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Objectives To document the attainment of developmental milestones in children with Duchenne’s muscular dystrophy

(DMD) and to determine whether early delays are associated with later performance on measures of cognition.

Study design Retrospective parental report was utilized to document the acquisition of 10 common developmental milestones
in children with DMD (n = 130) and their unaffected siblings (n = 59). Children completed tests of cognitive functioning.
Results Parents rated children with DMD as delayed on achieving both language and motor milestones more frequently than

their unaffected siblings. Furthermore, those children with DMD who were rated as late talkers or late walkers performed

more poorly on tests of cognitive function than their on-time peers.

Conclusions In addition to the commonly reported delays in motor milestones, the current study documents delays in the
acquisition of language milestones as well. These early delays are associated with significant impairments in later cognitive

functioning. (J Pediatr 2007;150:474-8)

uchenne’s muscular dystrophy (DMD) is an X-linked disorder that occurs in 1 in 3500 male births.! It is known primarily
as a disease of the muscle, as children present with progressive muscular weakness. DVID is also associated with delays in
the acquisition of motor milestones.} ™ Interestingly, in some cases delayed Janguage milestones—not motor milestones—may
be the earliest signs of DMD that give rise to clinical concern. Unfortunately, those early indications of DMD often go unnoticed

because most clinicians still do not associate early language impairment with DMD.* Indeed,
with the exception of several case studies,”® this link has never been studied systematically.
Given the ubiquitous screening for general milestone attainment, determining how children
with DMD present from a cognitive perspective may provide a promising avenue for
improving the likelihood of early diagnosis and intervention.

There is ample evidence of cognitive involvement in DMD, although the presen-
tation is much more variable than the motor symptoms of the illness. On average, the
mean 1Q_in children with DMD is shifted down one standard deviation from the
population mean, and verbal IQ_scores are more compromised than performance IQ_
scores.” However, no relationship has been documented between levels of muscular
degeneration and cognitive impairment,g'12 nor is there a relationship between creatine
kinase levels and cognitive impairment.9

There are considerable data attesting to specific verbal deficits in children and adoles-
cents with DMD.'>?* Moreover, there is a clear association between brain function and
cognition in DMD.2%?7 Few studies have focused on early development (<5 years of age) in
this poplﬂation.zg'30

The purpose of the current study, therefore, is to examine reports of early devel-
opmental milestones in children with DMD. We hypothesize that children with DMD
will be reported as having more early language delays than their unaffected siblings or than
expected for the general population. We also hypothesize that evidence of early language
delays will be associated with lower scores on cognitive tests administered after 4 years of age.

METHODS

Children with DMD (n = 130) and unaffected sibling controls (n = 59) partici-
pated in a large-scale study investigating cognitive skills in boys with muscular dystrophy.

DMD Duchenne’s muscular dystrophy
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Diagnosis of muscular dystrophy was based on clinical onset
of progressive weakness before 5 years of age, and either
molecular assessment of mutation in the DMD gene or mus-
cle biopsy that was deficient in dystrophin and compatible
with DMD. Siblings were within 5 years of age of the
proband. When more than one comparison child was avail-
able, preference was given first to male sex and then to
closeness in age. Children with DMD were between 4 and 14
years of age, with a mean age of 9.00 years (SD = 2.52), and
sibling controls ranged from 3 to 16 years of age, with a mean
age of 9.85 years (SD = 3.61). Approximately one third of the
probands (38%) were in a wheelchair at the time of assess-
ment, and none of the sibling controls were wheelchair-
bound. Racial composition of the sample consisted of persons
who identified themselves as Caucasian (88%), Hispanic
(7%), African-American (3%), and Indian (2%).

Participants for this study were recruited through the
Muscular Dystrophy Association clinics of Columbia Presby-
terian Hospital, New York, and Children’s Healthcare of
Atlanta at Scottish Rite Children’s Medical Center. Addi-
tionally, newsletters with a description of the study were sent
to Parent Project Muscular Dystrophy, regional Muscular
Dystrophy Association clinics, and parent support groups.
Interested persons returned the response form directly to the
investigator.

This study was approved by the Columbia University
and New York Presbyterian Hospital Institutional Review
Board, by the Queens College of the City University of New
York Institutional Review Board, and by the Children’s
Healthcare of Atlanta at Scottish Rite Children’s Medical
Center Institutional Review Board.

As part of several ongoing studies, parents completed a
developmental milestone questionnaire; they were asked to
indicate whether their child was “on-time” or “late” for 10
developmental milestones listed. These included when the
child first began to: smile, sit, crawl, stand, walk, say single
words, construct complete sentences, read, and become bowel
and bladder trained. In addition, parents had the option of
recording the month at which their child achieved each mile-
stone. Parents also completed the Child Behavior Checklist,!
a 118-item questionnaire in which parents rate the frequency
with which their child engages in a variety of behaviors.

Children enrolled participated in different neuropsy-
chological studies involving a number of measures of lan-
guage, memory, and visuospatial skills. Measures included in
the battery required minimal motor involvement. Some of the
test measures have been described in detail elsewhere.?® This
article will report results from two tests used across batteries
to ensure the largest sample size: the Peabody Picture Vocab-
ulary Test, 3" edition,*? and the Raven’s Colored Progressive
Matrices.>® Both tests were scored twice to ensure consis-
tency; discrepancies were resolved by consensus.

After obtaining written informed consent from the par-
ent and verbal assent from the child, parents completed ques-
tionnaires while their children were administered the com-
plete battery of neuropsychological tests. Testing was done in

English. Most testing was completed at the Columbia Pres-
byterian Medical Center. In some cases, however, children
were tested in their home, in a quiet room.

Based on the retrospective history of early developmen-
tal milestones provided by the parents, children were classified
as either “on-time” or “late” in achieving developmental mile-
stones. In the event that the parent did not indicate whether
their child was on-time or late, but recorded the month at
which their child achieved each milestone, the data were
converted to on-time or late by determining whether the child
achieved the milestone within the same period or after 90% of
the general population did. Norms for the general population
were based on the Denver Developmental Screening Test,**
with the exception of bowel and bladder control norms, which
were extracted from Copeland and Kimmel.** In the event
that a parent both endorsed on-time or late and recorded the
month, preference was given to the on-time/late variable;
however, these data were checked for accuracy. Because of the
variable manner in which parents responded to items on this
questionnaire, the total number of responses for each devel-
opmental milestone is different. As such, data are presented as
percentages, and the lowest number of responses (n = 130)
was used as the total N.

To determine the percentage of children with DMD
(n = 130) reported to be on-time versus late for each devel-
opmental milestone, a frequency count was used.

To determine whether the likelihood of delay for each
developmental milestone was equivalent between the pro-
bands and their siblings, x* analyses were performed only on
those probands with unaffected siblings controls (n = 59).
The null hypothesis predicted an equal likelihood of delay
among children with DMD and their siblings as reported by
their parents. Alpha was set at .005 to account for the mul-
tiple comparisons (.05/10 = .005).

To determine whether early delay was associated with
later cognitive functioning, two variables with the largest x*
values were chosen: when the child first began to walk and
construct complete sentences (hereafter referred to as “walk”
and “sentence”). These variables were chosen because of their
discriminative ability among the sibling pairs, and for the
current analysis, were applied to the larger group of DMD
probands only. A series of independent sample # tests were
performed among DMD children to determine whether delay
on the above-mentioned two variables was related to perfor-
mance on the Peabody Picture Vocabulary Test, 3 edition,
the Raven’s Colored Progressive Matrices, and parental report
on the Child Behavior Checklist. The null hypotheses were
that there would be no differences in test scores between
children rated late or on-time on early milestones.

RESULTS
The percentage of children with DMD reported to be

on-time versus late for each developmental milestone can be
found in Table I. Data show variable ranges of responses
across items. Only 3% of the children with DMD were rated

late on developing their smile, and 67% were rated late on
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Table I. Percentage of children with DMD rated
as “on-time” or “late” for each developmental
milestone*

Milestone On-time (%) Late (%)
Smile 97 3
Sit 64 36
Crawl 47 50
Stand 43 53
Walk 33 67
Speak 62 38
Sentence 57 43
Bowel trained 60 40
Bladder trained 59 40
Read 51 47

*Percentages have been rounded up and may not equal 100% in all cases.

beginning to walk independently. For most items, between
30% and 50% of the group were rated late.

Results of x* analyses revealed that children with DMD
were rated as late more often than their unaffected siblings on
most, but not all, developmental milestones (Table II). Spe-
cifically, parents reported that their children with DMD were
more often late in motor milestones such as sitting (x> =
28.37, P < .001), crawling (x* = 40.53, P < .001), standing
(xX* = 44.79, P < .001), and walking (70% vs 2%, x> = 52.14,
P < .001) than their siblings. Furthermore, a greater percent-
age of children with DMD than siblings were also rated as
delayed on language milestones. More children with DMD
were reportedly late in speaking their first word ( X = 2412,
P < .001) and in speaking in full sentences (49% vs 4%, XY=
29.73, P < .001) than their siblings. No between-group
differences were observed on other aspects of development,
such as when their children first smiled, or when they
achieved bowel or bladder control.

Results of independent sample # tests revealed that
children with DMD whose parents rated them as late in
constructing complete sentences were more likely to perform
poorly on measures of single-word vocabulary (mean [SD]:
late = 94.29 [22.26], on-time = 107.00 [17.07]; £ = 3.75, P
< .001) and visuospatial reasoning (mean [SD]: late = 90.87
[25.26], on-time = 101.62 [13.21]; # = 3.17, P = .002) than
children with DMD who were on-time in this regard. There
was no significant difference in behavioral difficulties between
the two groups of children with DMD.

Children with DMD who were rated as delayed on
walking performed significantly more poorly on a measure
of visuospatial reasoning (mean [SD]: late = 94.35
[22.08], on-time = 103.07 [12.12]; # = 2.38, P = .02);
however, there was no relationship between delayed walk-
ing and performance on a measure of single-word vocab-
ulary. Furthermore, children with DMD who rated as
delayed on walking did not exhibit later behavioral issues
when compared with children with DMD who achieved

this milestone on-time.
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Table Il. Comparison of children with DMD

and sibling controls on developmental milestones:
percentage late for each milestone as per
parental report

Proband: Control:

Milestone % late % late x> P value
Smile 3% 2% .34 NS
Sit 38% 0% 28.37 P < .00l
Crawl 60% 6% 40.53 P < .00l
Stand 56% 0% 44.79 P < .00l
Walk 70% 2% 52.14 P < .001
Speak 42% 4% 24.12 P < .00l
Sentence 49% 4% 29.73 P < .00l
Bowel trained 28% 8% 7.77 NS
Bladder trained 25% 10% 5.97 NS
Read 94% 6% 25.89 P < .00l
NS, Not significant.

DISCUSSION

Results of the current investigation indicate that chil-
dren with DMD are more likely than their siblings to be rated
as delayed on most language and motor milestones. Consis-
tent with previous reports of motor delay, children with
DMD tend to be delayed in sitting, crawling, standing, and
walking. The current investigation also documented delays in
language milestones; children with DMD are more likely
than their siblings to exhibit delays in speaking their first
word and in constructing sentences. Not all aspects of devel-
opment were rated as delayed. For example, parents reported
that children with DMD and their siblings were equally
capable of mastering bladder and bowel control at similar
ages. The selectivity of these findings indicates that reports of
delay among affected children are unlikely to be attributed
solely to a bias in reporting.

The second goal of this study was to examine, in more
detail, the relationship between early developmental delay and
cognitive functioning among children with DMD. Results of
this investigation revealed that late talkers performed signif-
icantly more poorly on select measures of intellectual func-
tioning. It is important to emphasize that these findings,
although statistically robust, represented subtle differences in
performance. For example, children with DMD who were
reported to be late talkers scored slightly below average (mean
standardized score of 95) on the test of vocabulary, although
those who were on-time in learning to speak scored slightly
above average (mean standardized score of 107). These find-
ings were statistically significant at the P < .001 level. There
were no significant differences between the two groups on
reports of behavior.

A similar analysis was performed on children who had
been rated as delayed in walking; in contrast to late talkers, it
was hypothesized that late walkers would not exhibit cogni-
tive delays or behavioral problems. Unexpectedly, however,
late walkers did significantly more poorly on the test of
reasoning than their on-time peers. Although the reason for
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this finding is unclear, it is not uncommon to observe im-
paired motor skills associated with cognitive disorders.® For
example, children with specific language impairment often
present with poor motor skills.3”* It can be conjectured that
the same part of the brain that is responsible for learning
coordinated movement (ie, cerebellum) also contributes to
cognitive functioning in this disorder. Tentative support for
this hypothesis is offered by a positron emission tomography
scan study in which children with DMD exhibited reduced
glucose metabolism in areas normally rich in dystrophin,
namely, the cerebellum.*?

The current study employed retrospective parental re-
port as the primary method of investigating the attainment of
developmental milestones in a large group of children with
DMD and their siblings. Although the investigators are
mindful of the potential drawbacks associated with the use of
retrospective parental report in ascertaining timing of devel-
opmental milestones,**>2 several features of the design of the
current study serve to increase the likelihood of accurate
parental report. The investigators chose to focus on broad
categories such as “on-time” and “late” to increase the likeli-
hood of accurate parental report. The fact that the control
group consisted of siblings also enhanced the investigators’
confidence in the accuracy of parental report because the
accuracy of the parent likely remained consistent between
siblings. Indeed, there is substantial support for the hypoth-
esis that most parents are capable of judging whether their
child’s development is on par with other children of the same
age, even when they are poor, uneducated, or lack parenting
experience.44’53'57

The use of siblings as controls is, in fact, one of the
strengths of the current design. This method of control helps
account for genetic, familial, and socioeconomic variables,
and, thus, permits detection of subtle neuropsychological def-
icits unique to children with this disorder. Previously pub-
lished data have demonstrated subtle, yet statistically robust,
differences in neuropsychological test performance between
children with DMD and their unaffected siblings.20 Some of
the cognitive deficits observed might not ordinarily suggest a
need for clinical intervention, but, when compared with those
of siblings, their significance is highlighted.

The findings of this study are important for several
reasons: Early delays in the development of language and
motor skills (ie, before the onset of significant motor weak-
ness) demonstrate that poor performance on measures of
cognition cannot be attributed solely to muscle fatigue, emo-
tional reactions to DMD, or the loss of educational oppor-
tunities because of limited ambulation. Moreover, early delay
implicates an underlying central nervous system component to
DMD. Finally, the current findings underscore the need for
early intervention services in this population. The initiation of
early intervention may help limit later learning problems,
potentially enhancing the quality of life for a group of children
who face adversity in the form of enormous physical and
emotional challenges.

REFERENCES

1.  Emery A, Muntoni F. Duchenne Muscular Dystrophy. 3rd ed. Oxford: Oxford
University Press; 2003.

2. Dubowitz V. Intellectual impairment in muscular dystrophy. Arch Dis Child
1965;40:296-301.

3. Dubowitz V. Muscle Disorders in Childhood. London: W.B. Saunders Company
Ltd; 1978.

4. Mohamed K, Appleton R, Nicolaides P. Delayed diagnosis of Duchenne muscular
dystrophy. Eur J Paediatr Neurol 2000;4:219-23.

5.  Essex C, Roper H. Late diagnosis of Duchenne’s muscular dystrophy presenting
as global developmental delay. Br Med J 2001;323:37-8.

6. Kaplan LC, Osborne P, Elias E. The diagnosis of muscular dystrophy in patients
referred for language delay. J Child Psychol Psychiat 1986;27:545-9.

7. Cotton S, Voudouris NJ, Greenwood KM. Intelligence and Duchenne muscular
dystrophy: full-scale, verbal, and performance intelligence quotients. Dev Med Child
Neurol 2001;43:497-501.

8.  Allen JE, Rodgin DW. Mental retardation in association with progressive mus-
cular dystrophy. Am J Dis Child 1960;100:208-11.

9.  Karagan NJ. Intellectual functioning in Duchenne muscular dystrophy: a review.
Psychol Bull 1979;86:250-9.

10. Leibowitz D, Dubowitz V. Intellect and behavior in Duchenne muscular dystro-
phy. Dev Med Child Neurol 1981;23:577-90.

11.  Prosser EJ, Murphy EG, Thompson MW. Intelligence and the gene for Duch-
enne muscular dystrophy. Arch Dis Chldh 1969;44:221-30.

12.  Zellweger H, Hanson JW. Psychometric studies in muscular dystrophy type IIla
(Duchenne). Dev Med Child Neurol 1967;9:576-81.

13. Cotton SM, Voudouris NJ, Greenwood KM. Association between intellectual
functioning and age in children and young adults with Duchenne muscular dystrophy:
further results from a meta-analysis. Dev Med Child Neurol 2005;47:257-65.

14. Sollee ND, Latham EE, Kindlon DJ, Bresnan M]J. Neuropsychological impair-
ment in Duchenne muscular dystrophy. J Clin Exper Neuropsychol 1985;7:486-96.
15. Anderson SW, Routh DK, Ionasescu VV. Serial position memory of boys with
Duchenne muscular dystrophy. Dev Med Child Neurol 1988;30:328-33.

16. Billard C, Gillet P, Signoret JL, Uicaut E, Bertrand P, Fardeau M, et al. Cognitive
functions in Duchenne muscular dystrophy: a reappraisal and comparison with spinal
muscular atrophy. Neuromusc Disord 1992;2:371-8.

17. Cotton S, Crowe SF, Voudouris N. Neuropsychological profile of Duchenne
muscular dystrophy. Child Neuropsychol 1998;4:110-7.

18. Wicksell RK, Kihlgren M, Melin L, Eeg-Olofsson O. Specific cognitive deficits
are common in children with Duchenne muscular dystrophy. Dev Med Child Neurol
2004;46:154-9.

19. Billard C, Gillet P, Barthez M-A, Hommet C, Bertrand P. Reading ability and
processing in Duchenne muscular dystrophy and spinal muscular atrophy. Dev Med
Child Neurol 1998;40:12-20.

20. Hinton V], De Vivo DC, Nereo NE, Goldstein E, Stern Y. Selective deficits in
verbal working memory associated with a known genetic etiology: the neuropsycholog-
ical profile of Duchenne muscular dystrophy. J Int Neuropsychol Soc 2001;7:45-54.
21. Hinton V], De Vivo DC, Fee R, Goldstein E, Stern Y. Investigation of poor
academic achievement in children with Duchenne muscular dystrophy. Learn Dis Res
Pract 2004;19:146-54.

22. Whelan TB. Neuropsychological performance of children with Duchenne mus-
cular dystrophy and spinal muscular atrophy. Dev Med Child Neurol 1987;29:212-20.
23. Ogasawara A. Downward shift in IQ_in persons with Duchenne muscular dys-
trophy compared to those with spinal muscular atrophy. Am ] Ment Retard 1989;
93:544-7.

24. Dorman C, Hurley AD, D’Avignon J. Language and learning disorders of older
boys with Duchenne muscular dystrophy. Dev Med Child Neurol 1988;30:316-27.
25. Hinton V], De Vivo DC, Nereo NE, Goldstein E, Stern Y. Poor verbal working
memory across intellectual level in boys with Duchenne dystrophy. Neurology 2000;
54:2127-32.

26. Anderson JL, Head SI, Rae C, Morley JW. Brain function in Duchenne muscular
dystrophy. Brain 2002;125:4-13.

27. Mehler MF. Brain dystrophin, neurogenetics and mental retardation. Brain Res
Rev 2000;32:277-307.

28. Karagan NJ, Zellweger HU. Early verbal disability in children with Duchenne
muscular dystrophy. Dev Med Child Neurol 1978;20:435-41.

29. Marsh GG, Munsat TL. Evidence for early impairment of verbal intelligence in
Duchenne muscular dystrophy. Arch Dis Child 1974;49:118-22.

30. Smith RA, Sibert JR, Harper PS. Early development of boys with Duchenne
muscular dystrophy. Dev Med Child Neurol 1990;32:519-27.

31.  Achenbach TM. Manual for the Child Behavior Checklist/4-18 and 1991 profile.
Burlington, VT: University of Vermont, Department of Psychiatry; 1991.

Delayed Developmental Language Milestones in Children with Duchenne’s Muscular Dystrophy 477



32. Dunn LM, Dunn LM. Examiner’s Manual for the PPVT-III Peabody Picture
Vocabulary Test Third Edition. Circle Pines, Minnesota: American Guidance Service;
1997.

33. Raven ], Raven JC, Court JH. Manual for Raven’s Progressive Matrices and
Vocabulary Scales. Oxford: Oxford Psychologists Press; 1993.

34. Frankenburg WK, Dodds JB. The Denver Developmental Screening Test. ]
Pediatr 1967;71:181-91.

35. Copeland ME, Kimmel JR. Evaluation and management of infants and young
children with developmental disabilities. Baltimore, MD: Paul H. Brooks Publishing
Co.; 1989.

36. Diamond A. Close interrelation of motor development and cognitive development
and of the cerebellum and prefrontal cortex. Child Dev 2000;71:44-56.

37. Powell RP, Bishop DVM. Clumsiness and perceptual problems in children with
specific language impairment. Dev Med Child Neurol 1992;34:755-65.

38. Sommers RK. Prediction of fine motor skills of children having language and
speech disorders. Percept Motor Skills 1988;67:63-72.

39. Bishop DVM. Motor immaturity and specific speech and language impairment:
evidence for a common genetic basis. Am ] Med Genet (Neuropsychiatric Genetics)
2002;114:56-63.

40. Hill EL, Bishop DVM, Nimmo-Smith I. Representational gestures in develop-
mental co-ordination disorder and specific language impairment: error-types and the
reliability of ratings. Hum Move Sci 1998;17:655-78.

41. Hill EL. Non-specific nature of specific language impairment: a review of the
literature with regard to concomitant motor impairments. Int ] Lang Comm Disord
2001;36:149-71.

42. Lee JS, Pfund Z, Juhisz C, Behen ME, Muzik O, Chugani DC, et al. Altered
regional brain glucose metabolism in Duchenne muscular dystrophy: a PET study.
Muscle Nerve 2002;506-12.

43. Donoghue EC, Shakespeare RA. The reliability of paediatric case-history mile-
stones. Dev Medicine Child Neurol 1967;9:64-9.

478 Cyrulnik et al

44. Glascoe FP, Dworkin PH. The role of parents in the detection of developmental
and behavorial problems. Am Acad Pediatr 1995;95:829-36.

45. Hart H, Bax M, Jenkins S. The value of a developmental history. Dev Med Child
Neurol 1978;20:442-52.

46. Majnemer A, Rosenblatt B. Reliability of parental recall of developmental mile-
stones. Pediatric Neurology 1994;10:304-8.

47. McGraw MB, Molloy LB. The pediatric anamnesis inaccuracies in eliciting
developmental data. Child Deve 1941;12:255-65.

48. Mednick SA, Shaffer JB. Mothers’ retrospective reports in child-rearing research.
Am ] Orthopsych 1963;33:457-61.

49. Treharne DA. Parental recall of children’s early development. Eur ] Disord Comm
1992;27:221-30.

50. Goldstein DJ. Accuracy of parental report of infant’s motor development. Percept
Motor Skills 1985;61:378.

51. Ewert JC, Green MW. Conditions associated with the mother’s estimate of the
ability of her retarded child. American Medical Journal of Mental Deficiencies
1957;62:521-33.

52. Pyles MK, Stolz HR, Macfarlane JW. The accuracy of mothers” reports on birth
and developmental data. Child Dev 1935;6:165-76.

53. Glascoe FP. Parents’ concerns about children’s development: prescreening tech-
nique or screening test. Pediatrics 1997;99:522-8.

54. Glascoe FP. Parents’ evaluation of developmental status: How well do parents’
concerns identify children with behavorial and emotional problems? Clin Pediatrics
2003;42:133-8.

55. Pulsifer MB, Hoon AH, Palmer FB, Gopalan R, Capute AJ. Maternal estimates
of developmental age in preschool children. J Pediatr 1994;125:518-524.

56. Glascoe FP. Can clinical judgment detect children with speech-language prob-
lems? Pediatrics 1991;87:317-22.

57. Glascoe FP. Evidence-based approach to developmental and behavioural surveil-
lance using parents’ concerns. Child Care Health Dev 2000;26:137-49.

The Journal of Pediatrics * May 2007



	Delayed Developmental Language Milestones in Children with Duchenne's Muscular Dystrophy
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES


