult to measure and
quantify functional health in children as functional per-
formance increases with normal neurological maturation.1

The patient is the most important source of information
regarding its health status.2 With young or intellectually
impaired children, the parent is the proxy, and in many
instances, they do not accurately reflect the child or
adolescent perceptions.1

The Pediatric Outcomes Data Collection Instrument
(PODCI) was developed in 1994 by the American
Academy of Orthopaedic Surgeons and the Pediatric Or-
thopaedic Society of North America (POSNA).1 It is a
self-report scale designed to provide a standardized
method of evaluation of musculoskeletal conditions in
pediatric population. It consists of 6 domains: (1) upper
extremity function, (2) transfers and mobility, (3) sports
participation, (4) pain and comfort, (5) global function,
and (6) happiness with physical condition. Each domain is
given a numerical score from 0 to 100, which 100 repre-
sents the highest level of function.1 The advantages of
using PODCI includes an easy administration to patients,
parents and caretakers, and, relevance to their interest.
The PODCI has been validated and shown to be reliable
and sensitive to changes.1 Because of its properties, the
PODCI was translated and validated in multiple
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languages.3–7 It has earlier been evaluated in children with
many conditions, such as cerebral palsy,8,9 scoliosis and
kyphosis,10,11 arthrogryposis,12 obstetric brachial palsy,3,13–15

type 1 neurofibromatosis,16 mucopolysaccharidosis,17 idio-
pathic juvenile arthritis, and obesity.6,7,18

The Brazilian version was translated and validated
in 2013 by Do Monte FA et al7 with 57 patients. To our
knowledge, PODCI was never used to evaluate children
with multiple hereditary exostoses (MHE).

MHE is a rare disorder with an autosomal dominant
inheritance though to arise in around 1 in 50.000 in-
dividuals. Tumor suppressor genes EXT1 and EXT2 are
involved with the etiology of the characteristic non-
malignant bone tumors covered by cartilage that appear in
the metaphyseal region, close to the growth zone, of long
bones, ribs, hips, and vertebraes.19,20 The symptoms are
frequently related to the size and location of the exostoses,
varying from totally asymptomatic to severe pain and
deformities, potentially interfering in daily activities and
psychosocial well-being.19–22

METHODS
Cross-sectional prospective research was performed

in 2 Institutions by the rules and authorization of the
Brazilian Ethical Research Committee (Comitê de Ética
em Pesquisa – CEP). Recommendations and approval of
both institutions’ Ethical Research Committees were
respected before the beginning of the study.

Children and adolescents with MHE diagnosed by
the oncological service in our Institutions with follow-up

or first evaluation between October 2017 and August 2018
were candidates for inclusion. Patients under completion
of 2 years old or aged over 18 years old were excluded.
The diagnosis of solitary osteochondroma was an ex-
clusion criterion regardless of musculoskeletal secondary
disorders. The non-agreement or consent by the subject or
its legal guardians was also an exclusion criterion at any
time of the study.

After PODCI’s terminology, were considered chil-
dren patients between 2 and 10 years old, meanwhile pa-
tients between 11 and 18 years old were considered
adolescents. Children and adolescents will be referred
collectively as patients in this paper.

The PODCI questionnaire was administered to pa-
rents of patients between 2 and 18 years old and to ado-
lescents (11 to 18 y old). All patients were evaluated by
physical examination which assessed lower extremities
coronal alignment, leg length discrepancy, pain complain,
and upper extremities mobility based on Leung and
Peterson Classification System.23

The main objective of this study was to evaluate the
results of PODCI for children and adolescents with MHE.
Secondary objectives were to correlate physical examina-
tion with PODCI results, and to assess differences between
parents’ report and adolescents’ self-report outcomes.

The Student t test and Welch t test were used to
compare mean scores between children and adolescents
without musculoskeletal disorders and patients with
MHE.1 Wilcoxon signed rank test was used to compare
parent-reports and adolescents self-reports. The assessment

TABLE 1. Descriptive Statistical Analysis of MHE Patients Data
N Min Max Mean Std* CI 95 Skewness z-score t test P-value Welch test P-value

Global functioning scale
A† 23 41 100 83,83 13,90 (77,8-89,8) −2,64 < 0,05 < 0,05
PA‡ 23 49 100 78,96 15,70 (72,2-85,7) −1,00 < 0,05 < 0,05
PC§ 11 50 98 80,55 15,88 (69,9-91,1) −1,33 < 0,05 < 0,05

Happiness scale
A† 23 30 100 84,35 15,54 (77,6-91,1) −4,60 0,49 0,45
PA‡ 23 5 100 72,61 29,19 (60,0-85,2) −2,24 < 0,05 0,16
PC§ 11 40 100 77,73 20,54 (63,9-91,5) −1,51 < 0,05 0,08

Pain/comfort scale
A† 23 8 100 68,65 27,35 (56,8-80,5) −1,11 < 0,05 < 0,05
PA‡ 23 0 100 58,09 29,59 (45,3-70,9) −0,14 < 0,05 < 0,05
PC§ 11 35 100 70,27 21,91 (55,6-85,0) −0,26 < 0,05 < 0,05

Sports and physical functioning scale
A† 23 21 100 80,65 20,41 (71,8-89,5) −2,98 < 0,05 < 0,05
PA‡ 23 17 100 74,78 22,86 (64,9-84,7) −2,12 < 0,05 < 0,05
PC§ 11 40 95 78,73 19,85 (65,4-92,1) −2,16 < 0,05 0,08

Transfer and basic mobility scale
A† 23 60 100 92,65 12,06 (87,4-97,9) −3,92 < 0,05 < 0,05
PA‡ 23 73 100 92,09 7,88 (88,7-95,5) −2,02 < 0,05 < 0,05
PC§ 11 74 100 91,36 10,77 (84,1-98,6) −1,03 < 0,05 0,06

Upper extremity scale
A† 23 67 100 93,22 9,35 (89,2-97,3) −3,37 < 0,05 < 0,05
PA‡ 23 38 100 91,26 14,70 (84,9-97,6) −5,43 < 0,05 < 0,05
PC§ 11 48 100 81,64 20,61 (67,8-95,5) −1,46 < 0,05 0,13

*Standard deviation.
†Adolescents self-report.
‡Parents of Adolescents report.
§Parents of Children report.
Max indicates maximum; Min, minimum; N, number.
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of physical examination was related to PODCI scores using
the Spearman test. The skewness z-score was used to eval-
uate the discriminative property between individuals
(“ceiling/floor effect”).

Statistical significance was defined as P-value <0.05
in a 2-tailed test. Data analysis was performed using SciPy
1.1.0 open-source software.

RESULTS
A total of 34 patients met the criteria to be included

in this study. There were 21 male and 13 female, of those,
11 children and 23 adolescents. All questionnaires were
sufficiently complete to calculate a score for all domains.
Thirty-three patients had full assessment of physical ex-
amination.

The descriptive statistics of PODCI responses for
children and adolescents with MHE is shown in Table 1.
The mean scores for patients with MHE were significantly
lower than the mean aggregated scores for children and
adolescents without musculoskeletal disorders (Table 2) in
all domains using Student and Welch t tests (Fig. 1).

Wilcoxon test shows no significant difference among
all pairs of comparison between pediatric self-reports and
parent proxy-reports in all domains, except Pain, and
Comfort Scale. (Table 3). In all domains, the parent mean
score (PA) was lower than the adolescent mean score (A).
The skewness z-score for children with MHE was below
zero (Table 1).

Pain, range of motion of upper extremities, and co-
ronal alignment and dysmetria of lower extremities were
assessed by physical examination and compared with
PODCI score using Spearman test. On the basis of Leung
and Peterson Classification System,23 alterations on
physical examination in the upper extremities were in-
dicated on a binary score that ranged from 0 to 15 (from
less impairment to great impairment). It was shown a
distribution range of physical examination from 0 to 10.
The comparison between physical examination and parent
based reports (N= 33) showed a negative correlation
(−0,43) with statistical significance and confidence
(P< 0,05 ; CI 95%) which reflects that disabilities ob-
jectively measured by physicians have a negative impact
on HRQL perception with lower PODCI scores as a re-
sult. Physical examination data were also compared with
adolescents self-report (N= 23) which maintained the
same tendency (correlation −0,42 ; P< 0,05 , CI 95%).

DISCUSSION
MHE is a genetic driven musculoskeletal disorder

with a wide variety of clinical presentation, from totally
asymptomatic to great disability.19,20,22,24 Decision mak-
ing in orthopaedic practice can be challenging as patient,
parents, and physician perception about functional con-
dition and complains may differ and impact on children
and adolescents’ treatment.1,2,25

Patient-based outcomes are used to evaluate a pa-
tient’s subjective health experience and the consequences
of the patient’s disease and medical interventions. The
self-assessment with self-administered questionnaire is
considered the main standard method of quality-of-life
evaluation, removing influence or interpretation from a
clinical or investigator.2,25 This approach to outcome as-
sessment has particularities as functional performance and
neurological maturation changes over time in a child/
adolescent under either typical or atypical development.25

The PODCI was developed to assess musculoskel-
etal functional outcomes in children and adolescents and
has not been replicated in all areas of pediatric
orthopaedics.1,25 The purpose of this study was to evaluate
its use in MHE patients.

When PODCI was evaluated in children and ado-
lescents without musculoskeletal disorders, a “ceiling ef-
fect” was noted, where the distribution was heavily skewed
with scores clustered near the maximum score (no mean
score under 85), resulting in poor ability to differentiate
between individuals.26 As MHE can be presented as to-
tally asymptomatic condition we were concerned about
the reproduction of this “ceiling effect”. Although PODCI
scores in MHE patients were left skewed, it was shown a
tendency of distribution proximate to normative values yet
with an absence of “ceiling effect” (means range: 70-93). It
reflects a good discriminative property on our sample al-
though we believe selection bias may interfere on this re-
sult, as pauci or asymptomatic patients often do not have
diagnosis or clinical follow-up on Institutions.19

TABLE 2. Posna Normative Data
N Mean Std*

Global functioning scale
A† 1834 95.88 5.38
PA‡ 1834 95.15 7.24
PC§ 1791 93.31 7.77

Happiness scale
A† 1834 81.83 17.59
PA‡ 1834 81.47 18.01
PC§ 1791 89.80 14.10

Pain/comfort scale
A† 1834 89.31 14.79
PA‡ 1834 88.96 16.67
PC§ 1791 92.43 13.75

Sports and physical functioning scale
A† 1834 95.51 9.74
PA‡ 1835 93.66 10.99
PC§ 1791 90.22 12.32

Transfer and basic mobility scale
A† 1834 99.05 4.70
PA‡ 1834 99.22 4.56
PC§ 1791 98.35 5.68

Upper extremity scale
A† 1834 98.71 4.73
PA‡ 1834 98.82 5.08
PC§ 1791 91.97 11.49

*Standard deviation.
†Adolescents self-report.
‡Parents of Adolescents report.
§Parents of Children report.
N indicates number.
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Physical examination evaluation showed a statistical
relevant correlation with PODCI score assessing its ca-
pacity of revealing quality-of-life impairment related to
physical disabilities. The negative correlation between
physical examination and reports (parents and adolescents
self-reports) points toward a negative correlation between
alteration on physical examinations and quality-of-life,
where higher scores in the Leung and Peterson classi-
fication, and thus greater impairment in the upper ex-
tremities, in addition to lower extremity deformities are
correlated to lower PODCI scores, as expected.

The perception of pain and comfort by the parents
was worse than the patient’s own perception in our data.
Daltry et al1 reported that the correlation among parents
and adolescents in that scale was also low at follow-up.
We agree with those authors’ speculation were the health
and well-being of the parents might influence their per-
ceptions on how well the child is doing, as well as the
expectations of 2 different individuals can similarly vary
greatly.1

Our literature review reveled only a few studies
dedicated specifically to evaluate quality of life of pe-
diatric MHE patients. Chhina H and colleagues assessed
health-related quality of life (HRQL) of MHE patients
using The Child Health Questionnaire (CHQ PF-50).
The CHQ PF-50 is a generic pediatric HRQL ques-
tionnaire that was applied to patients (n= 43; 5 to 18 y
old) in the mentioned study by parent proxy. Chhina H
et al21 concluded that MHE population had lower
HRQL than the general population. Goud et al24 also

conducted a HRQL study about MHE patients but,
as highlighted by the authors, no validated pediatric
quality-of-life assessment tool was used.

Caino and colleagues were the first authors to con-
duct a MHE evaluation study with a specific HRQL pe-
diatric instrument. The population assessment with the
Pediatric Quality of Life Inventory (PedsQL) was made by
self-administration by children aged 8 to 18 years and by
the parents of children aged 2 to 18 years. The PedsQL is a
23-item instrument with 4 domains: (1) physical func-
tioning (8 items); (2) emotional functioning (5 items); (3)
social functioning (5 items); and (4) school functioning (5
items). Although no statistically significant difference was
observed between children and caregivers responses, chil-
dren reported school domain as the most affected, whereas
parents referred to the emotional aspect. Caino et al22

concluded that pain and disease severity had a negative
impact on HRQL.

PODCI is a validated HRQL instrument specific to
musculoskeletal conditions in pediatric population. Con-
sidering the importance of self-administered ques-
tionnaires and its properties, adolescent’s responses were
evaluated in separate and compared with its parents’
counterparts on this study. In all domains, the parent
mean score was lower than the adolescent mean score.
Although Wilcoxon test showed statistically significant
difference only in Pain and Comfort domain (P< 0,05), a
tendency of over estimating limitation by parents can be
seen. A bigger sample would be more reliable evaluating
this behavior in all domains.

CONCLUSION
This study was designed to evaluate the results of

PODCI for children and adolescents with MHE as a
sufficiently sensitive HRQL instrument. Hence, analysis of
parent-reported scores and adolescents self-report ach-
ieved its purpose and it is in concordance with other
studies found in literature.21,22 PODCI adds to orthopae-
dic practice the patient perspective, in a pediatric scenario,
about its own quality-of-life related specifically to

FIGURE 1. Comparison between normative and MHE scores. MHE indicates multiple hereditary exostosis.

TABLE 3. diference Significance between Self (A) and Parent
Report (PA)

Wilcoxon P-value

Global functioning scale 0,067
Happiness scale 0,081
Pain/comfort scale 0,004
Sports and physical functioning scale 0,191
Transfer and basic mobility scale 0,534
Upper extremity scale 0,511

J Pediatr Orthop � Volume 43, Number 5, May/June 2023 Use of PODCI

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved. www.pedorthopaedics.com | 335

Copyright r 2023 Wolters Kluwer Health, Inc. All rights reserved.



musculoskeletal conditions. We believe PODCI ques-
tionnaire can be used as an assistant managing tool for
physicians concerning MHE follow-up and treatment de-
cision making. Prospective studies with bigger samples
focused on assessment of its psychometric properties spe-
cifically for MHE pediatric population may be of
greater value.
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