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EFFECTS OF A SILICONE-COATED POLYAMIDE NET
DRESSING AND CALCIUM ALGINATE ON THE HEALING
OF SPLIT SKIN GRAFT DONOR SITES:

A PROSPECTIVE RANDOMISED TRIAL

O'Donoghue J. M., O'Sullivan S. T., O'Shaughnessy M., O'Connor T. P. F
Department of Plastic Surgery, Cork University Hospital, Wilton, Cork, Ireland

SUMMARY

An open randomised prospectively controlled trial was performed to assess the healing efficacy, slippage rate and
degree of discomfort on removal of calcium alginate and a silicone-coated polyamide net dressing on split skin
graft donor sites. Sixteen patients were randomised to the calcium alginate group and 14 to the silicone-coated
group. The donor sites were assessed at days 7, 10, 14 and up to day 21. The mean time to healing in the cal-
cium alginate group was 8.75 + 0.78 days (range 7 to 14 days) compared to 12 + 0.62 days (range 7 to 16 days)
for the silicone-coated group (p < 0.01). Although more silicone-coated dressings slipped (5 versus 1), the differ-
ence was not statistically significant. Pain during the first dressing change was assessed using a visual analogue
pain scale. Although no significant differences were found between the groups, it was necessary to change the
dressing protocol in the silicone-coated arm of the trial after entering the first two patients. Overlaid absorbent
gauze adhered to the donor site through the fenestrations in the dressing necessitating the placement of paraffin
gauze between the experimental dressing and the overlying cotton gauze. There was one infection in the study,
occuring in the alginate group. Based on these results we recommend calcium alginate as the dressing of choice
for spilt skin graft donor sites.

ZUSAMMENFASSUNG

Die Auswirkung des mit Silikon bezogenen Polyamidnetzverbandes und Kalziumalginats auf die
Heilung der gespalteten Hautspaite der Entnahmestelle: der prospektive randomisierte Versuch

O'Donoghue J. M., O'Sullivan S. T., O'Shaughnessy M., O'Connor T. P. F.

Es wurde durchgefuhrt der getffnete randomisierte prospektiv gesteuerte Versuch, um die Auswirkung der Hei-
lung, das RutschungsmaB und das Unbegeumlichkeitsgrad bei der Abnahme des Kalziumsalginates- und des mit
Silikon bezogenen Polyamidnetzverbandes von der gespalteten Hautspalte der Entnahmestelle festzusetzen.
Zufallig wurden eingereiht 16 Patienten in die Gruppe mit dem Kalziumalginatsverband und weiteren 14 in die
Gruppe mit dem Silikon bezogenen Verband. Die Entnahmestellen werden ausgewertet vom 7, 10, 14 bis zum 21.
Tag. Die durchschnittliche Heilungsdauer in der Gruppe mit Kalziumalginat war 8, 75 + 0,78 Tage (im Zeitabschnitt
von 7 bis 14 Tagen) im Vergleich zu 12 + 0,62 Tage (im Zeitabschnitt von 7 bis 16 Tagen) der Silikongruppe (p <
0,01). Obwoh! die mit Silikon bezogenen Verbande 6fters herabrutschten (5:1), der Unterschied war statistisch von
keiner Bedeutung. Der Schmerz wahrend des ersten Verbandswechsels wurde anhand der visualen analogen
Schmerzskala festgelegt. Obgleich keine signifikante Unterschiede zwischen den Gruppen gefunden wurden, war
notwendig nach dem Beginn das Verbandsprotokoll bei mit dem Silikon bezogenen Armes der ersten zwei Patien-
ten zu verandern. Das obere Absorbsgaze, die zur Entnahmestelle Gber die Fenestration im Verband anlag, ver-
langte die Anlegung des parafinierten Gazas zwischen den experimentalen Verband und das uberliegende
Baumwollegaza. In der Studie wurde eine Infektion festgestellt, die in der Alginatgruppe passierte. Aufgrund der
Ergebnissen empfehlen wir das Kalziumalginat als mogliche Verbandswahl flr die gespaltete Hautspalte der Ent-
nahmestelle.

Key words: split skin graft, donor site, calcium alginate, silicone, dressings

Choosing the most appropriate wound dress-
ing is of importance in optimizing healing and
minimizing pain. In a previous randomised trial
we demonstrated the healing efficacy of calcium
alginate over paraffin gauze on split skin graft
donor sites (O’Donoghue, 1997). The value of cal-
cium alginate as a donor site dressing has also
been confirmed in other studies (Atwood, 1989;

Basse, 1992). Its mechanism of action appears to
result from an ion exchange reaction between the
calcium of the alginate filaments and the sodium
present in blood and exudate on the wound sur-
face.

A newer synthetic dressing has been devel-
oped and is marketed as non-adherent but perme-
able to excess exudate (MepitelR, Molnlycke).
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This dressing is sterile and made of medical
grade silicone gel bonded to a soft and pliable
polyamide net. The net is flexible and easily cut,
thereby enabling it to conform to almost any con-
tour. The porous nature of the net prevents the
collection of excess exudate beneath the dressing.
Despite the fact that the dressing does not adhere
to moist surfaces, the silicone gel does adhere to
dry normal skin, thus theoretically preventing it
from slipping. These potentially beneficial fea-
tures of silicone net as a donor site dressing were
examined in an open prospectively randomis

controlled trial. Calcium alginate (Kaltostat™,
Britcair) was used as the comparative dressing.

MATERIALS AND METHODS

Following approval by the Clinical Research
Ethics Committee of University College Cork, 30
patients were randomised into one of two treat-
ment groups. Those included in the trial were fit,
healthy adults who could give informed consent
and who presented with small full thickness de-
fects (< 10 x 18 ecm) which required split skin
graft cover (Table 1). Those excluded included
children, patients on long term steroids, diabet-
ics, patients with autoimmune collagen vascular
diseases and patients with general debility in-
cluding those with nutritional deficiencies.

Tab. 1. The defects requiring split skin graft cover

Defects Calcium alginate | Silicone net

Burns

Pretibial lacerations
Degloving injuries
Tumour excision

Totals

Patients randomised to Group A (even num-
bers) had their donor sites dressed with a single
layer of calcium alginate impregnated with 0.25%
plain bupivacaine. A generous overlap onto dry
skin was ensured. This was overlaid with gauze,
cotton wool and a bandage. Those randomised to
Group B (odd numbers) were dressed with a sin-
gle layer of silicone net overlaid with gauze and
wool and secured with a bandage. The silicone
net dressing was also overlapped onto dry skin
and the wound was irrigated with 0.25% plain
bupivacaine prior to applying the dressing. All
grafts were harvested from the lateral aspect of
the thigh using a PadgettR electric dermatome at
a setting of 0.01 inches. This ensured as much as
possible uniform thickness of the grafts har-
vested. An adrenaline soaked gauze was placed
temporarily on each donor site for 10 minutes
prior to applying the dressing.

Donor site healing was assessed at days 7, 10,
14 and up to day 21 by the first author (JOD).

A donor site was classified as 100% healed if the
wound had a dry reepithelialised surface. If it
was noted to be unhealed then the dressing was
replaced. Pain during the first dressing change
was assessed using a 10 Visual Analogue Pain
(VAP) scale (0 represented no pain and 10 the
worst pain ever experienced). The presence of in-
fection was assessed by routine culturing of
wound swabs. Dressing slippage was also re-
corded at the first dressing change. Statistical
significance was taken at the 5% level.

RESULTS

Sixteen patients were randomised to the cal-
cium alginate group and 14 patients to the- sili-
cone net group. There were no significant differ-
ences in the gender distributions or age ranges
between the two groups of patients (Table 2).

Tab. 2. Age and gender “distribution’ of the study groups

Calcium alginate Silicone net

Males 9 7
Females 7 7
Age range 19-72 years 20-71 years

Mean age 49.9 years 46 years

All donor sites were healed by day 16 with
a mean of 8.75 = 0.78 (SEM) days for calcium
alginate (range 7 to 14 days) and 12 + 0.62 (SEM)
days for silicone net (range 7 to 16 days) with ¢ =
3.256,i.e. p < 0.01 (Table 3).

Tab. 3. Time to healing (in days)

Calcium alginate Silicone net

Range 7-14 7-16
Mean 8.756 12
SD 3.13 2.32
SEM 0.78 0.62

t = 3.256 at 28 DF
p<0.01

The first two patients in the silicone net
group scored 10 and 9 respectively on the VAP
scale during the first dressing change. It was
noted that the overlaid gauze had adhered to the
unhealed donor site through the fenestrations of
the silicone-coated dressing, thereby causing
maximum discomfort on removal of the dressing.
It therefore became necessary to change the trial
protocol. Subsequent patients in the silicone net
group were dressed with a layer of paraffin gauze
placed over the silicone net in order to prevent
the absorbent cotton gauze from sticking to the
wound. Wilcoxan Rank sum and Student ¢ tests
for unpaired samples revealed no differences in
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pain perception between the two groups whether
or not the first two patients in the silicone net
group were included in the analyses, i.e. p > 0.05
(Table 4).

Tab. 4. VAP scores recorded during the first dressing change

VAP Calcium alginate Silicone net

Range 0-9 1-10
Mean 2.68 4.7

SD 2.65 2.61
SEM 0.66 0.725

t =2.104 at 28 DF
p> 0.05
Zero represents no pain and 10 the worst possible pain

Although more silicone net than calcium algi-
nate dressings slipped, this difference was not
statistically significant (Table 5). There was only
one proven infection in the study. This was
a Pseudomonas aerginosa infection which oc-
curred in the calcium alginate group.

Tab. 5. Dressing slippage rates

Calcium alginate | Silicone net

Slipped dressing 1 5
Unslipped dressing 15 9

x? = 2.419 at 2 DF
0.5>p>0.1NS

DISCUSSION

This study analyses time to healing, pain dur-
ing dressing changes and slippage rates for two
different dressings on split skin graft donor sites
in a randomised prospectively controlled open
trial. Silicone-coated polyamide net was the ex-
perimental dressing and calcium alginate was
considered as the control because its efficacy in
the healing of split skin graft donor sites has been
clearly demonstrated in a number of previous
studies (O’Donoghue, 1997; Attwood, 1989; Basse,
1992).

Ideally, blinding the donor site examiner to
the dressings used would have added more
weight to the study. However for logistical rea-
sons, this was not possible in our unit. Neverthe-
less, study design is important if meaningful con-
clusions are to be drawn. For instance the intro-
duction of strict exclusion (and inclusion) criteria
is important in wound healing studies in order to
reduce as much as possible the many variables
which influence wound healing. However this re-
sults in difficulty recruiting large numbers of pa-
tients into such a study. Previous studies which
have compared calcium alginate to other donor

site dressings have also contained small num-
bers. Vanstraelen demonstrated significantly re-
duced healing times for calcium alginate when
compared to porcine xenograft in a non random-
ised study of only 20 patients (Vanstraelen,
1992). There were no exclusion criteria applied in
this study and grafts were harvested with a Wat-
son knife. Although an electric dermatome does
not guarantee uniformity of graft thickness it en-
sures as much as possible that variations in the
depth of donor sites between individuals is re-
duced. We believe this is important when trying
to assess healing efficacy. In the study by Basse
et al only 17 patients were studied in a non ran-
domised trial (Basse, 1992). The time to healing
with the use of calcium alginate was reduced
when compared to paraffin gauze. Attwood also
demonstrated similar results in phase I of his
trial in which only 15 patients were included
(Attwood, 1989). He also makes the point that
there is little point in proceeding with a trial if it
is noted that one form of treatment is far superior
to another. In our trial the time to healing was
significantly longer in the silicone net group. Con-
tinuation of the trial would not have been ethi-
cally justified.

In the previous studies which compared cal-
cium alginate with other experimental dressings
it is interesting to note that the patients acted as
their own controls. For instance, both Attwood
and Vanstraelen dressed one half of the donor
site with calcium alginate and the other half with
another dressing (Attwood, 1989; Vanstraelen,
1992). We believe there are several shortcomings
associated with the use of this design methodol-
ogy. Firstly, it is difficult to assess patient dis-
comfort to a dressing if both experimental dress-
ings are in contact with one another. Secondly,
dressing slippage is also difficult to assess as slip-
page may result from one dressing shearing off
the other. Thirdly, it is difficult to be sure if epi-
thelialisation near the edge of a dressing has re-
sulted from healing in the adjacent region cov-
ered by the other dressing. This may account for
the differences noted in healing times between
the various studies for wounds covered with cal-
cium alginate. Finally, assessing the likelihood of
infection developing beneath a dressing is impos-
sible, as the infection can easily spread from one
covered area to an adjacent one. Therefore, we
believe it is important when performing skin
graft donor site trials to randomly allocate dress-
ings to individual patients and to compare re-
sponses in one individual with responses in an-
other.

Although one study supports the use of sili-
cone-coated polyamide net dressing as a skin pro-
tective agent during irradiation (Adamietz, 1995),
the authors noted that dressing displacement was
a problem. Although there was no significant dif-
ference in the slippage rates between the two
dressings used in our trial (Table 5), it is interest-
ing to note that more dressings slipped in the
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silicone net group (5:1). As a result, the overlying
gauze adhered to the wound surface, thus proving
difficult and painful to remove.

Pain is a subjective experience and may vary
greatly between patients, thus making it difficult
to quantify. However, VAP scores have become
accepted as a reliable method for measuring and
comparing pain (Choiniere, 1994; Marvin, 1996).
In this trial, no significant differences in VAP
scores were noted between the two groups. How-
ever, it must be noted that the trial protocol was
changed after the first two patients were random-
ised to the silicone net arm of the study.

Because the overlying absorbent gauze be-
came adherent to the unhealed donor site
through the fenestrations in the silicone-coated
net, it was necessary to cover the net with paraf-
fin gauze to prevent this from happening. This
encouraged blood and exudate to collect beneath
the dressing. This may have contributed to the
slower healing times noted in this group of pa-
tients.

In this study we impregnated the calcium al-
ginate with 0.25% plain bupivacaine and sprin-
kled it directly on the wound in the silicone net
group. This has been shown in a previous study
to significantly reduce postoperative donor site
pain (Butler, 1993). Although the effects of bupi-
vacaine on wound healing are unknown, it has
been clearly shown that its use with calcium algi-
nate does not interfere with the healing of split
skin graft donor sites (Butler, 1993).

Silicone-coated polyamide net has been shown
to be useful in fixing split skin grafts to the graft
bed. In a non-controlled study in children almost
all the grafts took completely and dressing
changes were apparently well tolerated (Vloe-
mans, 1994). In a randomised controlled trial
comparing silicone net and paraffin gauze dress-
ings in skin-grafted sites, dressing changes
proved significantly less painful for those in the
silicone net group while dressings proved signifi-
cantly more difficult to remove in the paraffin
gauze group (Platt, 1996). However, there would
appear to be a lack of prospective randomised tri-
als in the literature examining its use as a donor
site dressing. In the present study we were un-
able to demonstrate improved healing efficacy of
donor sites dressed with silicone-coated
polyamide net when compared to calcium algi-
nate. We also found no difference in the level! of
discomfort experienced by patients during the

first dressing change. In addition, at the time of
going tg press, similar sized silicone net
(Mepitel™) is approximately twice as expensive as
calcium alginate (Kaltostat™) per unit issue.

Calcium alginate has proven in a number of
trials to be a useful donor site dressing. We con-
tinue to use it as our dressing of choice and we
would recommend that any future trials of poten-
tially novel donor site dressings should include
calcium alginate in the study design as the com-
parative control. We would not recommend the
use of silicone-coated polyamide net as split skin
graft donor site dressing.
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PHYSIOLOGICAL DIFFERENCES FOR DISTINCT SOMATIC
SENSORY MODALITIES AND SWEATING AMONG THE DONOR
SITES OF CUTANEOUS AND FASCIOCUTANEOUS FREE FLAPS

Ahcan U., Arnez Z. M., Kristan A.

University Department of Plastic Surgery and Burns, University Medical Centre Ljubljana, Slovenia

SUMMARY

Differences of sensation and sweating among the typical sites of cutaneous and fasciocutaneous flaps (scapular,
lateral arm, radial forearm, groin and dorsalis pedis) were assessed in 30 healthy volunteers (20 males and 10 fe-
males) aged 17-62 years (mean 38.2 years). Standard clinical methods were used: Semmes-Weinstein monofila-
ments for testing light touch threshold, discriminator and blunt caliper for evaluation of static and dynamic
two-point discrimination and the Marstock quantitative method for assessing the normative values of warm-cold
difference limen and heat and cold pain thresholds. Spontaneous sweat secretion was observed and documented
by the ninhydrin test.

We established various physiological differences for distinct somatic sensory modalities and sweating among the
body regions (donor sites of cutaneous and fasciocutaneous free flaps).

ZUSAMMENFASSUNG

Die physiologischen Unterschiede in der Empfindlichkeit und dem Schwitzen an den typischen
Entnahmestellen der freien Haut- und Fasziokutannlappen

AhcCan U., Amez Z. M., Kristan A.

Bei 30 gesunden Freiwilligen (20 Manner und 10 Frauen) im Alter von 17 bis 62 Jahren (Durchschnittsalter 38,2
Jahre) wurden die Unterschiede in der Empfindlichkeit und dem Schwitzen an den typischen Entnahmestellen der
Haut- und Fasziokutannlappen (von der Schaufel, der lateralen Seite des Oberarmes, der radialen Seite des Un-
terarmes und von der Lohe und dem FuBbriicken) beobachtet.

Es wurden die standarten klinischen Methoden angewandt: die Semmes-Weinstein's Methode fur den Test der
weichen Beruhrung mit Anwendung der monofilen Faser, die stumpfe Schublehre fur die Auswertung der statis-
chen und dynamischen Unterscheidung der zwei Punkte und die Marschtock's kvantitave Methode fur die Bes-
timmung der Unterscheidungsnormen der Warme und Kalte und der Warm- und Kalteschmerzschwelle. Die
spontane SchweiBsekretion wurde beobachtet und dokumentiert anhand des Ninhydrinstestes.

Die Autoren setzten fest die physiologischen Unterschiede in der Empfindlichkeit und dem Schwitzen zwischen
den genannten Koérperteilen (der Entnahmestellen der freien Haut- und Fasziokutannlappen).

Key words: sensation, sweating, cutaneous and fasciocutaneous free flaps

With the development of microvascular sur-
gery, the distant transfer of large skin/fasciocu-
taneous flaps has become an important part of
reconstructive surgery. Free flaps provide soft-tis-
sue coverage, vascularity and sensibility to the
injured site (Lee, 1992).

The selection and quality of free flaps depend
on their appearance (thin, pliable), the length and
the diameter of the vascular pedicle, their acces-
sibility, their possibility to be innervated and the
aesthetic/functional problems created at the do-
nor site (Webster, 1988).

Problems of blood supply dominate all aspects
of flap design and transfer. Skill in the design
and use of flaps is very much a matter of balanc-

ing the demands of flap blood supply against
those of flap geometry (McGregor, 1989).

Beside an appropriate vascular background,
the selection of an appropriate flap donor site also
based on the need for fine discriminatory or pro-
tective sensation, which is important for optimal
results (Lee, 1992). The present era is the results
of continuing efforts to improve detailed function
and aesthetics (Boyd, 1994). Flap selection for re-
construction of skin/soft tissue defects is still
a challenging problem to the plastic surgeon
(Boyd, 1994; Chang, 1986). Sensation in those
specific regions has a vital impact on function and
quality of life.
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It is therefore important to evaluate the
neurosensory potential of different described
flaps as well as the long-term sensory ability fol-
lowing transfer.

We believe that the recovery of distinct so-
matic sensory modalities has different impacts on
final function. Warm-cold difference limen and
heat and cold pain thresholds are more important
in flap selection for oromandibular reconstruc-
tion; discriminatory sensation and vegetative
function seem to be more important in recon-
struction of the palm and sole.

Comparison with the equivalent area on the
contralateral uninjured digit is an accurate way
of expressing outcome, when assessing the results
of peripheral nerve repair in replantation (Cal-
der, 1993).

Data about distinct somatic sensory modali-
ties and sweating of different typical donor sites
for cutaneous and fasciocutaneous free flaps are
therefore also important for estimating the final
functional results (flap reinnervation) after sur-
gery.

The purpose of this study is to assess the dif-
ferences in sensation and sweating among the
typical sites of some often used cutaneous and
fasciocutaneous free flaps (scapular, lateral arm,
radial forearm, groin and dorsalis pedis).

SUBJECTS AND METHODS

Subjects

The study was approved by the National
Committee for Medical Ethics. Thirty healthy
adolescents and adults, 20 males and 10 females
aged 17-62 years (mean 38.2 years), were in-
cluded in the study.

Methods

The testing began following a thorough de-
scription of the experiment to the patient. Sensa-
tion and sweating were evaluated at typical donor
sites of cutaneous and fasciocutaneous flaps
(scapular, lateral arm, radial forearm, groin and
dorsalis pedis), palm and sole.

The two-point discrimination threshold test
utilised a blunt caliper to determine the mini-
mum distance at which the two points of contact
could be distinguished from a single one (Wood-
ward, 1987).

Static two-point discrimination for evaluation
of the innervation density of the slowly adapting
fiber-receptor system and moving two-point dis-
crimination for evaluation of the innervation den-
sity of the quickly adapting fiber-receptor system
were performed using standard tachniques
(Omer, 1980).

To quantify the cutaneous pressure threshold
(the stimulus intensity required to initiate an im-
pulse) of the slowly adapting fiber receptors, we
used Semmes-Weinstein monofilaments (HAND
SET sensory testing nylon filaments, Gills W.
Long Hansen’s disease center, Cerville, Louisi-

ana, USA). The Semmes-Weinstein monofila-
ments pressure aesthesiometer, which consists of
a series of 8 probes marked 2.83 to 6.65, was ap-
plied manually to the skin surface. The number
represents the logarithm of 10 times the force in
miligrams required to bow the monofilament
(Omer, 1980). The patients closed their eyes
while we touched the skin with a monecfilament.
When the patients felt the pressure, they opened
their eyes and localised the touch point with their
index finger. Monofilaments were applied three
times. If the patient missed the same monofila-
ment twice in the same area, a larger monofila-
ment was selected.

The Marstock method for the quantitative as-
sessment of warm and cold temperature pain es-
timation was used. Subjective thresholds for
warm and cold sensation and heat- and cold-in-
duced pain were measured during delivery of
ramps of relatively low or high temperature stim-
uli using a Quantitative SOMEDIC Thermotest
device (Somedic AB, Stockholm, Sweden).
A Peltier type thermode measuring 25 mm x 50
m was applied to the thenar eminence, sole and
typical sites for scapular, lateral arm, radial fore-
arm, groin and dorsalis pedis flaps. The tempera-
ture of the thermode could either rise or fall from
the adapting temperature of 30 °C at various
rates, depending on the direction and intensity of
the current flow through the device. The tempera-
ture range of the probe was 10 - 50 °C. The sub-
ject held a switch in the free hand, which was to
be pressed at the first sensation of either warmth
or cold and heat or cold pain. A chart recorder
registered temperature changes over time. At
each site four consecutive responses were re-
corded. The rates of temperature change were
0.15 °C/s when detecting the warm-cold difference
limen (WCDL) and 1 °C/s when detecting heat
(HPT) and cold pain thresholds (CPT). In order to
reduce variability, experimental conditions, in-
cluding the physiological and mental state of the
subjects, were carefully controlled.

The spontaneous sweat secretion was ob-
served and documented by the ninhydrin test us-
ing a standard technique (Ahéan, 1997). The re-
sults of the ninhydrin test were classified by the
intensity of the print pattern.

The absolute values of quantitative sensibility
(thresholds) tended to fluctuate considerably
among the subjects, therefore we used basic sta-
tistical analysis: the setting of numerical values
into ranges. For each volunteer absolute values of
distinct somatic sensory modalities (thresholds)
from different body regions (free flap donor sites)
were ordered into ranges from 1 to 7. The results
were expressed by the mean value of ranges cal-
culated from all volunteers.

RESULTS

Our results confirmed the existence of physi-
ological differences for distinct somatic sensory
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modalities and sweating
among the donor sites of cuta-
neous and fasciocutaneous
free flaps. The two-point dis-
crimination threshold, the cu-
taneous pressure threshold,
the thresholds for warm and
cold sensation and heat- and
cold-induced pain, and sweat-
ing varied among the subjects
and within body regions (do-
nor sites for cutaneous and
fasciocutaneous free flaps).

Static and dynamic
two-point discrimination
thresholds were lowest on
the palm and sole, the dor-
salis pedis, the radial forearm
and the lateral arm free flaps.
The highest two-point dis-
crimination thresholds were
observed in the groin and
scapular regions.

Cutaneous pressure
thresholds were lower on
the lateral arm and radial
forearm free flaps and in the
palm, groin and scapular re-
gions when compared to the
sole and the region of the dor-
salis pedis free flap.

The regional variability in
the detection of small tem-
perature variations (subjec-
tive thresholds for warm and
cold sensations) was consider-
able. Greater sensitivity for
cold and warm perception
thresholds (warm-cold differ-
ence limen - WCD) was found
on the palm, the lateral arm
and radial forearm free flaps,
and the groin. Thermal sensi-
tivity was worse on the sole
and in the scapular region
and the region of dorsalis pe-
dis free flap.

The most sensitive body
regions for cold pain were the
groin, the radial forearm and
the lateral arm free flaps and
the scapular region, followed
by the palm, the region of the
dorsalis pedis free flap and
the sole. Greater sensitivity
for heat pain was found in the
region of the radial forearm
free flap, the groin, the region
of the dorsalis pedis free flap
and the scapular region.
Lower sensitivity for heat
pain was found on the sole,

Table 1. Quantitative sensibility for distinct somatic sensory modalities in different
body regions (expressed in mean values of ranges)

s 2PD d 2PD Pressure WCD CPT HPT
threshold

palm 121 | palm 129 | palm 391 | palm 1.93 | sole 3.62 | palm 4.85

sole 215 | sole 235 | sole 5.06 [sole 523 |palm 538 | sole 5.92

DPff 3.35 | Dpff 3.35 | LAff 297 | LAff 296 | Gff 265 | RFff 285

RFff 3.85 | RFff 4.12 3.12 3.00 288 | Gff 3.23

LAff 4.85 | LAff 5.05 | Gff 3.35 3.96 | LAff 3.50 3.42
Gff 576 | Gff 553 | Sff 4.74 491 | Sff 3.62 | Sff 3.73
Sff 6.44 | Sff 6.29 | DPff 4.91 | Sff 523 | DPff 5.19 | LAff 4.15

s 2PD = static two-point discrimination, d 2PD = dynamic two-point discrimination,
WCD = warm-cold difference limen, CPT = cold pain threshold, HPT = heat pain
threshold, DPff = dorsalis pedis free flap, RFff = radial forearm free flap, LAff = lateral
arm free flap, Gff = groin free flap, Sff = scapular free flap

s2pD_ |
42 PD
pressure
threshaold
wiD
«rr
1PT
sweatlng

|s2 D | 48
[d2PD 1 5.05
pressure 297
threshold x
WCD 2.96 hrestiold lhvu.-shuldb
PT woen
CPT 34 wen l L
I [cpT
el 4. ’ o ‘ s
swealing 3.9( f TId] ur

‘ aweating

N | sweating

a28n
pressure |

| threshold
WCD | 193 |

CPT [ 362
HPT 485
sweatlng | 1.35

s2PD
d2PD

pressure

threshold threshuld
WD 5.23 wep
CPl 1R {crr
PT 2 A HPT

Scs: ot - ===
sweating | 165 sweallng |

Fig. 1. Quantitative sensibility for distinct somatic sensory modalities and sweating
between the donor sites for cutaneous and fasciocutaneous free flaps (mean values of
ranges); s 2PD = static two-point discrimination, d 2PD = dynamic two-point discrimi-
nation, WCD = warm-cold difference limen, CPT = cold pain threshold, HPT = heat
pain threshold.

Acta chirurgiae plasticae




Table 2. Spontaneous sweat secretion in different body regions (expressed in mean values

of ranges)

idly adapting mechanore-
ceptors, which vary in

palm 1.35| soles 1.65( RFff 3.10 | LAff 3.90

the size of their receptive

DPff 6.25 field, their rate of adap-

palm and the region of the lateral arm free flap.

The results for distinct somatic sensory mo-
dalities in different body regions (typical sites for
cutaneous and fasciocutaneous) flaps are col-
lected and shown in Table 1 and Figure 1.

The most intensive ninhydrin print pattern,
which reflects spontaneous sweat secretion, was
observed on the palms and soles, the forearm, the
region of the lateral arm free flap and the groin.
Less sweating was documented in the scapular
region and on the dorsum of the foot. The results
of sweating in different body regions are shown in
Table 2 and Figure 2.

DISCUSSION

Human skin provides a large surface area in
contact with the environment. Numerous stimuli
from the skin, especially from the glabrous pre-
hensile hand, are transmitted to the brain, per-
present eminence on earth

mitting man’s
(Serafin, 1991).

The receptors for somatic sensation are dis-
tributed throughout the body, therefore the so-
matic sensibilities are called the skin senses or
body senses. There are four distinct somatic mo-
dalities: touch (elicited by mechanical stimulation
of the body surface), pain (elicited by noxious
stimuli), thermal sensations (elicited by cool and
warm stimuli) and proprioceptive sensations
(elicited by mechanical displacement of muscles
and joints).

Pain is mediated by mechanical, thermal and
polymodal nociceptors. Warmth and cold are me-
diated by thermal receptors that form cold and
warm spots. Touch is mediated by slowly and rap-

tation to stimuli and
their ability to resolve
spatial and temporal features of stimuli (Martin,
1991).

In addition to these elementary modalities,
there are many submodalities. We can distin-
guish several forms of tactile sensation, such as
superficial touch and deep touch or static and dy-
namic forms of limb proprioception. Furthermore,
there are also compound sensations realised by
combining elementary modalities and submodali-
ties in different ways (Martin, 1991).

There is a large variety of morphologically
distinct somatic sensory receptors with different
physiological characteristics throughout the hu-
man body (Martin, 1991).

Hairy skin (more than 90 % of the body sur-
face) and glabrous skin have different types of
mechanoreceptors, different complexities in the
arrangement of sensory nerves, different propor-
tions of myelinated fibres, and different densities
of vegetative fibers and sweat glands (Serafin,
1991; Halata, 1993).

The human palmar skin is recognised for the
diversity and high concentration of its sensory re-
ceptor organs and for its high degree of sensibility
and sensitivity compared to more proximal cuta-
neous areas of the upper extremity and the trunk
(Cauna, 1980; Mouncastle, 1974).

In the management of peripheral nerve prob-
lems, some attempts have been made to examine
sensibility in quantitative terms (Omer, 1980).

The stimulus intensities required to initiate
an impulse (the cutaneous pressure threshold) of
the slowly adapting fiber receptors using the
Semmes-Weinstein monofilaments were accu-
rately established for the hand (Werner, 1970)

2b)

Fig. 2. The most intensive ninhydrin print pattern, which reflects spontaneous sweat secretion, was observed on the palm (a)
and soles (b), the forearm, and the region of the lateral arm free flap (c).
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and on the right and left sides of 20 body parts in
males (Weinstein, 1968).

Spatial discrimination quantified by two-point
discrimination varies between different body re-
gions, from about 2 mm on the finger to 43 mm
on the back and 50 mm on the calf (Martin, 1991).

The normative values of warm-cold difference
limens and heat and cold pain thresholds in nine
parts of the body in healthy volunteers have also
been determined (Meh, 1993).

Nevertheless, the literature contains no data
about the physiological differences for distinct so-
matic sensory modalities and sweating among the
sides for cutaneous and fasciocutaneous free
flaps.

Nowadays, appropriate selection of flap donor
sites based on the need for fine discriminatory or
protective sensation is important for optimal re-
sults (Lee, 1992).

Cutaneous and fasciocutaneous free flaps rep-
resent thin pliable soft-tissue, rich microvascula-
ture with a sufficient blood supply and different
types and numbers of free nerve endings and sen-
sory receptors, sweat glands and vegetative in-
nervation. Beside appearance, pedicle length and
diameter and other aspects of flap design and
transfer, it is worthwhile to know the quantita-
tive sensibility of the free flap prior to surgical
reconstruction.

Flap selection for reconstruction of soft de-
fects on the posterior heel, Achilles tendon,
maleolli and sole, the oromandibular region and
the palm is still a challenging problem for the
plastic surgeon (Boyd, 1994; Gang, 1987). Fur-
thermore, the sensation of specific regions such
as the oral cavity, palm and sole has a vital im-
pact on function and quality of life after recon-
struction.

The results of our study confirmed the exi-
stence of physiological differences for distinct so-
matic sensory modalities and sweating among the
donor sites for cutaneous and fasciocutaneous
free flaps.

The two-point discrimination threshold, the
cutaneous pressure threshold, the subjective
thresholds for warm and cold sensation and heat-
and cold-induced pain and sweating varied
among the subjects and within the body regions.

The dorsalis pedis and the radial forearm free
flaps seem to have the best sensory potential and
thus can provide the best reconstructive choice
for restoration of critical sensibility in mutilating
hand (palm) injuries where fine discriminatory sen-
sation is important. The most intensive sweating,
which is also important for the final functional out-
come of an injured hand, was documented in the
region of the radial forearm free flap.

For intraoral reconstruction the most appro-
priate free flaps seem to be the radial forearm,
the lateral arm and the groin free flaps, which
are the most sensitive for small temperature vari-
ations (warm-cold difference limen) and heat and
cold pain.

We know that sensory acuity is not simply
proportional to the number of sensory receptors
and free nerve endings. Furthermore, the thresh-
olds of sensory units vary for many reasons. Sen-
sibility is affected by the receptors (the condition
of the overlying epithelium, circulation and tem-
perature in the area of the receptor, specific mor-
phology and adaptability), by the afferent path-
way system (inhibitory and facilitatory effect on
transmission and summation) and by the sensory
cortex (attention and concentration of the individ-
ual, spatial-temporal pattern of impulse input,
stored memory and experience, coordination with
vision and hearing, selection and erasure of ir-
relevant information) (Omer, 1980).

Furthermore, data about free flap reinnerva-
tion and nerve regeneration within the preexist-
ing neural structures in free flaps are controver-
sial. It has been demonstrated that an axon will
grow less than 1 mm in the absence of these sup-
porting elements and that reinnervation of any
tissue requires available Schwann cell pathways
to guide the transected axons back to a receptor
organ (Dykes, 1987).

The ingrowth of a newly sprouting axon in an
empty tube of a former degenerated nerve was
also found in noninnervated myocutaneous free
flaps (Turkof, 1993). Therefore, the donor tissue
and its nervous content are important for the fi-
nal outcome of flap reinnervation and sensory
and vegetative function.

A high sensory potential for distinct somatic
sensory modalities is just one of the factors that
influence the restoration of sensibility in the free
flap following surgical repair.

The healthy denervated skin of free flaps pro-
vides a strong neurotrophic stimulus to the cut
cutaneous nerves at the edges of the recipient
skin. Therefore, the importance of the recipient
site to the sensory and vegetative reinnervation
of cutaneous and fasciocutaneous noninnervated
free flaps should be evaluated.

As reconstructive surgeons attempt to restore
sensibility using free flap transfers, it is critical
to have a clear understanding of the patterns and
mechanisms of sensory recovery. Such an under-
standing will allow us to choose the most appro-
priate donor site for free flaps (Mackinnon, 1978).

To the selection and quality of free flaps,
which are mostly based on their appearance
(thin, pliable), pedicle length and diameter, acces-
sibility, possibility to be innervated and potential
donor site defects, we suggest to add distinct so-
matic modalities and sweating in quantitative
terms.
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CASE REPORT: A FREE ARTERIALIZED VENOUS FLAP
FOR INTRAORAL CANCER RECONSTRUCTION

Cunha-Gomes D., Bhathena H., Kavarana N. M.

Plastic & Reconstructive Surgical Service, Tata Memorial Hospital, Parel, Mumbai, India

SUMMARY

The free arterialized cephalic venous flap is a good option for intraoral reconstructions. It offers thin, pliable skin
as a one-stage transfer without sacrifice of a major artery. The radial dominant hand poses a problem, which can
be surmounted by this flap.

ZUSAMMENFASSUNG

Die Beschreibung eines Falles: der freie arterialisierte Venoslappen
far die Rekonstruktion des intraoralen Krebs

Cunha-Gomes D., Bhathena H., Kavarana N. M.

Der freie arterialisierte Venoslappen ist eine richtige Wahl fur die intraorale Rekonstruktion. Er bietet an eine danne
und nachgiebige Haut fur die eingradige Ubertragung, ohne die groBe Artherie opfern zu mussen. Die radial domi-
nante Hand stellt ein Problem dar, das mithilfe dieses Lappens uberwunden werden kann.

Key words: arterialized venous flap, intraoral reconstruction

Since Nakayama’s report in 1981 (1), arterial-
ized venous flaps have been utilized in experi-
mental and clinical cases. Various authors have
reported the usefulness of this flap in their recon-
structive efforts (1-9). The venous forearm flap
has many significant advantages over the radial
artery forearm flap.

We present a case where a free arterialized
venous flap was done for an intraoral reconstruc-
tion.

CASE DETAILS

A 45-year-old male, a chronic tobacco chewer,
had an ulcerative growth over the Rt. buccal mu-
cosa, which on biopsy proved to be a well-differen-
tiated squamous cell carcinoma. The ulcer was
free from the cheek skin and did not extend into
the upper or lower buccal sulci (Fig. 1).

A wide excision of the buccal mucosa with
a Rt. supraomohyoid dissection was done. On fro-
zen section the margins were not involved. The
mandible was intact.

It was decided to resurface the defect by
a free radial forearm flap. However, a preopera-
tive Allens test on the upper extremities indi-
cated a radial dominant hand.

A free venous flap was marked on the forearm -
Of: the, non-dominant upper extremity. The paddle Fig. 1. Preoperative photograph: Rt. Buccal mucosal
of skin, 7x5 cms was marked centred over the gsguamous cell carcinoma.
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well. The donor defect was resurfaced by
a thick split thickness graft.

Postoperatively the flap settled down
well (Fig. 3). Oedema in the flap took 2
months to settle down. The donor site
healed well.

'DISCUSSION

Reconstruction of buccal mucosa
where the cheek skin and the mandible is
intact necessitates a thin pliable paddle
of skin. Skin grafts, though the easiest
solution, often lead to a host of problems
including contracture and trismus. Re-

Fig. 2. Venous flap being harvested.

cephalic vein. An extra vein draining the flap was
harvested in addition (Fig. 2).

Under tourniquet, the flap was elevated in
a plane below the deep fascia. This prevents dam-
age to the veins, which lie superficial to the deep
fascia. The flap was transferred to the defect and
then tagged into position.

The distal end of the cephalic vein was anas-
tomosed to the facial artery in the neck. The
proximal veins were anastomosed to the common
facial vein and the external jugular vein. On re-
leasing the vascular clamps the flap edges bled

Fig. 3. Postoperative photograph.

gional flaps are very bulky, disfiguring
(pectoralis major myocutaneous flap) and
may be associated with poor aesthetics of
the donor area (forehead flap).

The radial forearm flap is well suited to these
defects. However, its disadvantages include the
removal of an important arterial channel of the
hand and forearm. This flap is not harvested in
a radial dominant hand. (Indicated by a preopera-
tive Allens test.) This was the situation in this
case. Poor graft ‘take’ over the donor area on the
forearm on many occasions constitutes another
major disadvantage.

On the other hand the free arterialized ve-
nous flap constitutes a good alternative as:

1. the radial artery is not sacrificed;

2. the skin paddle is placed higher on the
forearm. Therefore the skin graft ‘take’ is much
better.

Nakayama et al. and Thatte et al. have ex-
plained that tissue oxygenation occurs from the
venous vascular plexus, the arterial side being
free of blood. This is quite different from the nor-
mal circulatory pattern: artery - capillary - tissue
- venule - vein (1, 10).

Klein, in a series of 29 patients, had complete
flap survival in 52 % of cases (9). The high mor-
bidity of this flap has been attributed to its vas-
cular pecularity. Flap failures can be minimised
if more than one outflow channel from the paddle
is anastomosed and the skin paddle limited to
45-50 square cms (7, 9).

It must be noted that, by this procedure, an
arteriovenous fistula is produced. Though small
in magnitude, its harmful effects like bradycardia
and hypertension should be anticipated.

The basic understanding of flap perfusion in
venous flaps is to be decisively understood and
demonstrated. Notwithstanding, this flap has the
potential of being an excellent modality for in-
traoral reconstructions due to its thin and pliable
characteristics and minimal donor site morbidity.
In view of the ease of harvest and large calibre of
vessels for anastomosis, the arterialized venous
flap is sure to become an important reconstruc-
tive option for facial and intraoral defects.
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CO2 AND Nd:YAG LASER-ASISSTED NERVE REPAIR: A STUDY
OF BONDING STRENGTH AND THERMAL DAMAGE

Menovsky T.

Department of Neurosurgery, University Hospital Nijmegen St Radboud, Nijmegen,
and Laser Center, Academic Medical Center, Amsterdam, The Netherlands

SUMMARY

To improve the laser welding procedure, a comparative study was undertaken to investigate the acute bonding
strength and the thermal damage following CO2 and Nd:YAG laser-assisted nerve repair, performed with and
without the use of blood and/or albumin as a solder. The strongest welds were produced with the CO2 laser using
albumin as a solder. Thermal damage was minimal with the COz2 laser, whereas the damage with the Nd:YAG la-
ser was substantial. The high bonding strength combined with minimal thermal damage of the nerve following re-
pair with the CO2 laser with the use of albumin justify further investigations using this technique in in vivo studies.

ZUSAMMENFASSUNG

CO2 und Nd:YAG Laserassistenz bei Nervenerneurung: eine Studie tlber
die Verbindungsstarke und Thermobeschadigung

Menovsky T.

Die Vergleichsstudie wurde wegen der Verbesserung der LaserschweiBung verfertigt. Sie untersucht den kritis-
chen Charakter der Verbindungsstarke und Thermobeschédigung infolge der CO2 und Nd:YAG Laserassistenz bei
Nervenerneureung, die mit oder ohne Anwendung des Blutalbumins als Lot durchgefuhrt wurde. Die stérksten
Verbindungen wurden mit dem COz Laser, der das Albumin als Lot benutzt, erreicht. Die geringste Ther-
mobeschadigung folgte nach der Anwendung des CO> Lasers, wobei nach der Anwendung des Nd:YAG Lasers
folgte eine ernsthafte Besch&digung. Die hohe Verbindungsstérke kombiniert mit einer minimalen Nerven-
beschadigung infolge der Erneurung durch den COz Laser bei der Anwendung des Albumins berechtigt die weit-

eren Untersuchungen der Anwendung dieser Technik bei Studien in vivo.

Key words: peripheral nerve, laser surgery, tissue welding, tensile strength

Experimental nerve repair by laser has cer-
tain advantages over conventional microsurgical
nerve repair (CMSR), such as minimal foreign
body reaction, less neuroma formation, and
a faster repair procedure (20). Nevertheless, the
clinical application of laser-assisted nerve repair
(LANR) is limited by a high dehiscence rate (15,
17) and unpredictable results.

Many factors influence the bonding strength
and thermal damage of laser welded nerves, such
as wavelength, amount of laser energy deposited
at the tissue, and technique that is used. More-
over, various protein solders have been used in
vessel (8), urethra (23), and nerve laser welding
(21). These solders, which provide extra proteins
for the fusion process, are welded on the outer
surface of the repair site to hold the tissue to-
gether and thus results in stronger welds and
therefore lower dehiscence rates. Moreover, they
might act as a heat sink, reducing the thermal
damage of the irradiated tissue.

Far of the most experimental work LANR has
been performed with the COg laser (1 = 10,640
nm) (3, 4, 10, 12-16, 19, 26). However, also the
Nd:YAG laser at wavelengths of 1,064 and 1,320
nm has been successfully used for microsurgical
repair of arteries (5), veins (6), vas deference (1),
and nerves (25). Which of these lasers and tech-
niques is the best for microneural repair still re-
mains to be proved, as comparative data are lack-
ing. Because of the great variability of the laser
parameters and techniques reported in the litera-
ture, the choice of an efficient set of laser parame-
ters to perform nerve repair is difficult.

The aim of this study was to define more
closely the optimal conditions (laser wavelength
and technique) for laser nerve repair in terms of
bonding strength and thermal damage before pro-
gressing to survival experiments. Two different
lasers were employed (CO2 and Nd:YAG laser),
both with and without addition of a chromophore
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and/or solder (albumin) to serve as an adjunct to
the welding process.

MATERIALS AND METHODS

Male Wistar rats (weighing 250-300 g) were
used for this study. The rats were housed maxi-
mal six to a cage and were kept during the ex-
periments under conventional laboratory condi-
tions. Before surgery, general anesthesia was ac-
complished by intraperitoneal injection of
ketamine-xylazine mixture (4:3), at a dosage of
0.15 ml/100 g. In each rat, the right sciatic nerve
was exposed through a dorsolateral incision (18)
and by stomp cleaving the overlying hamstring
muscles. Under the operating microscope (25x
magnification), the nerves were dissected free of
the connective tissue and isolated from the sur-
rounding tissue by a plastic sheet.

Bonding Strength Study

For determination of the bonding strength fol-
lowing laser welding, the nerves were divided by
sharp microscissors and both nerve ends were
trimmed. In the laser alone group (group I, n =
12), the nerve ends were closely approximated,
and the epineurium of one of the nerve sections
was pulled over the nerve end of the other nerve
section and welded around its circumference with
repeated single spots of laser energy (Fig. 1a). In
this group, the nerves were repaired either with
the CO2 laser (n = 6) (Cooper LS 860, Cooper
LaserSonics Inc., Santa Clara, CA, A = 10,640
nm), or the Nd:YAG laser (n = 6) (SLT, Model CL
60, Malvern, PA, A = 1,064 nm). The end point of
the welding procedure was defined as the visible
fusion of the both epineuria of the nerves, which
was accompanied by a slight white, brown-yellow
discoloration of the welded tissue.

In the laser and chromophore
group (group II, n = 6), the nerve
ends were closely approximated,

laser fiber
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microforceps laser beam

A e

./ .
external epineurium

_— —=
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256G ——-

L laser beam

7
topically applied solder

Fig. 1. The procedure of laser assisted nerve repair; the
epineurium of one of the nerve section is pulled over the nerve
end of the other nerve section and welded with 3 to 5 laser
pulses followed by welding of the entire circumference with 10
to 15 laser pulses (1a). Laser assisted nerve repair in
combination with chromophore and/or solder; 1a fol-
lowed by applying the chromophore and/or solder on the re-
pair site and welding of the chromophore and/or solder and
the epineurium with 10 to 15 laser pulses (1b).

As a control group (group IV, n = 6), the
nerves were repaired by conventional microsurgi-
cal suture repair (CSMR) with four
peri/epineurial 10-0 nylon sutures (10-0 Der-
malon black monofilament, Davis-Geck, UK).
Summary of the experimental groups is given in
Table 1.

Table 1. Summary of the experimental set-up

and blood was applied in a thin coat

Repair technique

to the repair site before laser wel-
ding. The nerve was then welded
around its circumference with re- 11
peated single spots of Nd:YAG laser
energy (Fig. 1b). The blood as

I

v

COq laser

Nd:YAG laser

Nd:YAG laser + blood

COz laser + albumin

Nd:YAG laser + blood + albumin'
CMSR’, 4 peri/epineurial nylon sutures

a chromophore was used to enhance
laser absorption within the fissue.
As the COz2 laser does not require
a chromophore for laser absorption,
we excluded the COz2 laser from this
group of laser repair.

The third group of laser repair

! albumin powder dissolved in saline
2 CMSR - conventional microsurgical suture repair

Table 2. The laser settings and the macroscopic changes of nerve repair using

different lasers and techniques

was performed in the same fash-
ion as group II, except that albu-

Laser and technique

Time per | Macroscopic changes

pulse (s)

Power
(W)

min powder diluted in saline was
added to the chromophore (group
III, n = 12). For the CO2 laser (n =
6), only albumin solution was
added to the repair site.

COz laser

Nd:YAG laser

COq laser + albumin

Nd:YAG laser + blood 1
Nd:YAG laser + blood + albumin 1

0.10 shrinkage/whitening
0.10 brown discoloration
12 shrinkage/whitening
browning/charring

browning
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In all groups, each repair site was observed
meticulously with a 40 fold magnification after
the welding procedure, and the visible effects of
laser radiation on the epineurium were classified.
The laser parameters for each laser and tech-
nique are shown in Table 2. These laser settings
have shown in pilot studies to produce the strong-
est welds (21). The COg laser was used in con-
junction with an operating microscope (OpMi-1,
Zeiss Inc., West Germany) and a joystick micro-
manipulator, with a 320 um spot size. For the
Nd:YAG laser, the laser energy was applied using
a 600 um optical fiber with a bare tip, held at
a fixed distance from the tissue (2 mm). All lasers
were operated in a continuous wave mode (CW)
and the pulse duration was either controlled by
an internal or an external electrical shutter (T
132, Optilas Inc., The Netherlands).

70N\

.
/l
:jﬂ bonded
/. nerve
i,

EEIH
[ ]

Fig. 2. Schematic view of the weighing system. In each
measurement, the container was filled with water until the
weight caused dehiscence of the union.

The relative bonding strength of the nerves
was measured directly after the repair using
a gradual weighing system. The distal end of the
nerve was fixed with a clamp, while the proximal
and was attached to a plastic container through
a fixed pulley mechanism (Fig. 2). If the container
was empty, the system was in equilibrium. The
container was filled with water until the weight
caused dehiscence of the nerve ends. The rate of
water flow into the container was constant for all
experiments (16.4 ml/min) using a small needle
(25 G). The bonding strength was defined as the
weight of water (in g) that caused dehiscence of
the nerve ends. The bonding strength was meas-
ured by measuring the weight of the container,
partially filled with water, with a balance (AdJ 50,
Mettler Inc., The Netherlands), and by subtract-
ing the weight of the empty container. The data
were statistically analyzed using a non-paramet-
ric Mann-Whitney U test since the samples were

not established as coming from a normal distribu-
tion.

Thermal Damage Study

To study the thermal damage to the nerve
following irradiation with the different lasers and
chromophores/solders, circumferential irradiation
of the nerve was performed with the same man-
ner and laser settings as in the group I, II, and
ITI, except that the nerves were not transsected.
This was done because transsection itself causes
degeneration of the nerve which jeopardize the
assesment of the nerve damage resulting from la-
ser irradiation. After irradiation, the wound bed
was rinsed with saline, the fascia of the ham-
string muscles were closed with 6-0 nylon su-
tures, and the skin was closed with Dexon 4-0
absorbable sutures. For each laser and technique,
six irradiation were performed. All surgical pro-
cedures were carried out by the same person.

The motor function of the nerves in the post-
operative period was examined daily using
a modified version of the ,toe-spreading test" (9,
29). In short, the toe-spreading, defined as the
distance from the first to the fifth digit, from both
hind legs was measured from walking tracts. The
relative toe-spreading of the right foot was calcu-
lated with the untreated left foot as a control.
A 100% motor function loss will result in a rela-
tive toe-spreading of 30 %, while no motor func-
tion loss will result in a relative toe-spreading of
100 %. For each measurement, at least 4 foot
steps were recorded.

The rats were killed one day (n = 3) and 7
days (n = 3) after surgery by an overdose Nembu-
tal intraperitoneally and the nerves were care-
fully dissected. Half of the nerves were fixed in
10% buffered formaline, embedded in paraffin,
sectioned (4 um) and stained with Masson
trichrome, Bodian, and hematoxylin and eosin for
neuropathological examination. The other half of
the nerves was fixed in Karnovsky fixative, post-
fixed in osmium tetroxide 1% (OsO4), stained
with uranyl acetate, dehydrated in acidified 2,2-
dimethoxypropane (DMP), and embedded in
Epon. After hardening, thin sections were cut
(1.25 um), and stained with toluidine blue and
basic fuschine.

RESULTS

Bonding Strength Study

In all nerves, there was evidence of adequate
tissue bonding. Figure 3 gives an overview of the
bonding strength of the different methods of
nerve repair. The weakest laser welds were per-
formed with the COz2 laser (bonding strength 2.12
+ 1.23 g). The bonding strength of the Nd:YAG
laser alone (3.9 + 2.2 g) and with addition of blood
(5.3 = 2.1 g) was slightly higher, however, statis-
tically not different from the bonding strength of
the COg laser alone (p > 0.01). The bonding
strength of CO2 laser repair in combination with
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Fig. 3. Average bonding strength ( s.d.) of nerve re-
pairs achieved by different methods. CO2 + alb =
CO2 laser with albumin: Nd” + bl = Nd:YAG laser
with blood; Nd” + bl + alb = Nd:YAG laser with
blood and albumin; CMSR = conventional microsur-
gical suture repair.

albumin (37.33 + 6.06 g) was higher than those of
any other laser techniques and did not differ sta-
tistically from CMSR (47.6 + 5.1 g) (p > 0.01). The
Nd:YAG laser in combination with blood and al-
bumin (16.3 + 4.8 g) produced significant stronger
welds than Nd:YAG laser alone or with addition
of blood (5.3 = 2.1 g) (p > 0.01).

Observation of the nerve during COg2 and
Nd:YAG laser irradiation showed whitening and
in some case slight brown discoloration and some
degree of shrinkage of the irradiated area. In the
COg2 laser and solder group, the solder showed
drying, slight brown discoloration, and adherence
to the nerve without excessive macroscopic
changes of the nerve itself. The Nd:YAG laser re-
paired nerves using blood as chromophore demon-
strated browning and charring (carbonization) of
the irradiated area.

Table 2 gives an overview of the macroscopic
changes at the surface after laser irradiation.

Thermal Damage Study

All rats did well postoperatively and had no
signs of infection or neurological complications
except for variable dysfunction of the right sciatic
nerve as described bellow.

Toe-spreading test showed no changes in
nerve function irradiated with the COg2 laser
alone. In the COg laser and solder group, there
was a moderate decrease in nerve function, but
this decrease in function was transient and disap-
peared by day six after irradiation. In the
Nd:YAG laser groups, there was a significant loss
of nerve function for all Nd:YAG laser groups up
to 90 %. Figure 4 shows the relative toe-spread-
ing for all laser groups vs. time after laser irra-
diation.

Histologically, several pathological reactions
ranging from minimal changes to total destruc-
tion of the nerve were observed, strongly related

Fig. 4. Toe-spreading of the hind paws of rats after irradiation with the
CO2 and the Nd:YAG laser vs. day(s) after laser irradiation. Each point
represent the mean + standard error. COg + alb = CO3 laser with albu-
min, Nd” + bl = Nd:YAG laser with blood, Nd" + bl + alb = Nd:YAG la-
ser with blood and albumin.

to the type of the laser and the repair technique.
Using the COz2 laser alone, the thermal damage
to the nerve was solely confined to the subper-
ineurial axons. The pathological changes con-
sisted of two relatively thin layers. In the outer
zone (ca 75 pm), located directly subperineurially,
the nerve tissue was oedematous and the nerve
fibres had darkly stained cytoplasm. The second
zone (ca 50 um), located more towards the centre,
was also oedematous but the myelin sheaths were
thin and separate layers on myelin sheaths were
intruding in the axoplasm. Also, enlarged and
empty endoneurial tubules were seen. Both the
inner and outer zone was undergoing Wallerian
degeneration. Very few inflammatory changes
were noted. The vessels in the epineurium and
vessels located in the injured area were throm-
bosed and the perivascular space was enlarged.
No haemorrhagic lesions could be observed. The
epineurium was oedematous and the fibroblasts
showed dark picnotic nuclei. The morphological
integrity of the epi- and perineurium was not af-
fected. The extent of the total thermal damage
was approximately 125 um. The central part of
the nerve was undamaged. Around the patent
blood vessels in the injured area, a few myeli-
nated axons appeared to be intact.

In the CO2 soldered nerves, the solder was
identified as a homogenous material surrounded
and infiltrated by inflammatory cells with a large
amount of polymorphonuclear leukocytes. The in-
traneural changes were similar to the non-sol-
dered nerves, although the extent of thermal
damage was slightly more. At day one, morpho-
logical changes proximal or distal from the irradi-
ated area were not seen.

The most severe reaction, occurring with the
use of the Nd:YAG laser, consisted of total de-
struction of the epi- and perineurium and the
subperineurial axons. In this area, the tissue
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structure was hardly recognisable. More towards
the centre of the nerve, massive Wallerian degen-
eration with endoneurial oedema was observed.
In this region, the blood vessels were thrombosed
and the injured axons were retracted away from
their myelin sheaths and Schwann cells. Several
inflammatory cells were observed.

At week one, some minor adhesions were
found in COg irradiated nerves while moderate
adhesions of the nerve to the tissue were ob-
served in the CO2 soldered nerves. Degeneration
of axons and myelin sheaths (Wallerian degen-
eration), both at the site of irradiation and in the
distal nerve segment was noted only in the sub-
perineurial area with a depth of approximately
100 pm. Within this area, cellular reaction con-
sisting of presence of macrophages, lymphocytes,
and proliferating Schwann cells was noted. Rem-
nants of myelin were found in Schwann cells and
macrophages. The epineurium and perineurium
was thickened (due to oedema and collagen pro-
duction), and the epineurium was characterised
by a generalised cell infiltrate and dilated vessels.
However, the morphological integrity of the epi-
and perineurium was not affected. The blood ves-
sels within the nerve appeared normal. In the
epineurium, an increase in normal collagen with
active young fibroblasts was noted. In the COg
soldered nerves, the degenerative changes within
the nerve were the same. A lot of inflammatory
cells and macrophages could be seen within the
epineurium surrounding small remnants of the

solder. The extent of the termal damage was com-
parable to non-soldered nerves.

The Nd:YAG laser irradiated nerves showed
massal Wallerian degeneration with numerous

inflammatory cells and macrophages. These
changes were also noted distally to the irradiated
area.

DISCUSSION

Laser-assisted nerve repair has certain (theo-
retical) advantages over sutured repairs, such as
less traumatic nerve handling, avoidance of a for-
eign body reaction, a watertight seal of the
epineurium, and a reduced operation time. The
application of laser energy to repair nerves is an
intriguing one, but as yet, unproved modality.
Various experimental studies have revealed
promising results (2, 3, 7, 11, 12, 15, 16, 26), but
widespread use has of tissue welding been hin-
dered by technical obstacles and inability to
achieve consistent results. Whereas most studies
on tissue welding have been devoted to arteries,
little work has been done to investigate laser-as-
sisted repair of nerves. Fundamental studies are
sparse, comparative studies between different la-
sers and techniques are lacking, and information
is missing about the thermal damage following
laser irradiation on peripheral nerve tissue. In
a previous study, we have determined the optimal
laser parameters and techniques for CO2 laser-

assisted nerve repair in an in vitro study (21).
Before undertaking an irn vivo repair experi-
ments, it is essential to gain more knowledge on
the tensile strength of laser bonded nerves and
the subsequent thermal damage. In this study,
we have selected the most common laser used in
the clinical setting, i.e. the CO2 and the Nd:YAG
laser, as both have been proposed and success-
fully used for microsurgical repair of various tis-
sues.

There are only few studies reporting on the
acute bonding strength of CO2 laser welded
nerves, while on the Nd:YAG laser there are no
data available. Maragh et al. (17) reported that
CO2 LANR had a strength of 43.1 g at day 4 post-
operatively. At day 8, LANR had a strength com-
parable to the epineurial suture control group
(166.7 g). Thumfart (28) studied the bonding
strength of CO2 LANR, LANR + fibrin glue, and
suture repairs in vitro. No bonding could be
achieved in the LANR group, and LANR + fibrin
glue provided weaker bonding strengths than fi-
brin glue repair alone. Menovsky et al. (21) re-
ported a maximal strength of 2.4 g in vitro under
optimal COz2 laser settings.

In this study, the bonding strength of COg
laser repairs was lowest of any other laser repair.
However, comparison with the Nd:YAG laser re-
pairs, both without and with blood as chromo-
phore showed no statistical difference. The
strongest laser welds were performed with the
CO2 laser in combination with albumin as a sol-
der, which is comparable with CMSR. The
Nd:YAG laser repairs with the use of blood and
albumin were stronger than with blood alone, but
still lower than the COg laser in combination
with albumin. Although the power used for the
Nd:YAG laser was quit high (12 W), we were not
successfull in achieving repairs with lower pow-
ers. Using blood as a chromophore, the power re-
quired for tissue fusion could be minimized to 1
W. However, even these low powers resulted in
a significant damage to the nerve.

In the second part of the study, thermal dam-
age and nerve function of peripheral nerves irra-
diated with a COg2 and Nd:YAG laser were inves-
tigated. A survival time of 1 and 7 days was cho-
sen because the thermal damage to biological tis-
sue is assumed to be complete (27). Since the sec-
ond part of this study focused on thermal damage
and function, the nerves were not transected
prior to laser irradiation (transection normally
would be performed prior to nerve repair). Reac-
tions resulting from the traumatic division only
would have hampered the assessment of the tis-
sue reaction caused by laser irradiation.

Due to the shallow tissue penetration at
10,600 nm, it is expected that the CO2 laser en-
ergy is mostly absorbed at the tissue surface, and
in combination with short pulse durations, would
result in minimal damage within the substance of
the nerve. Richmond reports no histological, be-
havioral or neurologic deficits following CO2 laser
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irradiation of intract rat sciatic nerves at a power
of 70-80 mW and pulse durations of several mi-
croseconds (24). Myers et al. (22) did find thermal
damage in rat sciatic nerve irradiated with a COg2
laser at relatively high power for tissue welding
of 5 W during 0.25 s and 0.5 s, using a relatively
large sport size of 2 mm. Wallerian degeneration
and perivascular and subperineurial oedema
marked the nerve injury two days after irradia-
tion. In this study, the pathological changes of the
nerve tissue consisted of a small zone of
subepineurial Wallerian degeneration with
edema, swelling of vascular structures, damaged
endothelial cells and vascular occlusion, while the
central part of the nerve remained undamaged.
Motor function as assessed by toespreading test
showed no deficit. When using the COz2 laser in
combination with a solder, the thermal damage
and loss of motor function was sligthly more. The
difference between the tissue damage and func-
tion loss between the both CO2 laser groups can
be explained by the fact that the soldered nerves
required a greater amount of laser pulses to co-
agulate the soldernerve complex than welding
with CO2 alone, resulting in heat accumulation.
All nerves irradiated with the Nd:YAG laser
showed massive destruction of both neural and
connective tissue. This can be explained by the
fact that the Nd:YAG laser emits most of its en-
ergy in the near-infrared portion of the spectrum
at 1,064 nm. The Nd:YAG wavelength is poorly
absorbed by water and absorption in blood is
moderate. However, there is virtually no en-
hanced absorption for any of the tissue chromo-
phores. Thus, in most of the tissues the Nd:YAG
laser has a penetration depth of approximately 3-
9 mm. As a consequence, in the case of the rat
sciatic nerve, the whole circumference of the
nerve is ,coagulated" by the Nd:YAG laser. This
correlates well with the observed loss of motor
function. The large standard deviations for al-
most all groups of laser repair can be explained
by the fact that relatively small amount of ani-
mals were used per group.

In conclusion, this study has compared two
surgical lasers and techniques to perform micro-
surgical repair of transected sciatic nerves in
a rat model. With respect to the acute tensile
strength and thermal damage, the COg2 laser in
combination with albumin produces the strongest
repairs (comparable to to sutured nerve repairs)
with the least thermal damage. These results en-
courage further in vivo research using the COg2
laser and albumin solder. Based on the results
presented, the Nd:YAG laser can be abandoned
from the list of surgical lasers suited for periph-
eral nerve repair.
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CLEFT PALATE REPAIR BY FURLOW DOUBLE-REVERSING
Z-PLASTY:
FIRST SPEECH RESULTS AT THE AGE OF 6 YEARS

Vokurkova J. 7, Mrézek T. ’, Vyska T. 7, Peslova M. 2, Vesely J.7

! Department of Plastic and Aesthetic Surgery, St. Ann Hospital, School of Medicine,
5 Masaryk University, Brno, Czech Republic
Department of Phoniatrics, St. Ann Hospital, Brno, Czech Republic

SUMMARY

The authors evaluated the first 15 six-year-old children operated on for cleft palate using double-reversing Z-
plasty. Examination by a surgeon did not reveal a higher morbidity as a results of the new surgical method. Ex-
amination by a phoniatrist provided evidence of marked improvement of speech functions as compared with the
previous von Langenbeck method. The results are preliminary, based on a small group of patients.

ZUSAMMENFASSUNG

Die Operation der Gaumenspalte mithilfe der reversen Doppel-Zetplastik:
Die erste Auswertung der Sprechergebnissen im Alter von 6 Jahren

Vokurkova J., Mrazek T., Vyska T., PeSlovd M., Vesely J.

Es wurde ausgewertet die Gruppe der ersten 15 sechsjdhrigen Kinder, die sich der Operation der Gaumenspalte
mithilfe der reversen Doppel-Zetplastik unterzogen. Die Untersuchung durch den Chirurgen erwies keine erhdhte
Morbiditat, die durch die Einfuhrung der neuen Operationsmethode verursacht werden kénnte. Die Untersuchung
durch den Phoniater erwies eine bedeutende Verbesserung der Sprechfunktionen im Vergleich zu der vorherigen
Methode nach von Langenback. Die Ergebnisse sind vorlaufig und durchgefuhrt an einer kleinen Gruppe von Pa-

tienten.

Key words: cleft palate, Furlow palatoplasty, surgery, speech assessment

Since the first presentation of a new method
of soft palate surgery by Dr. Leonard Furlow at
the meeting of the Southeastern Society of Plastic
Surgery in Boca Raton, Florida, in spring 1978
(Randall, 1986), many short-term and long-term
results have been published (Furlow, 1986;
LaRossa, 1990; Vistnes, 1990; Horsewell, 1993;
Kuo-Ting Chen, 1993; Senders, 1995; Lin, 1999).
Furlow’s elegant solution of the problem of mus-
cle disorientation (La Rossa, 1990) has been fully
accepted by many cleft surgeons, however, by oth-
ers it is still refuted even today.

At the Clinic of Plastic and Aesthetic Surgery
in Brno, treatment of patients with clefts has
a 50-year tradition. In the eighties the most fre-
quently used method for suture of the palate was
a modification of von Langenbeck’s method with-
out directed reorientation of the muscles of the
soft palate. In 1985 (Barinka, 1990) the timing of
the operations changed from the age of 3 years to
the age of 12-18 months. The method was pre-
served. In the nineties suture of the palate was

performed at the age of 9-12 months, if the child
was in good health. However, the surgical proce-
dures changed. In 1992 von Langenbeck’s method
was modified by intravelar veloplasty (Kriens,
1969) and eventually replaced by the method of
two-flap palatoplasty with intravelar veloplasty
(Bardach, 1990), still currently used. In 1993 the
authors started to operate using the method of
double-reversing Z-plasty in patients with a nar-
row palatine cleft. Furlow’s palatoplasty was, in
subsequent years, also used in wider clefts, and
during the last four years approximately half the
patients with clefts were operated on by double-
reversing Z-plasty and half by two-flap palato-
plasty. Since 1992 there has been a team of three
surgeons highly competent in the problem of
clefts.

Every year some 55-62 children with a pri-
mary cleft palate undergo surgery, operated incl.
two thirds with an isolated cleft palate and one
third with a complete cleft. Five to the children
are operated due to a submucous cleft and in
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some 15 patients operated on by earlier tech-
niques, reoperation of the palate by Furlow’s
method is performed.

Surgical treatment is followed by monitoring
and treatment by a phoniatrist and orthodontist.
The speech pathologist has long-term training in
the problems of clefts and exemins speech devel-
opment every 6 months. When the child has
reached an age between two and three, the
speech pathologist recommends logopedic therapy
at the child’s home.

PATIENTS AND METHODS

Selection of Patients

Retrospectively, seventeen 6-year-old children
who underwent surgery for non-syndromic cleft
palate, or a cleft palate in combination with
a cleft lip (unilateral) were examined. The surgi-
cal method for closure of the palate was Furlow’s
double-reversing Z-plasty. The operations were
performed by three equally trained surgeons at
the Clinic of Plastic and Aesthetic Surgery in
Brno in 1993 and 1994.

Two children were eliminated from the group
because of low intellect; the remaining 15 chil-
dren were in good health. All children were fol-
lowed up once or twice a year by the operating
surgeon, a phoniatrist and an orthodontist.

Demography of the Patients

Ten girls (67 %) and 5 boys (23 %), mean age
12.3 months (9-14 months) were operated on. Two
patients had a complete unilateral cleft (suture of
the lip at the age of 3 months) and 13 patients
had an isolated cleft palate, incl. 7 who had an
isolated cleft of the soft palate. All patients had
a narrow cleft (under 1 cm).

Surgical Technique

The method described by Furlow (1986) was
used in Randall’s (1990) partial modification,
which included designing the flap with a wider
angle to the cleft margin and using relaxing inci-
sions but without fracturing the hook of the ha-
mulus bone (Figs 1, 2). All three surgeons are
right-handed, so the posteriorly based oral mu-
comuscular flap was placed on the patient’s left
side.

Follow-up

1. The surgeon followed the healing of the palate
and possible complications, maturing of the
scar, long-term complications - fistulas, velo-
pharyngeal insufficiency (VPI) and speech de-
velopment.

. The phoniatrist performed examinations of

speech and hearing in all children:
(a) speech according to Brohm: 4 - vowel
speech,
3 - some consonants are correctly pronounced,
2 - incorrect pronounciation of hissing sounds
and R, R persists,

Fig. 1. Cleft of the soft palate before operation according to
Furlow at 13 months of age.

Fig. 2. Velum of the 6-year-old patient after operation accord-
ing to Furlow.

1b - fair speech; correct pronounciation of 1 or
2 consonants lacking or not fixed,

la - quite correct speech;

(b) Gutzmann's test A-I to assess hyperrhino-
phonia.

3. Comparison of this group of children with two
groups of 6-year-olds examined by the same
phoniatrist and operated on at the Clinic of
Plastic Surgery in Brno by the von Langen-
beck method at the age of 1 or 3 years
(Kuthanové, 1994).
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RESULTS

1. In the group of 15 patients one postopera-
tive complication developed - prolonged haemor-
rhage treated by medication without surgical in-
tervention. None of the patients had a pre- or
postoperative blood transfusion. In three patients
the oral mucosal flap desquamated with satisfac-
tory healing of the nasal mucosa; healing was
protracted by a week due to spontaneous epitheli-
zation. None of the patients developed a fistula.

In five patients healing occurred by a hyper-
trophic scar (two patients with prolonged oral
healing), which receded after massage of the pal-
ate.

The follow-up of speech development was con-
sistent with the examination by a phoniatrist.
VPI of a mild degree was observed at the age of 4
years in four patients (26.6 %); at the age of 6
years it persisted in one patient (6.6 %).

2. The examination by a phoniatrist using
Brohm’s test with marks la-4 is illustrated in
Fig. 3. None of the children had a mark of 3 or 4
at the age of 6 years, i.e. vowel speech or poor
pronounciation of some consonants. Speech with
poor pronounciation of hissing sounds and R, R
(difficult in Czech) was observed in 20 % of the
children, correct pronounciation except for one or
two consonants (evaluated as mark 1b) was found
in 53 %, and 27 % children had faultless speech
(mark 1a).

3
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N\

Fig. 4. Speech results according Brohm of 6-year-old patients
in percentage: palatoplasty at 1 year of age, von Langenbeck’s
method.

1a

\3
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Fig. 5. Speech results according Brohm of 6-year-old patients
in percentage: palatoplasty at 3 years of age, von Langen-
beck’s method.

Table 1. Comparison of speech results according Brohm
of 6-year-old patients

Furlow
at 1 year (%)

von von
Langenbeck Langenbeck
at 3 years (%) | at 1 year (%)

6,6 0 0

25 6 0

48,7 20

13,1 53

6,6 27

Fig. 3. Speech results according Brohm of 6-year-old patients
in percentage: palatoplasty at 1 year of age, Furlow’s method.

Hyperrhinophonia examined by Gutzmann’s
test A-I was seen in one boy (6.6 %), consistent
with the surgeon’s examination.

3. For comparison of speech the work of
Kuthanova (1994) was used, in which the same
phoniatrist and the same tests were used to ex-
amine six-year-old children, operated on at the
age of 3 or 1 year by von Langenbeck’s method
without directed reorientation of the soft palate
muscles. Children operated on at the age of one
year (Fig. 4) have markedly better speech than
those operated on at the age of 3 years (Fig. 5).
A marked improvement after reconstruction of
the palate by double reversing Z-plasty is appa-
rent from the comparative table (Tab. 1).

DISCUSSION

Examination of the first children following
cleft palate repair using Furlow’s technique re-
vealed very good results as regards speech. We
are, however, aware of the great subjectivity of
these results. A small group of patients was
examined, children with a narrow cleft and pa-
tients with an isolated cleft of the soft palate, in
whom better functional results can be expected in
general. A relatively subjective examination
method was used, though by a single skilled doc-
tor under standard conditions.

As we currently use Furlow’s method in about
half of the patients with all types of clefts, and in
the other half we use intravelar veloplasty,
a comparative study of these two surgical ap-
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proaches is underway in our department. Here
we are presenting our first report with the en-
couraging results of our study. In the group of the
by-now four-year-old patients, the majority com-
pleted logopedic care and have faultless speech.
Some children are only followed-up by a phonia-
trist and because of quite adequate speech devel-
opment and proper velopharyngeal closure need
not visit a speech therapist.

By the introduction of new techniques in cleft
palate surgery, speech development improved
markedly as compared with previous methods.
The results are so far preliminary and results
from larger groups of patients are needed.
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ANALYSIS OF INTRACRANIAL RELATIONS IN PATIENTS
WITH UNILATERAL CLEFT LIP AND PALATE USING
CLUSTER AND FACTOR ANALYSIS

Veleminska J.

Department of Anthropology and Human Genetics, Charles University,
Faculty of Natural Sciences, Prague, Czech Republic

SUMMARY

The present investigation was based on the cephalometric analysis of lateral teleroentgenographic pictures of 48
ten-year-old boys with complete unilateral clefts of the lip and palate. Using cluster and factor analysis, the author
investigated the relationships among 75 craniofacial size, shape and position characteristics. Both multivariation
methods proved useful in the search for associations between partial cranial structures. They supplemented each
other well, and their combined use contributed to the definition of the following basic and specific principles of
craniofacial relations and compensatory and adaptive mechanisms in patients with clefts. The maxilla consists of
two mutually almost independent parts. The vertical parameters of the anterior upper face are interrelated with the
slope of the palate plane; the dentoalveolar component of the upper jaw is formed independently. This fact can be
aptly explained by the effect of orthodontic treatment, which contributes substantially to an improvement of the
facial configuration. Rotation of the mandible has an impact on the vertical dimensions of the anterior lower, as
well as the whole, face and is closely associated with the position of the mandibular body but not with the posi-
tion of its branch nor with its length. The slope of the mandibular branch correlates with the mental angle, with the
gonial angle and the slope of its dentoalveolar component, which is the result of adaptation to a shortening of the
maxilla while preserving a positive overjet. Damage to the sagittal intermaxillary and interalveolar relations is pri-
marily due to a reduction in the depth of the maxilla and is associated with the length of the mandibular body,
while no relation with its rotation or length of the ramus was found. Solution of the given problem may help to find
predictive models of facial development in patients with clefts.

ZUSAMMENFASSUNG

Die Analyse der intrakranialen Beziehungen bei Patienten mit der einseitigen
Gaumen- und Lippenspalte mithilfe der Klastro- und Faktoranalyse

Veleminska J.

Die Studie geht aus von der Beobachtung der lateralen Telerongenaufnahmen von 48 zehnjahrigen Jungen mit
der kompleten einseitigen Gaumen- und Lippenspalte. Anhand der Klastor- und Faktoranalyse verfolgte man die
Beziehung der 75 kraniofazialen Charakteristiken der GréBe, der Form und der Position. Beide diese multivaria-
tionsfahigen Methoden haben sich bei der Suche nach den Zusammenhangen zwischen den Teilstrukturen des
Kraniums bestétigt. Sie haben sich gegenseitig gut erganzt und ihre kombinierte Anwendung trug zur Definierung
der folgenden grundlegenden und spezifischen Prinzipien der kraniofazialen Beziehungen und der kompensa-
tions-adaptierenden Mechanismen bei den Patienten mit der Spalte bei.

Der Oberkiefer besteht aus zwei an sich unabhéngigen Teilen. Die vertikalen Parameter des vordrigen Ober-
gesichtes hdngen mit dem Hang der Gaumenebene zusammen; der dentoalveolare Teil des Oberkiefers formt sich
unabhangig. Dieser Fakt kann man teilweise durch die Auswirkung der orthodontischen Behandlung erkléren, die
auf bedeutende Weise zur Verbesserung der Gesichtskonfiguration beitragt. Die Rotation des Unterkiefers beein-
fluBt das MaB des vordrigen Untergesichtes und auch des ganzen Gesichtes. Sie ist eng verbunden mit der Kor-
perposition des Mandibula, jedoch nicht mit der Position seines Zweiges oder seiner Lange. Der Zweighang des
Mandibula koreliert mit dem Kinnwinkel, mit dem Goniowinkel und mit dem Hang seines dentoalveolaren
Bestandteiles. Dies ist die Folge der Adaptation der Maxillaverkirzung bei der Behaltung des positiven Zusam-
menbiBes. Die Beschadigung der sagitalen zwischenkieferlichen und interalveolaren Beziehungen wird primar
durch die Tiefereduktion des Oberkiefers verursacht und héngt mit der Korperlange des Unterkiefers zusammen.
Wobei die Beziehung zur Rotation des Mandibula oder zur Lange seines Zweiges wurde nicht beobachtet.

Die Lésung der angegebenen Problematik kann bei der Suche nach den prediktiven Modellen der Gesicht-
sentwicklung bei Patienten mit der Spalte helfen.

Key words: cleft lip and palate, intracranial relations, cluster and factor analysis, X-ray cephalometry

The Skull is not an unchanging structure and shape and position of different parts of the skull
has its own internal dynamic pattern. The size, influence each other to a certain extent. A devia-
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tion of one component can cause a series of
changes in neighbouring, but also in more remote
structures that makes adaptation to the primary
abnormality possible. These mutual relations are
determined by certain general processes condi-
tioned by the growth rate, proportionality and
compensatory and adaptlve mechanisms in the
skull (Smahel and Skvatilova, 1988).

An understanding of the mutual craniofacial
relations and their mechanisms is of major im-
portance in the field of evolutionary biology,
medicine and other scientific disciplines. The lit-
erature concerned with the definition and de-
scription of mechanisms which regulate the rela-
tions between different cranial characteristics is
not very extensive. One of the most extensive
studies which deals with this craniofacial prob-
lem was elaborated by Solow (1966). The author
did not only use correlations between different
cranial characteristics, which were also followed
up in the work of Smahel and Skvatilova (1988
and 1997). Solow selected factor analysis as an
investigative, data reducing method, similarly as
did Horowitz et al. (1980). To assess the interrela-
tions between the basic cephalometric facial char-
acteristics and the cranial base, the method of
multiple correlation can be used (Smahel et al.,
1977). Bjork (1955) analysed the growth mecha-
nism of the cranial base during adolescence, An-
derson and Popovich (1982) the relationship of
the curvature of this important structure to the
shape of the skull and the position of the mandi-

ble. In subsequent studies, e.g., the ability of the
dentoalveolar component to compensate for dis-
proportions in sagittal intermaxillary relations
was investigated, usually based on simple corre-

lation analysis (Steiner, 1959; Varjanne and
Koski, 1982; Casko and Shepherd, 1984).

Multivariation analyses were first used in
psychology. At present they have a wide spectrum
of application in anthropology, zoology and bot-
any for evaluating differences and growth. Within
the framework of skeletal anthropology these
methods can be used in comparative studies of
craniofacial differences of ancient populations
(Key and Jantz, 1981; De la Rua, 1992), in ortho-
dontic practice to assess the prognosis of maxil-
lary development and for the selection of suitable
treatment (Keeling et al., 1989).

The objective of the present study is to assess
the craniofacial morphology and intracranial rela-
tions in patients with unilateral clefts of the lip and
palate (UCLP), using two different statistical meth-
ods that use in their calculations correlations be-
tween the assessed characteristics: factor and clus-
ter analysis. The present study compares the two
methods and indicates which is more suitable for
resolving the problem under investigation.

MATERIAL AND METHODS

The analysis comprised 48 boys with repaired
complete unilateral cleft lip and palate without

any associated visible malformations. X-ray films
were made at the age of approximately 10 years.
The mean age at the time of examination was 10
years, 1 month.

Fig. 1. Cephalometrics points and reference lines used in this
study: Ar (articulare) - intersection of inferior contour of the
clivus and posterior contour of the ramus; Ba (basion) - most
posteroinferior point on the clivus; Cd (condylion) - most supe-
rior point on the condylar head; Go (gonion) - point on the an-
gle of the mandible determined by the axis of ML/RL angle;
Gn (gnathion) - lowest point of the mandibular symphysis;
Pgn (prognathion) - point on the mandibular symphysis far-
thest from Cd; Pg (pogonion) - most anterior point on the bony
chin; Pg’ (soft pogonion) - most anterior point on the soft tis-
sue chin; Sm (supramentale) - deepest point on the anterior
contour of the mandibular symphysis; Id (infradentale) - point
of the gingival contact with the lower central incisor; Ii (inci-
sion inferius) - incisal tip of the lower central incisor; Is (inci-
sion superius) - incisal tip of the upper central incisor; Mol
(molare) - tip of the posterior cuspid of the lower first molar;
Pr (prosthion) - point of gingival contact with the upper cen-
tral incisor; Ss (subspinale) - deepest point of the subspinal
concavity; Sp (spinale) - tip of the anterior nasal spine; Pmp
(pterygomaxillare palatinum) - point of intersection of the pal-
ate plane and fissure pterygomaxillaris; Ptm (pterygomaxil-
lare) - most inferior point of the fossa pterygopalatina where
fissura pterygomaxillaris begins; S (sella) - centre of sella tur-
cica; N (nasion) - most anterior point on the frontonasal su-
ture; N’ (soft nasion) - intersection between NSL and soft
profile contour; Rhi (rhinion) - most anteroinferior point on
the nasal bone; Ls (labrale superius) - margin of the vermilion
of the upper lip; Sto (stomion) - point of contact of the upper
and lower lip; Li (labrale inferius) - margin of the vermilion of
the lower lip; NSL - line through N and S; VL - perpendicular
to NSL through S; PL - line through Sp and Pmp; OL - line
passing through the midpoint between incisal tips of the up-
per and lower central incisors and posterior cuspid of the first
lower molar; +1 - axis of the upper incisor; -1 - axis of the
lower incisor; CL - line through Pg and Id; ASL - tangent to
the maxillar alveolar process through Pr; ML - tangent to the
mandibular body through Gn; RL - tangent to the mandibular
ramus through Ar; tGo (tangent gonion) - intersection of ML
and RL line.
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Primary cheiloplasty was carried out accord-
ing to Tennison at a mean age of 8 months com-
bined with periosteoplasty. Palatoplasty was per-
formed at the age of approximately 5 years and
involved push-back and pharyngeal flap surgery.
All operations were performed by the same team
of surgeons at the Department of Plastic Surgery
in Prague. Twenty-five patients were treated
with fixed appliances, the remaining patients (23)
had only removable appliances to achieve align-
ment of the teeth and a positive overjet.

The study was based on a cephalometric as-
sessment of lateral X-ray films obtained under
standard conditions during centric occlusion with
the patient head fixed in a cephalostat. The focus-
object distance was 370 cm, the object-film dis-
tance 30 cm, the magnification 8.1 %. Craniomet-
ric points and reference lines in the assessment of
lateral films are presented in figure 1.

The study included an assessment of meas-
urement errors of some of the investigated char-
acteristics. The variance of error, determined on
the basis of two measurements, was less than 2 %
of the total variance for the relevant parameter.
This confirmed the high reliability of the meas-
urements.

All the characteristics selected for our analy-
sis are presented in table 1. The perpendicular
distance of a point from the reference line is de-
scribed as Ar-VL, angles as N-S-Ar or as a frac-
tion of the two reference lines forming the given
angle (ML/RL), and proportional characteristics
as S-Go%N-Gn (S-Go in per cent of N-Gn). The
slope of the axis of the upper incisors to the pal-
ate plane is described as +1/PL, of the lower inci-
sors to the mandibular line as - 1/ML. The overjet
(Is-Ii) was assessed between the edges of the up-
per and lower incisors parallel with the occlusal
plane. Ls+Li shows the extent to which the upper
lip is more prominent at the mentioned points
than the lower lip (measured perpendicular to the
connecting line N’Pg’, i.e. as the difference be-
tween the distances Ls-N'Pg’L and Li-N’Pg’L).

Craniofacial interrelations were studied using
factor and cluster analysis. Factor analysis de-
scribes interrelations between 75 assessed char-
acteristics. The method arranges these charac-
teristics among factors in such a way that they
correlate as much as possible with one factor and
as little as possible with the other factors. Thus,
several (in our model 7) groups of interdependent
characteristics are obtained, and our aim is to
describe these agglomerations and interpret them
reasonably. Cluster analysis divides charac-
teristics into groups based on their mutual dis-
tance, in our case 1 - r. Its aim is to search for
clusters, i.e. groups of objects: similar objects are
in one group, while dissimilar objects are in dif-
ferent groups. An instructive result of the analy-
sis is a tree-shaped dendrogram, which makes
analysis of the interrelations of individual
branches (clusters) at several levels possible.

RESULTS

Factor analysis was calculated by means of
the extended versions of the BMDP programme.
Several analytic models of the main component
were created, differing as to the type of rotation
number of factors and variables. The submitted
model comprising 75 variables was selected de-
spite some shortcomings (singular correlation
matrix, large number of variables in relation to
the number of probands). The reason for this
choice was the broad spectrum of the included
dimensions, which facilitated an understanding
of the assembled results. This model thus ap-
pears the most instructive, and, as compared with
others, we did not observe a significant difference
that could be manifested in a biased interpreta-
tion of the subsequent results.

The results of factor analysis are presented in
table 1. This table gives the factor loadings (cor-
relations of factors with individual variables), the
variance which they explain, and the cumulative
ratio of the total variance, explained by the first
factor, first and second factor, etc. To each listed
factor belongs one faciogram, where if possible all
variables are given with appropriate high factor
loadings. The values of factor loadings greater
than 0.285 are significant at the 5% level of sig-
nificance (*), values greater than 0.368 at the 1%
level of significance (**) and values greater than
0.461 at the 0.1% level of significance (¥**).

Factor 1 is least specific. As it expresses the
interrelationship of size and some positional lin-
ear dimensions, we have called it the factor of
linear characteristics (Fig. 2). The closest asso-
ciations were found between the factor and
heights of the anterior and posterior face S-Go
(0.937), Cd-Go (0.840), N-Gn (0.781) and others;
least dependent is the depth of the maxilla Ss-
Pmp (0.335), the dimension N-Rhi (0.268), i.e., di-
mensions with a closer relationship to other fac-
tors, and some calculated and positional dimen-
sions. The associations between linear charac-
teristics are illustrated by the dendrogram of
cluster analysis (see Fig. 9). There is branch V8,
which unifies the linear dimensions of the poste-
rior face and posterior cranial base, branch V11,
which except for the total anterior facial height,
agglomerates the heights of the upper anterior
face, and the branch of mandibular rotation V9,
which comprises the height dimensions of the an-
terior lower face.

Factor 2 is, beyond doubt, the factor of
sagittal intermaxillary and interalveolar re-
lations (Fig. 3). The highest values of factor load-
ings are attained by dimensions that directly ex-
press these sagittal relationships such as Pr-N-Id
(0.947), Ss-N-Sm (0.911), Pr+Id (0.840), and
Ss+Sm (0.728). The factor also associates the
main causes of damage to sagittal intermaxillary
relations in patients with clefts, i.e., the reduced
depth of the maxilla Ss-Pmp (0.601) and the
mandibular length Pgn-Go (-0.435). As a result of
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Table 1. Factor loadings of the calculated factors with different variables, the ensuing variance and cumulative ratio of factors
in the total variance

factor 1

factor 2

factor 3

factor 4

factor 5

factor 6

factor 7

S-Go
S-tGo
S-Pgn
Cd-Go
Pmp-NSL
N-Gn
N-Pr
N-Ss
S-Ar
Cd-NSL
Mol-ML
S-Ba
N-Sp
Mol-PL
Pr-Id
Pr-N-Id
N-Ss-Pg
Ss-N-Sm
Ls-N'Pg'L
Pr+Id
Sto-N'Pg’LL
Is-NPgL.
Is-Ii
Ss+Sm
S-N-Ss
Ss-Pmp
LasLi
Li-N'PgL
ML/NSL
StGo%NGn
SGo%NGn
PL/ML
N-tGo-Gn
I1d-Gn
Ii-Gn
Sp-Pg
1d-Sm
Sp-Is
Pr-PL
-1/ML
N-S-Ar
Pmp-VL
N-S-Ba
Ar-VL
Ptm-VL
N-S-Cd
N-S-Go
N-S-Pgn
S-N-Pg
S-N-Sm
S-N-Gn
S-N-Sp
S-N-Pr
+1/PL
+1/NSL
ASIL/PL
S-N-1d
Ar-tGo-N
RL/NSL
S-Ar-tGo
ML/RL
CL/ML
Ii-NPgL
-1/NSL
PL/NSL
NSp%NGn
N-Rhi
Is+li
Sp-Pmp
S-N-Rhi
OL/NSL
Pgn-Go
N-S

+1/-1
Pmp-Ba

0.937***
0.931%**
0.859%**
0_84***
0_8***
0.781%**
0.728%**
0.713%**
0.713%+*
0.658%+*
0.649%**
0.617%**
0.612%**
0.561%**
0.525%**
0

OO0 O0OODODODODODOOO

ooo
[
[*:1 371
oW

0
0.559+%*
0.632+**
0.614%**
0
0.507%**
0_4**

0

0

0

0
0.398%*

COO0CO0OO0OOCOODOOOOODOO

0
0.947%**

-0.914%*
0.911%**
0.866*+*
0.84***
0.804***
0.789%**
0.732%%*
0.728*+*
0.611%**
0.601***
0.593%+*
0.568***
0

COO0OO0O0O0COODOC DO ODODDODODO

0

0

0.345*%

0

0
0.553%**
0.484%**
0

0
-0.268

0

0

COODOO0OO0OOOOO

0
0.325*%
0.919%**
-0.889*+*
'0,88**}
0.872%%*
0.846+**
0.658***
0.656***
0_649***
0.598***
0_58#‘*
0.554*+*
-0.529%*

o
'S
or
(=)
%
®

0.93g**
-0.836%**
0.835%**
0.819%*+*
-0.815%**
0.795%**
0.764+**
0.664%**
-0.644***
_0.64***
-0.615%**
-0.582%**
-0.572%**
0
0

0
-0.618%%*

0

0.32*
-0.505%**

0

0

0
-0.301*

0.36*

0

0.365*

0

0
-0.479%+*

0.394**

0

0
0.346*
0

COCOO0OO0DDOODOODOOO

0

0.338*

0
-0.442%*

0

0
-0.481+%*

0.439*

0

0.443%*
0.553%**
0.445%*
0
0.474%**
0.834%**
0.76***
0.757%**
0.64***
0

0

0

0

0

0.505%**

0

0

0

0
-0.449%*

0

0.269

0

0
-0.349*

0
0

OO0 O0ODODOCOODOCODODODOOO0O

,281

OO0 O0ODOO00O0O0000CO0OOOOO

0.388**

0.332**
-0.293*

0
-0.314*

-0.836***
0.82***
0_8***

-0.648%+*
0.584+**
0.564***

-0.532%+*

0
0
0
0
0
0.
0
0
0
0
0

OCOO0O0ODO0DOODOOOOC

cooboocoocobooscoocoocoo

0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
Q
0

0.726%**
0.715%**
0.55%*
0.353*
0.333*
-0.271

variance explained

6,754 3,53

cumulative proportion
of variance

0.807

this the convexity of the face N-Ss-Pg (-0.914) is
reduced, changes of occlusion develop Is-Ii
(0.732), and the position of the incisors in relation
to the NPg line Is-NPgL (0.789), Ii-NPgL (0.400)
changes as well as the position of the lips in rela-

tion to the N’Pg’line of the soft profile Ls-N’Pg’L
(0.866), Li-N’Pg’L. (0.568), Sto-N'Pg’L (0.804). The
factor also integrates, in the wider sense of the
word, characteristics which represent the main
adaptive mechanisms of this damage if a positive
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Fig. 2. Faciogram in lateral projection with variables which
related with factor of linear characteristisc (factor 1).
Measured distances are marked by straight lines.

Fig. 3. Faciogram in lateral projection with variables related
with factor of sagittal maxillomandibular relations (fac-
tor 2). Measured distances are marked by straight lines. Thin
lines are auxiliary.

overjet is preserved. They include retrusion of the
lower incisors -1/NSL (-0.436) and a sharper an-
gle of the chin CL/ML (0.429). The association
with the posterior length of the cranial base S-Ba

(-0.378) is of interest. Almost identical results are
also provided by cluster analysis in the shape of
branch V15, which agglomerates branch V3
(sagittal intermaxillary relations in the soft pro-
file), branch V4 (adaptive mechanisms of damage
to sagittal intermaxillary relations) and branch
V5 (sagittal intermaxillary relations and causes
of their damage).

Factor 3 is the factor of mandibular rota-
tion (Fig 4). The rotation of the mandible is ex-
pressed by the lower portion of the gonial angle
N-tGo-Gn (0.846), and it can also be calculated as
the ratio of the heights of the posterior and ante-
rior face expressed in per cent S-tGo%N-Gn
(- 0.889), S-Go%N-Gn (-0.880). Rotation of the
mandible correlates with the height dimensions
of the anterior face Id-Gn (0.658), Ii-Gn (0.656),
depth of the face S-Pgn (0.345) and also with the
anterior height of the whole face N-Gn (0.553).
Logical deductions can also be made on an asso-
ciation with the protrusion of the chin N-S-Pgn
(0.545), or a possible association with the protru-
sion of the whole mandible, which is defined by
a number of anglular characteristics S-N-Pg (-0.401),
S-N-Sm (-0.342), S-N-Gn (-0.405). Also related
with the rotation of the mandible are the inclina-
tion of the lower incisors in relation to its body
-1/ML (-0.529), the slope of the occlusal plane
OL/NSL (0.456) and the length of the mandibular
body Pgn-Go (0.308). As to factor loadings of the
investigated factor, a relationship of mandibular
rotation with the position of its body can be
proved ML/NSL (0.919), PL/ML (0.872), but not
with the position of its branch RL/NSL or maxil-
lary joint N-S-Cd (factor loadings with zero val-
ues). In the dendrogram the branch V9 corre-
sponds with the mandibular rotation. This clus-
ters, however, paradoxically does not comprise
the calculated percentage ratio of heights of the
posterior and anterior face which directly ex-
presses the mandibular rotation. This is due to
a different sign of the given characteristic, as
compared with the other unified dimensions in
the branch where it logically should belong (in
more detail in the discussion).

Factor 4 is the factor of rotation of the
neurocranium (Fig. 5), which describes the po-
sition of different facial structures in relation to
the NS line, possibly the VL line. The rotation of
the neurocranium ensues from the angle of the
cranial base N-S-Ba (0.835) and is associated
with the position of the majority of craniometric
points expressed in many angular characteristics
N-S-Ar (0.939), N-S-Cd (0.795), N-S-Go (0.764),
N-S-Pgn (0.664), S-N-Pg (-0.644), S-N-Sm (-0.640),
S-N-Gn (-0.615), S-N-Sp (-0.582), S-N-Pr (-0.572),
S-N-Id (-0.618), S-N-Rhi (-0.479). The angles with
top in the point S have positive signs; angles with
top in the point N have negative signs. This fact
expresses the mutual relationship of the two sub-
groups of angles. In a simplified way it can be
interpreted as follows: with increasing values of
one group of angular characteristics, the values of
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Fig. 4. Faciogram in lateral projection with variables related
with factor of rotation of the mandible (factor 3). Meas-
ured distances are marked by straight lines, measured angles
by arches. Thin lines are auxiliary.

Fig. 6. Faciogram in lateral projection with variables related
with factor of the inclination of the upper alveolar
process (factor 5). Measured angles are marked by arches.
Thin lines are auxiliary.

yﬁ\
N
VL

Fig. 5. Faciogram in lateral projection with variables which
related with factor of rotation of the neurocranium (fac-
tor 4). Measured distances are marked by straight lines meas-
ured angles by arches. Thin lines are auxiliary.

the other group diminish, thus the face of sub-
jects with a larger angle of the cranial base deve-
lops posterioration and vice versa. These associa-
tions cannot be detected by means of the applied

Fig. 7. Faciogram in lateral projection with variables related
with factor of the mandibular shape (factor 6). Measured
distances are marked by straight lines, measured angles by
arches. Thin lines are auxiliary.

dendrogram as the two above-mentioned depen-
dent groups of angular positional characteristics
are visualized as two independent branches of the
dendrogram (V1 and V10).
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Fig. 8. Faciogram in lateral projection with variables related
with factor of heights of the upper anterior face (factor
7). Measured distances are marked by straight lines.

Factor 5 can be defined as the inclination
factor of the alveolar process (Fig. 6).This
term comprises not only the slope of the alveolar
process proper ASL/PL (0.757) but also the slope
of the upper incisors in relation to the anterior
cranial base +1/NSL (0.760) or the palate plane
+1/PL (0.834). These structures can compensate
to a certain extent for impaired sagittal maxillary
relations in the area of the maxilla (Pr+Id -0.289,
Ss+Sm -0.442, Ls+Li -0.481 and others). They can
be readily influenced by orthodontic treatment,
the main objective of which is, in addition to
aligning the teeth in the alveolar arch, to elimi-
nate or at least mitigate the maxillary retrusion
and thus also some of its consequences. In addi-
tion to the described association with sagittal in-
termaxillary relations, there is also an obvious
relationship with the protrusion of different
mandibular structures (S-N-Pg 0.443, S-N-Sm
0.553 etc.). Cluster analysis does not explain the
compensatory ability of the maxilla very well, as
it describes only branch V6, which unifies the di-
mensions that express the slope of the upper al-
veolar process and the upper incisors.

Factor 6 describes the shape of the man-
dible, the position of its vertical compo-
nents (of the branches and alveolar process) (Fig.
7) and of the temporo-mandibular joint in relation
to the other cranial structures Ar-tGo-N (-0.836),
RI/NSL (0.820), S-Ar-tGo (0.800), ML/RL (-0.648),
CL/ML (0.584), -1/NSL (-0.532), -1/ML (0.471).
The mentioned characteristics are not associated
in the majority with the mandibular rotation but

express its compensatory abilities, which are con-
sistent with the reduced growth of the maxillary
depth. According to the signs of the above-men-
tioned structures, the compensatory mechanism
of the mandible can be described in more detail.
With an increasing Ar-tGo-N angle the maxillary
joint shifts in a posterior direction, the gonial an-
gle (ML/RL) increases, while the angles of the
chin (CL/ML) and lower incisors in relation to the
plane of the mandibular body (-1/ML) become
sharper. Neither the length of the branch of the
mandible (Pgn-Go) nor its body (Cd-Go) are asso-
ciated with the compensatory mechanism of the
mandible according to the models of factor or
cluster analysis used. Corresponding with this
factor in the dendrogram are branches V4 and
V13, which apparently are not associated due to
the different signs of the correlation coefficients
on which the method is based. The advantage of
the dendrogram employed is, in this case, an il-
lustration of the association between the compen-
satory abilities of the mandible and sagittal inter-
maxillary relations (branch V15).

Factor 7 (Fig. 8) is the factor of the
heights of the anterior upper face N-Sp
(0.598), N-Rhi (0.550), and N-Ss (0.443). The exi-
stence of this factor provides evidence that the
development of the anterior face has an impact
on the slope of the palate PL/NSL (0.726), but is
not associated with the formation of the alveolar
process of the maxilla or mandible. Branch V11 in
the dendrogram corresponds with the factor.

Cluster analysis calculated by means of the
~Statistika"” programme resolves craniofacial rela-
tions at many levels, starting with relations of
two dimensions to the main two branches of the
dendrogram (see Fig. 9). The numbered branches
of the dendrogram indicate the more important
groups of characteristics that describe the struc-
ture of the cranium, or possibly some of its inter-
relations. Some branches correspond to the
above-mentioned factors, more frequently several
branches of the dendrogram correspond with the
factors. The shorter the branch (complete linkage
distance), the more the dimensions are associ-
ated. The closest correlation was found between
characteristics S-tGo and S-Go, i.e., dimensions
which are almost identical.

Another, let us say higher level of cluster
analysis provides information about how the dif-
ferent listed cranial structures are related. The
whole tree can be divided into two main branches
that describe the entire cranium. The first branch
(V16) describes the close relationship of sagittal
intermaxillary relations with shapes of the man-
dible and the soft profile in the area of the lips.
The described structures are more loosely associ-
ated with the branch that characterises the posi-
tion of individual craniometric points of the skele-
tal profile in relation to the neurocranium.

The second main branch (V17) associates sev-
eral partial structures, such as groups of linear
dimensions of different cranial areas (V8, V11,
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Fig. 9. Tree diagram for 75 variables, complete linkage 1 - Pearsonr.
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V14), rotation of the neurocranium (V1 and V10)
or the mandible (V9) and some dentoalveolar
characteristics. Dentoalveolar dimensions were
projected into two subgroups. Branch V6 can be
described as the slope of the dentoalveolar compo-
nent of the maxilla. Another subgroup (V12) is
the dimensions that comprise the dental compo-
nent of the upper as well as lower jaw (+1/-1,
Is+Ii). The association between dimensions de-
scribing the rotation of the neurocranium and
height of the anterior and, in particular, the up-
per face is of interest. Some associations between
characteristics seem to be purely mathematical.

DISCUSSION

The objective of the investigation was to seek
intracranial relations in patients with clefts by
means of two statistical methods - factor and
cluster analysis. Both methods are based on cor-
relation analysis of the investigated charac-
teristics. The former method associates the char-
acteristics to factors that closely correlated with
them, while their correlation with other charac-
teristics is as low as possible. Cluster analysis in
the actual form of dendrograms divides the char-
acteristics into different agglomerations based on
the distance 1-r (r = Pearson correlation coeffi-
cient).

The advantage of factor analysis, as compared
with the use of the dendrogram, is the possible
unification of dimensions with different signs of
correlation coefficients (see table 1). On the other
hand, in dendrograms correlations with positive
and negative signs seem to be two special and
apparently unassociated branches. A suitable ex-
ample is the factor of sagittal intermaxillary rela-
tions. This factor 2 includes e. g. also the convex-
ity angle of the face, which is, no doubt, associ-
ated with the intermaxillary relations. In the
dendrogram this association cannot be found be-
cause with deteriorating saggital intermaxillary
relations (decreasing of the dimensions Ss-N-Sm,
Ss+Sm, Pr-N-Id, Is-Ii) the face becomes more con-
cave (increasing angle N-Ss-Pg). The advantage
of cluster analysis is the possibility to follow-up
not just the mutual interrelations between differ-
ent dimensions. The method also investigates as-
sociations between groups of dimensions that cor-
respond to the formation of facial structures in
patients with clefts. This pertains to relations be-
tween minor groups of characteristics, as well as
to those between major agglomerations of charac-
teristics that represent whole structures of the
cranium or some interrelations. The dendrogram
provides clear evidence of associations, e.g., be-
tween the above-mentioned sagittal intermaxil-
lary relations and the mandible. Rotation of the
mandible does not exert a significant effect on the
maxillary and alveolar relations. The shape of the
mandible expressed as the position of its branch
(S-Ar-tGo), the steepness of the chin (CIL/ML) and
the slope of the lower incisors (-1/ML) are closely

associated with the investigated sagittal rela-
tions.

To date, we have not encountered in the lit-
erature results of cluster analysis concerned with
a similar subject. The results of factor analysis
can be, to a limited extent, compared with the
investigation of Solow (1966). However, the
author also included in factor analysis somatic
characteristics and dimensions of the width of the
neurocranium and face. Some dimensions are de-
fined in a different way and thus the length of the
mandible is described as dimension Pgn-Cd,
while we use in our investigation the length of
the body (Pgn-Go) and length of the branch
(Cd-Go). Solow classified the characteristics
among 19 factors and only 6 (factors 5, 7, 8, 9, 10
and 11) indicate some agreement with our re-
sults. Factor 5, similarly as our factor 12, unifies
the linear dimensions, and we can observe a very
close relationship between the dimensions of the
posterior part of the neurocranium and the face.
Both papers describe the influence of the curva-
ture of the cranial base on the position of both
jaws, the relationship between the depth (length)
of the maxilla and its protrusion, the relation be-
tween height dimensions of the anterior upper
face and the slope of the palate plane, and the
negative association of the slope of the upper inci-
sors and overjet. In both investigations the
steeper slope of the mandibular body in relation
to the NS line is related to the height dimensions
of the lower face, and this leads in patients with
clefts to damage to the vertical intermaxillary re-
lations.

Other comparisons with data from the litera-
ture are difficult as the results of similar methods
are not compared but rather interpreted associa-
tions, and this may lead to inaccuracies. The an-
gle of the cranial base does not differ significantly
in patients with clefts from controls (Smahel and
Brejcha, 1983). Orthodontic patients with class II
malocclusion have on average a greater angle of
the cranial base than patients of class III (Keel-
ing et al., 1989). The association between the ro-
tation of the neurocranium and the facial configu-
ration, its rotation and the position of both jaws,
confirmed in the present investigation, has been
known for a long time (Bjork, 1955). Neither the
slope of the alveolar processes nor that of the up-
per and lower incisors is associated with the an-
gle of the cranial base. This is consistent with the
work of Smahel and Skvatilovd (1988). These
structures are closely related with the adaptive
abilities of both jaws.

The linear dimensions are as a rule more as-
sociated mutually than with shape characteristic,
as confirmed by the existence of factor 1. Linear
dimensions of the anterior upper face, the ante-
rior lower face and the posterior face and longitu-
dinal measurements of the cranial base are more
interrelated within these groups (see dendro-
gram) than with other linear dimensions. This
fact can be explained by a different type of growth
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of these different parts of the cranium. The men-
tioned findings are on the whole consistent with
the partial relations of individual linear dimen-
sions in the investigation published by Smahel
and Skvatilova (1988).

The mandible has, as compared with the max-
illa, a greater adaptive capacity in case of im-
paired sagittal intermaxillary relations, which
again is consistent with the above-mentioned
authors. The mandible can adapt not only in the
area of the alveolar process and incisors but also
by a change in the position of the temporo-
mandibular joint, the slope of the mandibular
branch, and changes in the gonial and chin an-
gles. The reduction of the longitudinal parame-
ters of the mandible in patients with clefts does
not nearly correspond to the great reduction of
the maxillary depth (Smahel and Brejcha, 1983),
which in the long run leads to damage to the
sagittal intermaxillary relations. Rotation of the
mandible, according to the results of our investi-
gation, is not associated with its compensatory
abilities and is probably governed by congenital
growth patterns. The authors observed an asso-
ciation between the rotation of the mandible and
the length of its body. Surprisingly, the length of
the branch of the mandible is not associated with
its shape or rotation, which is at variance with
the results of Smahel and Skvatilova (1988).

CONCLUSIONS

. The basic intracranial relations can be derived
by means of both of the applied methods.

. In more detailed studies of the problem, it is
better to use both methods simultaneously.
The advantage of combined use is not only to
test the results but also the fact that the
methods complement each other: one helps to
eliminate the shortcomings of the other and
thus combined they make a more detailed
analysis of the investigated problem possible.

. Rotation of the neurocranium has an impact
on the configuration of different facial compo-
nents.

. Linear dimensions of the same area of the cra-
nium and in the same direction follow the
same type of growth and therefore are closely
related.

. A reduced depth of the maxilla is most closely
related to sagittal intermaxillary relations as
it is the main cause of their damage.

6. Rotation of the mandible is closely associated
with the heights of the anterior face and with
protrusion of the mandible.

7. The anterior upper face develops inde-
pendently in relation to its other parts. The
slope of the dentoalveolar process of the max-
illa can be influenced by orthodontic treat-
ment, and in case of a positive overjet it has
an impact on the shaping of the mandible.

8. Sagittal intermaxillary relations of patients
wit clefts are more closely associated with the
shape of the mandible and the position of its
branch in relation to the neurocranium than
the type of its rotation.
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SOUHRNY

Uginek silikonem potazeného polyamidového sitového obvazu a kalcium alginatu na hojeni mista odbéru
Stépeného kozniho §tépu: prospektivni randomizovany pokus

O’Donoghue J. M., O'Sullivan S. T., O'Shaughnessy M., O'Connor T. P. F.

Byl proveden otevieny randomizovany
prospektivné ¥izeny pokus pro stanoveni tuéin-
nosti hojeni, miry skluzu a stupn& nepohodli pii
sejmuti kalcium algindtového a silikonem po-
tazeného polyamidového sifovaného obvazu
v misté odbéru Stépeného kozniho stépu.
Nahodné bylo vybrdno 16 pacientt do skupiny
S obvazem obsahujicim kalcium algindt a 14
pacient do skupiny s obvazem potazenym silik-
onem. Mista odbéru byla posuzovédna od 7., 10,
14. dne az do 21. dne. Priamérna doba hojeni ve
skupiné kalcium algindtu byla 8,75 + 0,78 dnu
(v rozmezi od 7 do 14 dni1) v porovnédni s 12 + 0,62
dny (v rozmezi 7 az 16 dnid) pro skupinu
opatfenou silikonem (p < 0,01). Ackoli vice

sklouzavaly silikonem potazené obvazy (5:1),
rozdil nebyl statisticky vyznamny. Bolest béhem
prvni obvazové vymény byla stanovena pomoci
vizuélni analogové stupnice bolesti. A¢koli nebyly
nalezeny Zadné signifikantni rozdily mezi skupi-
nami, bylo nezbytné zménit obvazovy protokol
u silikonem opat¥ené paZe po zahdjeni u prvnich
dvou pacientli. Vrchni absorpéni gdza ptiléhajici
k mistu odbéru pres fenestrace v obvazu
vyzadovala umisténi parafinované gdzy mezi ex-
perimentalni obvaz a piekryvajici bavlnénou gézu.
Ve studii byla zjisténa jedna infekce, ke které doslo
v algindtové skupiné. Na zdkladé vysledka
doporuéujeme kalcium algindt jako moZny vybér
obvazu pro §tépeny kozni §tép mista odbéru.

Fyziologické rozdily v citlivosti a poceni v typickych mistech odbéri koznich a fasciokutannich volnych lalokt

Ahcan U., Amez Z. M., Kristan A.

U 30 zdravych dobrovolnikd (20 muzd a 10
Zen) ve véku 17 az 62 let (v praméru 38,2 roku)
byly sledovdny rozdily v citlivosti a poceni
v typickych mistech odbérd koZznich a fas-
ciokutannich volnych laloki (lopatkovy, zevni
strana paZe, radidlni strana piedlokti, tiislo
a hibet nohy).

Byly uzity standardni klinické metody: Sem-
mens-Weinsteinova metoda pro testovani lehkého
dotyku s uzitim monofilniho vlakna, tupy kaliper

pro hodnoceni statického a dynamického rozliSeni
dvou bodii a Marschtockova kvantitativni metoda
pro uréeni norem rozlieni tepla a chladu a tepel-
ného a chladového prahu bolesti. Samovolna sek-
rece potu byla sledovana a dokumentovdna po-
moci ninhydrinového testu.

Autofi  stanovili  fyziologické  rozdily
v citlivosti a poceni mezi uvedenymi ¢éastmi téla
(mista odbérd koZnich a fasciokutdannich vol-
nych laloka).

Popis pripadu: volny arterializovany venézni lalok uZity pro rekonstrukci defektu po odstranéni intraoralniho
karcinomu

Cunha-Gomes D., Bhathena H., Kavarana N. M.

Volny arterializovany venézni lalok s wv.
cephalica je dobrou moZnosti pro intraoralni re-
konstrukei. PouZiti tohoto laloku, ktery poskytuje
tenkou a poddajnou kuzi, umoZiuje jednodobou

rekonstrukci bez ob&tovani hlavniho arteridlniho
kmene. Tento lalok mutZe pomoci pfeklenout
problém v ptipadé, kdy ruka mé dominantni
cévni zdsobeni z a. radialis.
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CO2 a Nd:YAG laserova asistence pfi obnové nervii: studie o sile propojeni a tepelném poskozeni

Menovsky T.

Srovnavaci studie byla potizena pro zlepSeni
laserového svatovani. Zkoumad kritiénost sily pro-
pojeni a tepelného poskozeni ndsledkem COg
a Nd:YAG laserové asistence pii obnové nervi
provedené s uzitim nebo bez uziti krevniho albu-
minu jako pédjky. Nejsilnéjsi spoje byly vytvoieny
s CO2 laserem uzivajicim albumin jako pé&jku.

Tepelné poskozeni bylo nejmensi s COg2 laserem,
zatimco pri pouziti Nd:YAG laseru bylo poskozeni
zavazné. Vysoka sila propojeni kombinovana
s minimdlnim po$kozenim nervu nasledkem ob-
novy COg2 laserem pfi pouziti albuminu opraviuje
dalsi vyzkumy uziti této techniky pfi studiich in
vivo.

Operace rozstépu patra dvojitou reverzni Z-plastikou: prvni hodnoceni vysledki Feéi ve véku 6 let

Vokurkova J., Mrézek T., Vyska T., PeSlova M., Vesely J.

Bylo zhodnoceno prvnich 15 Sestiletych déti
operovanych pro roz$tép patra dvojitou reverzni
Z-plastikou. Vyg$etfeni chirurgem neprokazalo
zavedenim nové operaéni metody zhor$enou mor-

biditu. VySetfeni foniatrem prokdzalo vyrazné
zlepSeni ¥efovych funkei ve srovndni s predchozi
metodou dle von Langenbecka. Vysledky jsou
predbézné, na malém souboru pacienti.

Analyza intrakranialnich vztaht u pacient( s jednostrannym rozstépem rtu a patra pomoci klastrové
a faktorové analyzy

Veleminska J.

Studie byla zaloZena na kefalometrickém sle-
dovani laterdlnich telerentgenovych snimkid 48
desetiletych chlapct s kompletnim jednostran-
nym roz§tépem rtu a patra. Za pouZiti klastrové
a faktorové analyzy byl sledovdn vztah 75 kranio-
facidlnich charakteristik velikosti, tvaru i pozice.
Obé multivariaéni metody se p¥i hleddni souvis-
losti mezi diléimi strukturami krania osvédcily.
Vhodn& se dopliiovaly a jejich kombinované
pouziti prispélo k definovdni nésledujicich zdk-
ladnich i specifickych principt kraniofacidlnich
vztahl a kompenzaéné-adaptaénich mechanismi
u rozstépovych pacientd.

Horni &elist se sklddd ze dvou na sobé témér
nezdvislych éasti. Vertikdlni parametry piredniho
horntho oblieje souviseji se sklonem roviny pa-
tra, dentoalveoldrni slozka horni delisti se for-
muje nezdvisle. Tento fakt lze ¢asteéné vysvétlit

pisobenim ortodontické 1écby, ktera podstatné
prispivd ke zlepSeni konfigurace obli¢eje. Rotace
dolni d&elisti ovliviiuje vertikdlni rozméry jak
predniho dolniho, tak i celého obliceje a je tésné
spjata s pozici téla mandibuly, ne vSak s pozici

jeji vétve, ani s jeji délkou. Sklon vétve
mandibuly koreluje s thlem brady, s goniovym
tdhlem a se sklonem jeji dentoalveoldrni slozky,
coZ je diisledek adaptace na zkraceni maxily pii
zachovani pozitivniho skusu. PoSkozeni sagitdl-
nich meziéelistnich a interalveoldrnich vztahu
je primdrné zplsobeno redukci hloubky horni
Celisti a souvisi s délkou téla dolni celisti,
zatimco vztah k jeji rotaci ani délce vétve nebyl
zaznamenan.

ReSeni dané problematiky mtZe pomoci pii
hleddni prediktivnich modeld vyvoje obliceje
u pacienti s roz§tépovymi vadami.
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References should be quoted in the text with surname of
the author and the year of publication. Two or more works by
the same authors published in the same year must be marked
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abbreviation of the journal, volume, pages and the year of issue.
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agement of Cleft Lip and Palate. Philadelphia, W. B. Saun-
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Manuscripts which do not comply with these require-
ments cannot be published. The editorial board reserves the
right to suggest the publication of author’s article in the form
of an annotation, make corrections, or on account of comments
made by the reviewers, return the manuscript to the author
for redrafting. The papers must be sent to the editor in their
final formulation. The galley proofs are done by the author,
but no essential changes are permitted. The authors of origi-
nal papers will receive issue of the Journal and 20 reprints
free of charge and without special order. Additional reprints
are available at the address given below.

For those who prefer to submit Graphs printed on a laser
printer:

Please do not use grid in your Graphs. Remember that
Graphs are scanned and often reproduced in a smaller size
than 1 : 1. Increased density of dots then makes grids unclear
and ,stainy“. Use black and white areas or black lining.

For those who prefer to submit their papers on a diskette:

Both 3 1/2" and 5 1/4" diskettes are accepted. Use WORD
(DOS) or WINWORD text editor, version 5.0 and higher, only.
In WINWORD, cancel automatic SAVE before you start writ-
ing. Write doublespaced (max. 30 lines per page), do not un-
derline, do not change typesizes, do not indent. New
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companied by a printed text, in which you can underline and
mark the desired shape of Tables. Due to increasing postage,
diskettes are not returned to the authors.
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optimal size 10 x15 cm, max. 21 x 15 cm. Slides are also ac-
cepted. Slides must be marked with the name of the author,
the arrow indicating the top side and the Fig. number. Graphs
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is reproduced free of charge.
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