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It is widely acknowledged that cleft palate is one of the most common
craniofacial malformations. It requires multidisciplinary care composed mainly
of a speech therapist, a radiologist, a psychologist, and above all, a pediatric
surgeon. It should be noted that the closing of this cleft represents a challenge
for the pediatrician who above all seeks to restore the anatomical relationships
that are compatible with the velopharyngeal competence required for the proper
functioning of phonation, swallowing, ventilation, and hearing. Otherwise, the
child may develop velopalatine incompetence, which can cause a phonatory
problem that may remain poorly tolerated by the patient and those around him.
This phonatory problem represents a major concern for parents. In addition, the
classic surgical technique of Veau — Wardill - Kilner palatoplasty consists of
dissecting the nasal and oral mucous membranes of the palatal tablets, which
are sutured along the midline without intravelar myopathy. In the literature, the
velar insufficiency rate of this technique is reported to be between 15 and 26%.
In addition, over the last twenty years, the techniques for reconstructing
velopalatine clefts have remarkably progressed. As an example, it is worth citing
the Sommerlad intravelar veloplasty (IVV) and the Furlow Z veloplasty, which
are the most anatomical techniques as they both allow repositioning of the velar
muscles, thus leading to an improvement in the lifting and receding movements
of the veil, which significantly reduces the sequelae. The goal of the present
work, which is based on a sample of 85 cases, is to make an epidemiological,
therapeutic, and evolutionary analysis, and also to take stock of the surgical
techniques practiced in our country for the primary treatment of cleft palates. It
was found that the velar insufficiency rate was much higher after classical
palatoplasty than after primary surgery with intravelar veloplasty or Furlow’s
Z-plasty.

proportion of around 1 case per 600 birthslll Cleft
palates are malformations of the embryo related to a

disorder occurring between the 7% and 121" week of
pregnancy due to a defect in the fusion of buds of the

palatal process2l. This can range from the simple

among
bifidity of the uvula to the full velopalatine cleft, as

congenital
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malformations of the face, cleft palates (CPs) are by far
the most common. Statistically, they represent a
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shown in Figure 1. It is useful to note that the etiology
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appears to be due to a combination of hereditary and
environmental factors. Currently, echography can be
used for prenatal diagnosis that can psychologically help
to prepare the family and support the newborn. The soft
palate is a mobile and contractile musculoaponeurotic
partition that is covered with a mucous membrane in
continuity with the posterior edge of the hard palate, the
action of which is ensured by five even and symmetrical
muscles that constitute the velopharyngeal sphincter, as
illustrated in Figure 2. The soft palate strongly
contributes to the functions of phonation, swallowing,
hearing, and breathing. Consequently, the anatomical
modifications of the velopharyngeal sphincter, in the
event of a cleft palate (CP), are mainly of muscular type,
which leads to an insertion defect on the median raphe.
As can be seen in Figure 3, these anatomical changes
stretch along the inner edge of the cleft to converge into
a conjoined tendon that is inserted into the posterior
edge of the palatal blade, which consequently leads to

velopharyngeal insufficiency (vPDEL 1t is worth
recalling that primary surgical treatment involves two
techniques. The first one is the classic Wardill-Veau-
Kilner palatoplasty without muscle repositioning (MR),
and the second one is Sommerlad's palatoplasty
(Sommerlad’'s intravelar veloplasty) or Furlow's
palatoplasty with muscle repositioning (MR). It should
also be noted that any cleft palate repair carries a risk of
postoperative complications. This risk may be between
10 and 30% for velopharyngeal insufficiency (VPI)12l and
between 5.2 and 11.6 %!l for fistulas. The present study
aims mainly to systematically examine the rates of
occurrence  of  fistulas and  velopharyngeal
insufficiencies in the surgical techniques of cleft palate
(CP) repair practiced in Algeria.

Material and methods

Our study involved 85 patients hospitalized at the
Mother and Child Specialty Center at the University
Hospital of the city of Tlemcen - Algeria. This is a
retrospective investigation. The inclusion criteria in this
study were any child who was treated between January
2015 and December 2019 and who showed a cleft palate.
Note that all patients with syndromic clefts were
excluded.

Course of the study

It is worth noting that all the patients were recorded on
the pre-established standard form and were operated on
by the same surgeon. In addition, the three techniques
used are the following. First, the Wardill-Veau-Kilner
palatoplasty, as presented in Figure 4. Second, the
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Sommerlad intravelar veloplasty (IVV), shown in Figure
5: https://youtu.be/W65kx8xRkOM, a video produced by
the author for the post-graduate teaching of a surgical
technique for the closure of a palatal or velar cleft. This
technique is based on the realization of an intravelar
myoplasty for the purpose of correctly repositioning the
muscles of the cleft palate veil. This intravelar
myoplasty is a required condition so that the patients
can recover the correct phonation]. The third one is the
Z-veloplasty of Furlow, illustrated in Figure
6:https://youtu.be/INCOXw fgHk, a video produced by
the author for the post-graduate teaching of a surgical
technique for the closure of a velar cleft. This technique
is based on the realization of a double Z, i.e., a buccal Z
and a nasal Z, offset in mirror, in order to correctly
reposition the muscles of the cleft palate veil with
lengthening]. Moreover, the postoperative evolution is
done after 2 days, 6 days, and one month, in search of
postoperative complications, such as a fistula that is due
to the release of the staple line. Then, the speech therapy
is carried out for a minimum of 6 months, in parallel
with a clinical assessment, a teleradiography (Profile

radiography)ﬁl, aerophonoscopyfé1 (nasal airflow in oral
speech, tonic mouth breathing), and speech therapy

(Borel - Maisonny classification)lZ], as illustrated in
Figure 7. Note that the aerophonoscopy was done at one,
six, 12, and 24 months. Data entry and processing were
carried out with MS Excel software (2016).

Results

Our study sample included 85 patients, with a
predominance of males (sex ratio = 1.76). Our study
population consisted of 54 boys (64%) and 31 girls (36%).
The age of surgical procedures generally varies between
10 months and 7 years, i.e., 35% between 10 and 18
months; 15% between 18 and 24 months. It should also
be noted that 61.6% of these surgical operations
concerned the cleft palates and 38.4% the velar clefts
(Figure 8).

Postoperative veil examination

About 15% of our patients presented a scarred veil
appearance, 65% a soft veil (normal) aspect, and 10% a
sclerotic veil. In addition, 20% of the patients exhibited a
short veil, and 10% of them exhibited a pathologically
looking uvula that is either bifid or hypoplastic. In
addition, it should be noted that phonatory behavior and
voice quality are indices of major importance that can
reveal a velopharyngeal insufficiency.

The speech therapy examination, based on Borel —
Maisonny’s classification (Figure 7), allowed finding
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that approximately 46% of patients who underwent
surgery by the Wardill technique had a phonation that is
classified II / 2 IIB, and approximately 53% of them
presented a phonation classified IIM and III. However,
82% of the patients operated on by Sommerlad
intravelar veloplasty (IVV) and Furlow Z-plasty
techniques possessed a phonation classified II / 2 IIB,
while 2% of them had a phonation classified IIM and III,
as summarized in Table 1.

In radiography (profile radiography), the Bjork ratiol8l is
defined as the veil length over the cavum depth.
Moreover, the length of the soft palate is defined as the
distance separating the upper edge of the hard palate
from the top of the uvula (veil at rest); it has an average
value of (23 + 5) mm in children. Note also that the depth
of the cavum, which is the distance between the
posterior wall of the hard palate and the posterior wall of
the pharynx, is on average equal to (17 + 5) mm in
children. In addition, the average value of the ratio of the
veil length over the cavum depth (VL/CD) is estimated as
equal to 1.3. It is worth indicating that this ratio must be
greater than 1 so that the child can have a good
cyclopharyngeal occlusion, which means that the veil
must be longer than the cavum. Therefore, the veil
should not only touch the posterior wall but must also

be attached to it over
pronunciation of the phoneme "i" is dynamic and lasts
for several seconds because this letter "i" is the most
affected by the nasal air emission in the case of
velopharyngeal insufficiencies (VPIs). It is an anterior
closed vowel that requires a much retracted position of
the veil, which allows us to better examine the
functional value of the velopharyngeal sphincter.
However, the phoneme "a" is the least affected. This
dynamic incidence provides an objective overview of the
contraction of the velopharyngeal sphincter. For this, it
was deemed important to consider the studies
previously carried out by Bjork in order to establish a
classification of mobility, even the elevation of the veil,
on a scale that ranges from 1 to 3, namely (1): Immobile,
(2) Static or not very mobile, and in this case, the veil is
located below the anterior nasal spine - posterior nasal
spine (ANS - PNS) axis, and (3) Mobile, in which case, the
veil is located on the ANS - PNS axis, as is clearly
illustrated in Figure 14. It is important to note that 80%
of patients operated on by the intravelar veloplasty (IVV)
and Furlow Z-plasty techniques showed a ratio (VL/CD)
> 1, while 75% of them showed an elevated mobile veil
(3). However, 20% of the patients operated upon by the
Wardill technique had a (VL/CD) ratio greater than 1,
while 35% of them had an elevated mobile veil (3). These
results are reported in Table 1.

a certain areal®. The
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In order to examine the aerophonoscope assessment
content, and with a desire to keep the method of
analyzing nasal air emission practical and simple, it was
decided to opt for the following rating: [0]: no nasal air
emissions, [1-25]: mild nasal air emissions, [25-50]:
moderate nasal air emissions, [50-75]: severe nasal air
emissions, [75 -100]: very severe nasal air emissions. The
nasal airflow in oral speech (NAOS) and the tonic mouth
breathing (TMB) are clearly illustrated in Figures 13 and
12, respectively. After examining our group of patients
by aerophonoscopy, we tried to determine the type of
velopharyngeal insufficiency (VPI) they suffered from.
Indeed, if the nasal air emission is significant on the tonic
mouth breathing and the nasal airflow in oral speech
(NAOS), then the velopharyngeal insufficiency (VPI) is
organic. However, if the nasal air emission is zero on
the tonic mouth breathing but is present in the nasal
airflow in oral speech (NAOS), then the VPI is functional.
It must be emphasized that approximately 85% of
patients operated on by the intravelar veloplasty (IVV)
and Furlow techniques presented zero tonic mouth
breathing, while 73% of them presented a nasal airflow
in oral speech (NAOS) between 0 and 25; therefore, 80%
of velopharyngeal insufficiency (VPI) is functional. On
the other hand, 30% of patients operated on by the
Wardill technique showed zero tonic mouth breathing,
while 28% of them had a nasal airflow in oral speech
(NAOS) between O and 25; therefore, 44% of
the velopharyngeal insufficiency (VPI) is functional
These results are summarized in Table 1.

Discussion

It was found that most of the sequelae come from the
primary treatment and not from the original
malformation. In fact, as early as 1928, Veau and Ruppe
indicated that the surgical procedure was responsible for

the appearance of sequelaell9, Moreover, if the primary
surgery has immediate positive effects, it will also have
an influence on craniofacial growth that is not always
favorable. It should also be noted that the long-term
effects depend significantly on the quality of the
primary surgery, which can sometimes have negative
consequences on various anatomical and functional

aspects1Ll,

It is worth noting that three techniques were described
and used for the initial closure of the palatal and velar
clefts of the patients in our sample. Note that the palatal
closure was done in one stage, which means that the
hard palate and the veil were simultaneously repaired. In
addition, it should be mentioned that the various
surgical techniques currently available are based on the
anatomical specificities of the palatal divisions,
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particularly those relating to the anatomy of the veil
muscles. That is still relevant today. It should also be
noted that the anomalies observed are the result of
certain surgical techniques that are used for palatal
defect reconstruction, which aim to restore the normal
functional muscle anatomy. Therefore, it is essential to
acknowledge these anatomical abnormalities before
proceeding with the surgery. It should also be
remembered that the aim of palate repair surgery is to
re-establish the anatomical links that must be
compatible with good velopharyngeal function. This is
above all a functional surgery that mainly aims to
improve and assess the child's future speech abilities. It
should also be noted that, according to the published
results, the occurrence rate of velopharyngeal
insufficiency (VPI) is much higher after classic
staphylorrhaphy (26%) than after a primary surgery

with intravelar veloplasty (IVV)[QHE]M1 or Furlow Z-
plasty (4.6 - 6.5%). These results are quite similar to
ours. Table 1 indicates that the protocol used for the
surgical intervention is classical: velopalatine cleft (VPC)
between 10 and 18 months, when possible. It should also
be noted that many patients could not benefit from this

protocol for social and organizational reasonsH21161.

Based on some studies previously conducted by V. Veau,
the age of closure of the palate is 18 months. According
to this same author, this is the best possible compromise
between anesthetic risk and the attainment of good
quality speech results. On the other hand, according to
some other authors, palate repair surgery mainly aims
to restore the correct velopharyngeal function.
Therefore, this surgical procedure ought to be
undertaken in the first year of life before the
development of a replacement joint. In addition, it is
important to remember that the soft palate is used for
speaking and therefore is only really used starting from
the age of 1 year. Therefore, the velum must be closed
before the age of 01 yearZl8] Based on a recent
multicenter study that was conducted on the language
assessment of 5-year-old children with complete cleft lip
and cleft palatel?l the percentage of good intelligibility
(1, I-11, and 1IB) with the Talmant protocol is quite high
(87.5%), while that of our classic protocol is relatively low
(52%).

Furthermore, the postoperative evaluation is mainly
dominated by the search for velar insufficiency
(velopharyngeal insufficiency). It is worth mentioning
that, until now, there is no international consensus on
how to assess phonation[22. It is quite possible to assess
phonation, in the proper sense of the word, by studying
parameters such as nasality, nasal air emission, joint
disorders, and compensation phenomena. It is
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important to know that these parameters indirectly
reflect the capacity of the velopharyngeal sphincter to
achieve good occlusion. In addition, the function of the
velopharyngeal sphincter can be directly assessed using
the aerophonoscopy and radiography techniques in order
to determine if the sphincter is anatomically performing
its function correctly. Note that, in this case, it is no
longer the phonatory disorders that are assessed, but
rather the sphincter function. Obviously, the two

parameters are inseparablel2Ll,

Clinical examination

It must be emphasized that this examination is crucial
and informative. Indeed, according to Sommerlad, the
dynamic examination of the veil when issuing an [a] is

sufficientl22l. Moreover, a clinical examination allows
the soft palate to be properly explored; it also helps to
obtain interesting information about its length, quality,
appearance, and mobility. Nevertheless, this
examination is always subjective. Note that the presence
of oral-nasal communication usually implies functional
disturbances during the phonatory and swallowing
functions. In addition, the therapeutic attitude towards
fistulas would depend on the possible disorders, which
will be all the more important as the fistula is large.
Moreover, it was shown that air leakage during
phonation can interfere with speech and sound

resonancelZl, Among the cases studied, 12 of them
presented palatal fistulas that were closed by surgery.

Subjective assessment of oral production

The subjective listening assessment is the most
common method for assessing voice quality, although it
poses a reliability problem. This technique is based on
intra-listener variability and inter-listener variability
(Borel - Maisonny classification). Phonations I, I/II, and
II B are considered satisfactory phonations because the
nasal sound does not interfere with speech intelligibility.
In addition, the nasal noise can be either mild or
moderate. In general, these phonations can be improved
by speech therapy and, for the vast majority, should not
require secondary surgery. On the other hand,
phonations II M and III are considered unsatisfactory
due to poor speech intelligibility linked to severe nasal
noise, often with added noises (nasal murmur, glottis,

hoarse murmur, nasal snoring)@l,

Profile teleradiography

It is used to classify the different types of
cyclopharyngeal occlusions. According to Van Demark,
when the distance between the soft palate and the
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posterior pharyngeal wall is greater than 2 mm, there is
velopharyngeal insufficiency (VPI). Further, it was

deemed interesting to use Bjork's ratio (VL/CD)I§l as well
as the posterior nasal spine (PNS) - anterior nasal spine
(ANS) axis as a radiological reference in order to be able
to carry out an objective evaluation of the length of the
veil, its mobility, and the cavum depth, and also to do an
anatomo-functional classification. Other authors, such

as Subtelny22l and Owsley[28l also used Bjork's ratio
(VL/CD) for the radiological evaluation of their patients.

On the other hand, aerophonoscopy makes it possible to
quantify the nasal air emission during the phonatory
function and also to compare the nasal air emissions
between two check-ups in order to assess the effects of

an operation or speech therapy2Zl. In this context,
Gabriel Rousteau, a phoniatric physician, has repeatedly
described in his work a protocol that allows
distinguishing whether the origin is functional, organic,
or neurological. On the expression
"sinousaosénsitatousenawats”, the nasal airflow in oral

speech (NAFOS)128] comprises all the oral vowels and the
constrictive "s” which is the consonant that requires the
highest velopharyngeal contraction.

Tonic mouth breathing

In this case, it is required to breathe as hard as possible
through your mouth after a good breath intake. The
examination carried out makes it possible not only to
evaluate the effectiveness of the velopharyngeal
contraction but also to detect the difficulties in
dissociating oral breathing and nasal breathing in
children with dyspraxia. For this, it was decided to adopt
an aerophonoscopic exploration protocol for all patients.
It should be noted that recent and detailed studies
relating to the aerophonoscope are quite rare. In 2015,

Ganrylﬁl found that the aerophonoscope provides
reproducible inter- and intra-individual quantitative
measurements. Its sensitivity to the degree of occlusion
of the velopharyngeal sphincter is quite good in healthy
subjects. However, the benefit of aerophonoscopy in the
treatment of labial-alveolar-palatal clefts remains to be
established. It is worth noting that more reliable
quantitative data are still needed to determine the
importance of this instrument in the follow-up of
children with clefts, in the decision-making of a surgical
veil replacement, and in the evaluation of the
effectiveness of secondary procedures such as
pharyngoplasty with a lower or upper pedicle. With
regard to Gbaguidi, Testelin, and Devauchelle (ZOOB)ml,
they found that, in the case of velopharyngeal
insufficiency (VPI), the exploration of phonation by
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aerophonoscopy seems to be a quite suitable
examination for the assessment of phonation, due
particularly to its ease of use, its non-invasive nature,
and also to the fact that it can be repeated on demand.
Now, the only question worth asking is: From what age
can we apply aerophonoscopy? In his study, which

involved 314 patients, G. Rousteaul2l indicated that this
technique can be applied from the age of 3 and a half.
Moreover, due to the reproducibility of the tests,
phonation can be objectively compared, for the same
patient, before and after surgery. Moreover, another
advantage of the aerophonoscope lies in the fact that it
can help with speech therapy, which allows the patient
to rehabilitate thanks to a retroactive visual effect. In
this context, Devauchelle et al. (2003) suggested that
when a pharyngoplasty is decided following the
identification of velopharyngeal insufficiency in a child
with a cleft palate, an aerophonoscope assessment may
be performed in the month preceding the operation.
Then, it can be repeated after one month, six months,
and one year after the operation. Afterward, the early
result is evaluated one month after the operation in
order to decide whether speech therapy should be
repeated again or not. Note that the effectiveness of this
rehabilitation is evaluated during the following
aerophonoscopic examinations. For Devauchelle and
colleagues, even if the aerophonoscope seems to be ideal
for assessing phonation and for comparing the results, it
does not, however, give any indication about the
mechanism of velopharyngeal insufficiency, and
therefore does not make it possible to prefer one surgical
technique over another. Moreover, when two patients
present the same nasal air emission, it is possible that
one of them may have a less shocking tone alteration on
listening than the other, with nasal snoring or

extraneous noises like nasal breathing@l. It is worth
pointing out that nasal air emission cannot be the only
decision-making criterion in terms of rehabilitation.
One has to take into consideration the discomfort felt by
the child with respect to these phenomena. According to

P. Blotl32l it is possible to use numerical values for the
purpose of developing research protocols, in particular
in the case of velar surgery, but also for monitoring
patients who have had functional rhinoplasty surgical
operations. This constitutes one of our current research
objectives. In our work, the aerophonoscope would be an
effective tool that can be made available to the pediatric
surgeon when assessing velopharyngeal insufficiencies
(VPIs) because it provides precise, reliable, and user-
friendly assistance. It is a practical and reliable
therapeutic accessory because it allows for velar
rehabilitation that may be assisted by several modes
(plane, clown). Moreover, it allows patients to easily
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identify their faults with high reliability in finding nasal
leaks. It can also make the preoperative and
postoperative assessment easier and may also facilitate
the comparative studies of subsequent examinations in
accordance with the selected protocol. However, certain
difficulties, such as tuning problems during
measurements or software freezing, especially when
used for the first time, have been reported.

Conclusion

This retrospective study made it possible to establish an
adequate clinical and paraclinical analysis of the
operated cleft palates. In addition, the profile
radiography and aerophonoscopy techniques were of
great and reliable assistance in the assessment of
velopharyngeal insufficiencies (VPIs). These two
techniques are unquestionably important. In addition,
the classical Wardill-Veau-Kilner palatoplasty without
muscle reposition showed a much higher percentage of
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velopharyngeal insufficiency (VPI) than Sommerlad’s
intravelar veloplasty (IVV) or Furlow’s palatoplasty with
muscle reposition. Finally, it is highly recommended to
perform early and functional surgery in the primary
closure of cleft palates in order to decrease the incidence
rate of fistulas and velopharyngeal insufficiencies (VPIs).
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Grade Description
1 Normal phonation - No nasal leakage
1/2 Intermittent nasal leakage
2b Continuous nasal air emission - Intelligible phonation
2m Continuous nasal air emission - Unintelligible phonation
3 Presence of compensatory mechanisms

Figure 7: Borel - Maisonny classification
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Figure 9: Lateral radiography
Static: Bjork ratio (VL/CD) greater than 1; Dynamic: Mobility of the veil (elevation) in

"i": (1) The veil is static immobile, (2) The veil is not very mobile and is located below
the (ANS - PNS) axis, (3) The veil is mobile and is located on the (ANS - PNS) axis
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Figure 10: Lateral teleradiography - Photo taken at the radiography department -
Tlemcen
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Figure 11: Profile aerophonoscopy - Photo taken at the radiography department -
Tlemcen
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75 — 100 %: Very severe nasal air emission

Figure 13: 0%: No nasal air emission; Nasal air
emission between 75 and 100 %: very
severeAerophonoscopy - Nasal airflow in oral
speech (NAOS)
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Figure 14: Profile x-rays: A—B - C
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