
PDF hosted at the Radboud Repository of the Radboud University

Nijmegen
 

 

 

 

The following full text is a publisher's version.

 

 

For additional information about this publication click this link.

http://hdl.handle.net/2066/114076

 

 

 

Please be advised that this information was generated on 2023-05-24 and may be subject to

change.

http://hdl.handle.net/2066/114076


Dento-alveolar development after 

modified palatal surgery on dogs 

M.M.H. In de Braekt 





Dento-alveolar development after 

modified palatal surgery on dogs 

Dento-alveolaire ontwikkeling na 

gemodificeerde palatum chirurgie bij honden 



CIP-GEGEVENS KONINKLIJKE BIBLIOTHEEK, DEN HAAG 

In de Braekt, Matheus Maria Hubertus 

Dento-alveolar development after modified palatal surgery on dogs / Matheus Mana 

Hubartus In de Braekt. - IS.I. : s.n.J (Maastricht, Drukkerij Cortjens). - III. 
Proefschrift Nijmegen. - Met lit. opg. - Met samenvatting in het Nederlands. 
ISBN 90-9004952-5 
Trefw.: tandheelkunde / chirurgie van het gehemelte 

Copyright® 1992 by Matheus Maria Hubertus In de Braekt, Patersbaan 18e, 6211 KZ 
Maastricht, The Netherlands. 

No part of this book may be reproduced in any form, by print, photocopy, microfilm or any 
other means without written permission from the author. 



Dento-alveolar development after 

modified palatal surgery on dogs 

een wetenschappelijke proeve op het gebied van 

de medische wetenschappen in het bijzonder de tandheelkunde 

PROEFSCHRIFT 

TER VERKRIJGING VAN DE GRAAD VAN DOCTOR 

AAN DE KATHOLIEKE UNIVERSITEIT NIJMEGEN, 

VOLGENS BESLUIT VAN HET COLLEGE VAN DECANEN 

IN HET OPENBAAR TE VERDEDIGEN OP 

MAANDAG 25 MEI 1992 DES NAMIDDAGS TE 3.00 UUR PRECIES. 

door: 

Matheus Maria Hubertus In de Braekt 

geboren 9 januari 1963 te Heerlen 

Drukkerij Cortjens, Maastricht 



PROMOTOR : PROF. DR. Α. M. KUIJPERS-JAGTMAN 

CO-PROMOTOR : DR. J. С. MALTHA 

From the Department of Orthodontics, University of Nijmegen, The 

Netherlands. National Research Program: Growth and Development of 

the Craniofacial Complex. 



Aan mijn ouders 





Dankwoord 

Dit proefschrift zou nooit tot stand zijn gekomen zonder de hulp van 

vele mensen die ik bij deze gelegenheid graag zou willen bedanken: 

- allereerst de promotor, Prof. Dr. A. M. Kuijpers-Jagtman en de 

co-promotor, Dr. J. С Maltha voor hun grote inzet gedurende het 

hele onderzoek. 

- Prof. Dr. F. P. G. M. van der Linden en Prof. Dr. H. Boersma voor de 

gelegenheid die zij mij gaven voor het volgen van de opleiding tot 

orthodontist en het beschikbaar stellen van de faciliteiten voor het 

onderzoek. 

- De heren Th. H. M. Arts, A. J. Peters en P. H. G. Philipsen van het 

Centraal Dierenlaboratorium voor het altijd perfect verzorgen van de 

assistentie. 

- Drs. F. A. M. van Alphen voor de hulp in het Centraal Dieren

laboratorium en de meetsessies. 

- Dr. J. M. H. M. Borghouts voor het begeleiden van de eerste stap

pen in Von Langenbeck's palatoplasty. 

- Dr. M. A. van 't Hof en Dhr. S. J. A. M. Nottet voor de assistentie 

bij de meetprocedures en de statistische verwerking van de onder

zoeksresultaten. 

- Mevr. M. Р. А. С Helmich en Dhr. R. E. M. van Rheden voor het 

vervaardigen van de histologische preparaten. 

- De heren J . L. M. van de Kamp, H. A. W. Bongaarts 

en H. Waayenburg voor het maken van de dia's en verdere 

illustraties. 

- Dhr. L. Hofman voor zijn hulp bij het verzamelen van de literatuur. 

- Dr. P. Dijkstra en Ir. H. Esselbrugge van de Afdeling Chemische 

Technologie, Universiteit Twente voor het ontwikkelen en vervaar

digen van de polymelkzuur membranen. 

- CMS voor het ter beschikking stellen van de laserapparatuur. 

- Drs. R. H. J. Peerlings voor het uitwisselen van onderzoeks

ervaringen en vruchtbare discussies. 

- Tot slot, Monique, voor al haar steun en geduld. 





Contents 

Chapter 1 General introduction 3 

Chapter 2 The wound healing process 11 

Chapter 3 Wound healing and maxillary growth after palatal surgery: animal 27 
studies 

Chapter 4 Development of poly-(L-lactic) acid membranes to prevent rigid 47 
attachment of scar tissue after palatal surgery 

Chapter 5 Wound healing and wound contraction after palatal surgery and 57 
implantation of poly-(L-lactic) acid membranes m Beagle dogs 
J Oral Maxillofac Surg (accepted for publication) 

Chapter 6 Maxillary arch dimensions after palatal surgery and implantation 75 
of poly-(L-lactic) acid membranes in Beagle dogs 
Cleft Palate - Cramofac J {accepted for publication! 

Chapter 7 The use of poly-(L-lactic) acid membranes after palatal surgery in 93 
Beagle dogs. A histological evaluation 
Cleft Palate - Craniofac J (submitted for publication} 

Chapter 8 The effect of Low Level Laser Therapy on wound healing after 117 
palatal surgery in Beagle dogs 
Lasers Surg Med 11:462-470; 1991. 

Chapter 9 The effect of Low Level Laser Therapy on maxillary arch dimen- 135 
sions after palatal surgery in Beagle dogs 
J Dent Res 70: 1467-1470; 1991. 

Chapter 10 The influence of Low Level Laser Therapy on wound healing 151 
after palatal surgery in Beagle dogs. A histological evaluation 
Lasers Surg Med (submitted for publication! 

Chapter 11 General discussion 171 

Chapter 12 Summary 183 

Samenvatting 191 

Curriculum vitae 199 





Chapter 1 

General introduction 





General introduction 

In most parts of the western world, individuals with cleft lip, alveolus 

and palate are treated by a team of specialists. Plastic surgeons, maxil

lofacial surgeons, E.N.T. specialists, orthodontists, dentists, speech 

pathologists, pediatricians, psychologists and social workers, participate 

in the treatment which lasts from birth until adulthood. 

Treatment goals for patients with cleft lip, alveolus and or palate are the 

achievement of an acceptable functional, esthetic and psycho-social 

development. Today's treatment modalities result in adults who are 

comparable to the general population. However, characteristic differen

ces in facial morphology between adult cleft and non-cleft populations 

remain (Ross, 1987a). 

The characteristic facial appearance of patients with operated clefts 

after treatment is caused by intrinsic developmental deficiencies, 

functional factors and factors of iatrogenic origin. Intrinsic developmen

tal deficiencies are mainly restricted to the maxillary complex and rarely 

of clinical significance. The growth potential seems to be normal (Ross, 

1987a). Functional factors due to abnormal insertion of muscles and 

muscular activity as well as nasal septum deviation, cause distortion 

and growth pattern aberrations of the contributing parts of the facial 

complex. These functional distortions can partly be neutralized by 

surgical repair. Surgery is the third, iatrogenic, factor. The effects of 

iatrogenic origin are mainly caused by the multiple surgical interventions 

in the cleft patient during growth. Surgery is partly aiming at the 

neutralization of the functional distortions and partly at the restoration 

of the normal morphology, but it is believed to have a major influence 

on facial growth (Ross and Johnston, 1972; Ross, 1987a,c,d,e). 

Individuals with untreated clefts of lip, alveolus and or palate show 

almost normal facial growth, for most of the growth parameters usually 

measured (Dejesus, 1959; Ortiz-Monasterio et al., 1966; Bishara et al., 
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1976, 1985, 1986; Mars and Houston, 1990; Mars et al., 1990). Appa

rently, intrinsic and functional factors in cleft patients do not severely 

affect facial growth. Therefore, growth related problems encountered 

clinically seem to be caused mostly by surgical intervention during 

growth (Ross, 1970; Ross and Johnston, 1972). 

The initial surgical procedures consist of repair of the cleft lip, alveolus 

and/or palate. Lip repair with variable timing and technique has little im

pact on facial and dento-alveolar growth (Ross, 1987c; Mars and 

Houston, 1990; Mars et al., 1990). Alveolus repair, with or without 

bone grafting, inhibits vertical growth of the anterior maxilla (Ross, 

1987b). Palatal repair with variable timing and techniques appears to be 

the major source of disturbance of maxillary growth and dento-alveolar 

development. Initially, the effects of surgery seem to be beneficial but 

later on they appear to have an unfavourable result on maxillary growth 

and development (Ross, 1987d-e; Mars and Houston, 1990; Mars et al., 

1990). 

Effective surgical repair of the soft and hard palate results in a soft 

palate with good velopharyngeal competence and separation of the oral 

and nasal cavities, with a minimum of growth inhibition of the maxillary 

structures. This will enable the patient to normalize his functional 

behaviour in mastication, breathing and speech. The quality of the 

result, however, is dependent on the surgery initially provided. Clinicians 

disagree about the best way to achieve these goals. Confusion exists on 

the age at which surgery is performed and the way surgery has to be 

carried out (Hotz and Gnoinsky, 1976; Schweckendiek, 1978; Witzel et 

al., 1984; Ross, 1987à). 

Surgery results always in the formation of scar tissue independent of 

the way or the age at which it is performed (Kremenak, 1984; Ross, 

1987a). Although the growing tissues are not affected, surgery interfe

res with facial growth. Postoperative scar tissue in various palatal regi

ons inhibits anteroposterior and vertical growth of the midface. The 

forward movement of the maxillary complex is reduced substantially 

because of the scar tissue adjacent to the tuberosities (Ross and 

Johnston, 1972). The vertical development of the maxillary complex 

depends mainly on the vertical increase of alveolar bone during eruption 

of teeth. It will be inhibited because periodontal fibers attached to the 
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teeth, are anchored in the scar tissue resulting in palatal guidance of 

teeth during eruption. The quality of scar tissue, which remains different 

from the normal mucoperiosteum, seems to be of utmost importance in 

the adverse effects of palatal surgery on growth and development (Ross 

and Johnston, 1972; Ross, 1987e; Wijdeveld et al., 1989, 1991). 

Individuals with repaired cleft palates lack dento-alveolar adjustment and 

show a tendency for posterior and especially anterior crossbites during 

the entire growth span (Ross, 1970; Ranta et al., 1974). 

As mentioned above, the quality, quantity and the structure of scar 

tissue seem to be related to the disturbance of facial growth and 

development. Consequently, the wound healing process seems to play 

an important role in controlling facial growth in these patients after 

surgery. 

The next two chapters deal with clinical and animal studies concerning 

wound healing, the influence of wound healing after palatal surgery on 

maxillary growth, and the way the healing process can be manipulated. 

These considerations will lead to an experimental animal study aiming at 

the improvement of surgical techniques in palatal surgery. 
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Chapter 2 

The wound healing process 





The wound healing process 

2.1 Introduction 

Only few studies deal with wound healing in a clinical situation. They 

deal mostly with healing of skin wounds. Skin wounds may be classified 

as full thickness or partial thickness wounds. In full thickness wounds 

the defect is deeper than the adnexa that cover the underlying tissues in 

contrast to partial-thickness wounds in which the adnexa partly remain 

in the wound bed. In both types of wounds epidermal cell migration 

occurs from the wound margins (Peacock, 1973; Montandon et al., 

1977). Epithelialization in partial-thickness wounds also occurs from the 

adnexa (Falanga et al., 1988). Wound contraction, which pulls the 

wound margins to the center of the wound, occurs in the first week 

after injury. This, and the tension lines of the skin modify the original 

shape of the wound and cause a remarkable decrease in the size of the 

skin defect (Van Winkle, 1967; Montandon et al., 1977; Reed and 

Clark, 1985). 

The process of wound healing differs little from one kind of tissue to 

another and is generally independent of the type of injury. Arbitrarily, 

wound repair can be divided into three overlapping and related phases, 

each characterized by the activities of particular populations of cells. 

These phases often are described as the inflammatory, the proliferative 

and the reorganization or remodeling phase (Carpenter et al., 1977; 

Vane and Ferreira, 1978; Clark, 1985; Kanzler et al., 1986). The first 

two phases are related to the formation of granulation tissue and wound 

contraction; the latter one is related to the maturation of scar tissue 

(Ross, 1968, 1969; Carpenter et al., 1977; Vane and Ferreira, 1978; 

Reed and Clark, 1985; Kanzler et al., 1986). 
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2.2 The inflammatory phase 

The inflammatory phase starts with the onset of haemorraghe in the 

wound. Tissue injury and blood vessel disruption lead to the extravasati

on of blood constituents, concommittant platelet aggregation, blood 

coagulation and the synthesis of bradykinin and analphatoxins (Carpen

ter et al., 1977; Vane and Ferreira, 1978; Clark, 1985; Reed and Clark, 

1985; Kanzler et al., 1986). 

The initial reaction to injury is probably a transient vasoconstriction, but 

it is rapidly followed by vasodilatation involving arterioles and venules. 

Plasma and blood elements leak from the dilated and damaged blood 

vessels into the surrounding connective tissue (Weiss, 1988). The flow 

of blood in the venules slows down and the viscosity of blood increases 

which results in hemostasis achieved by three major routes. 

Firstly, aggregation of platelets in disrupted blood vessels cause the 

formation of a hemostatic plug. Exposure of mature collagen and 

probably other connective tissue components provoke platelets to 

adhere to collagen and to aggregate with each other. Free proline and 

hydroxyproline groups are perhaps the most important determinants in 

the recognition of collagen by platelets, as deamination or blocking of 

these free amino groups in the collagen molecule decreases platelet 

aggregation (Reed and Clark, 1985; Kanzler et al., 1986; Falange et al., 

1988). However, the mechanism by which the collagen-platelet interac

tion takes place has not been well elucidated yet (Carpenter et al., 

1977; Vane and Feirrera, 1978; Reed and Clark, 1985; Kanzler et al., 

1986). It is postulated that aggregation and désintégration of platelets 

causes a release of several factors including tromboxanes, tryptamines, 

several coagulation factors and adenosine diphosphate (ADP) which 

potentiate further aggregation (Zweifach et al., 1974; Vane and Ferrei

ra, 1978; Reed and Clark, 1985). However, simultaneously, intrinsic 

activities of the blood vessel endothelium, such as the production of 

prostacyclins and plasminogen activator which initiates clot lysis, limit 

the extent of platelet aggregation and coagulation (Clark, 1985; Kanzler 

et al., 1986). Activated platelets not only aggregate and trigger blood 

coagulation but also release an array of biologically active substances as 

proteolytic enzymes and lipoxygenases which transfer arachidonic acid 
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into prostaglandins and leucotrienes. These substances are the most 

important arachidonic acid metabolites and they function as chemotac-

tic agents for polymorphonuclear neutrophils, infiltrating the wound 

approximately 6 hours after injury (Carpenter et al., 1977; Vane and 

Feirrera, 1978; Clark, 1985; Kanzler et al., 1986). 

Secondly, for hemostasis, an important role is attributed to the intrinsic 

coagulation system activated by the Hageman factor (coagulation factor 

Xlla) which adsorbs at fibrillar collagen along with its co-activators 

prekallikrein and kininogen. Subsequently, these factors initiate a 

cascade of coagulation factors resulting in the transfer of prothrombin 

into thrombin which in turn accelerates the formation of fibrinogen into 

fibrin monomers. These monomers polymerize into a fibrin network, the 

most important constituent of the blood clot (Zweifach et al., 1974; 

Reed and Clark, 1985). This fibrin scaffolding provides three important 

functions. Besides a temporary stability to the wound defect, the 

coagulum provides continued hemostasis and a framework over which 

fibroblasts and epithelial cells can migrate in a later stage of wound 

healing (Reed and Clark, 1985; Kanzler et al., 1986). 

The third route by which hemostasis is achieved, is by the extrinsic 

coagulation system, activated by coagulation factor VII (thromboplastin) 

which is found in the interstitium and released from damaged cells 

(Carpenter et al., 1977; Kanzler et al., 1986). This factor results also in 

a cascade of coagulation factors leading to the formation of fibrin as 

described for the intrinsic coagulation system. 

Blood clotting can be considered as a part of the inflammatory respon

se, since the Hageman factor leads also to the synthesis of bradykinin 

and analphatoxins. These substances increase the permeability of the 

undamaged blood vessels adjacent to the injured area resulting in 

leakage of plasmaproteins (albumins, plasmakinins and coagulation 

factors) and subseqent interstitial clot formation in the surrounding 

tissue (Kanzler et al., 1986). Furthermore, bradykinin is probably active 

in leucocyte Chemotaxis (Carpenter et al., 1977). Analphatoxins attract 

polymorphonuclear neutrophils and blood monocytes to sites of tissue 

injury and stimulate the release of vasoactive mediators such as histam

ine, leucotrienes and prostaglandins from mast cells, polymorphonuclear 

neutrophils and macrophages. These substances increase the blood flow 
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and enhance the permeability of blood vessels, promoting the leakage of 

water, electrolytes, macromolecules, causing oedema. 

The result of the Chemotaxis is that, polymorphonuclear neutrophils are 

the first leucocytes which infiltrate the site of injury, within approxima

tely 6 hours after wounding. The polymorphonuclear neutrophils reach a 

maximum number at 1 to 2 days and decline after approximately 2 to 3 

days after wounding. Their major function during the inflammatory 

stage is the phagocytosis of bacteria ingestion and wound debridement. 

At the same time as the neutrophils, the monocytes start to migrate 

from the blood vessels. They are activated by plasma, collagen frag

ments and eventually bacterial endotoxins (Reed and Clark, 1985; 

Kanzler et al., 1986). The monocytes penetrate the extravascular tissue 

and differentiate into macrophages. This differentiation seems to be 

critical for the initiation of tissue repair (Reed and Clark, 1985). The 

macrophage is perhaps the most important cell in the inflammatory 

phase of wound healing (Clark, 1985; Kanzler et al., 1986). They 

appear in the wound during the first 5 days and have a relatively long 

lifetime. 

Both, polymorphonuclear neutrophils and macrophages produce proteo

lytic, collagenolytic and fibrinolytic enzymes into the local environment. 

Collagen degradation by macrophages predominates during the first 3 to 

4 days of wound healing (Carpenter et al., 1977; Falanga et al., 1988). 

As the amount of polymorphonuclear neutrophilis decreases and ma

crophage accumulation continues, a transition is found in the inflamma

tory stage of wound healing. Macrophages, as did the polymorpho

nuclear neutrophils previously, phagocyte and digest pathogenic orga

nisms, tissue debris and inactive polymorphonuclear neutrophils (Zweif

ach et al., 1974; Vane and Feirrera, 1978; Kanzler et al., 1986). Their 

function includes also the release of angiogenic stimulating factors and 

fibroblast stimulation by the synthesis and release of interleukins. 

The role of lymfocytes in wound healing remains controversial. They are 

at their maximum number in the wound at approximately 6 day after 

injury and their most important function is to synthetize lymfokines 

which at the one hand initiate macrophages to migrate and to produce 

cotlagenases and at the other hand stimulate fibroblast migration and 

proliferation as well as collagen synthesis (Zweifach et al., 1974; Vane 
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and Ferreira, 1978; Kanzler et al., 1986). 

Fibronectin is another substance which has been found to be of impor

tance in wound healing (Carpenter et al., 1977; Clark, 1985; Kanzler et 

al., 1986). It is a glycoprotein produced by fibroblasts and endothelial 

cells, and localized in the clot in association with fibrin, 5 days after 

injury. It plays a role in cell and tissue adhesion as it is able to cross-link 

with collagen and glycosaminoglycans which are major constituents of 

the connective tissue matrix. The same is found between the intercon

nected fibrin strands in the coagulum and the interstitial fibronectin. The 

fibrin-fibronectin matrix acts as a structural support for epithelial and 

connective tissue cells. It enables the cells to migrate and it unites the 

wound edges (Grinnel et al., 1981; Repesh et al., 1982; Kanzler et al., 

1986; Falanga et al., 1988). In this process the interaction between 

intracellular contractile microfilaments (actin) within the myofibroblasts 

and epithelial cells, and extracellular microfilaments (fibronectin) by 

means of a plasma membrane linkage, is of great importance. These 

contractile proteins disappear after healing and are not present in intact, 

normal epidermis. The formation of the fibrin-fibronectin complex is a 

process which is of utmost importance in the next phase of healing 

(Carpenter et al., 1977; Vane and Feirrera, 1978; Kanzler et al., 1986; 

Falanga et al., 1988). 

2.3 The proliferative phase 

This phase which results in regeneration of the epidermis, neo-angioge-

nesis and proliferation of fibroblasts leading to collagen synthesis, is 

beginning approximately with the onset of the inflammatory phase. 

However, this phase will become more obvious over the ensuing 10 to 

14 days after injury (Carpenter et al., 1977; Vane and Feirrera, 1978; 

Reed and Clark et al., 1985; Kanzler et al., 1986; Falanga et al., 1988). 

The epithelium around the wound margins reacts with degenerative 

changes in the first hours of wound healing (Fejerskov, 1972). Approxi

mately 12 hours after wounding, epidermal cells adjacent to the wound 

become somewhat flattened and develop pseudopod-like extensions. 
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Within 24 hours, epidermal cells from the wound margins begin to 

migrate into the wound and are guided by the scaffolding of the under

lying fibrin-fibronectin network as mentioned previously (Carpenter et 

al., 1977; Clark, 1985; Woodley et al., 1985; Kanzler et al., 1986). 

Migration occurs under the crust, if present, since a moist environment 

is necessary for the migration of cells (Falanga et al., 1988). After 48 

hours, predominantly epithelial cell mitosis is responsible for epidermal 

healing (Ross, 1968, 1969; Vane and Feirrera, 1978; Kanzler et al., 

1986). Both epithelial cell migration and mitosis are stimulated by 

Epithelial Growth Factors (EGF) (Kanzler et al., 1986; Laato et al., 

1986; Dutrieux et al., 1989). EGF's are polypeptides from an unclear 

tissue source which are present in epidermis and tissue fluid. They 

enhance nutrient transport into cells and increase the synthesis of DNA 

and RNA. 

At the time the epidermis is regenerating, capillary buds from the 

vessels adjacent to the wound defect form an anastomosing network 

(Carpenter et al., 1977; Clark, 1985; Woodley et al., 1985; Kanzler et 

al., 1986). Fibroblasts begin to appear in the wound 48 to 72 hours 

after injury at the end of the inflammatory stage. They move into the 

wound along existing extracellular matrix material, particularly collagen 

and proteoglycans. Once this migration occurs, an additional 2 days 

elapse before active collagen synthesis is evident, this period being 

termed as the "lag phase" (Clark, 1985; Reed and Clark, 1985; Kanzler 

et al., 1986). The origin of the fibroblasts is uncertain. Probably several 

types of mesenchymal cells are able to differentiate into fibroblasts 

under appropriate conditions. (Kanzler et al., 1986; Falanga et al., 

1988). Fibroblasts adhere to the underlying collagen and fibrin which 

are coated by fibronectin. Their replication is potentiated in areas of 

relatively low oxygen tension. Therefore, the greatest replication is in 

front of the advancing capillary arcade in the center of the wound. As 

the new vessels bring increased oxygen tension to the environment, 

replication of fibroblasts decreases and the biosynthesis of collagen, 

increases (Carpenter et al., 1977; Kanzler et al., 1986). 

The major metabolic functions of fibroblasts are the synthesis of colla

gen and proteoglycans. For optimal fibroblastic activity, a mildly acidic 

medium is necessary which is provided by the accumulation of lactate 
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from anaerobic metabolism in the wound (Clark, 1985; Reed and Clark, 

1985; Kanzler et al., 1986). Synthesis of collagen by fibroblasts begins 

by assembly of polypeptide chains at the polyribosomes. After secretion 

of procollagen from the fibroblasts, proteases transfer the extracellular 

procollagen molecules into collagen which in turn assembles into fibrils. 

In wound healing, type III collagen, consisting of three σ, chains, is first 

deposited in the wound after 2 days. The largest amount of this form of 

collagen is synthesized between 5 and 7 days. It is progressively 

replaced by more stable type I collagen, consisting of two σ, and one a2 

chains, after several weeks. The increase in the amount of collagen is 

accompanied by a corresponding decrease of fibrin-fibronectin matrix 

(Ramachandran and Reddi, 1976). The newly formed scar tissue con

sists for more than 50 % of collagen, but it contains also glycosamino-

glycans, hyaluronic acids and proteoglycans. These substances are 

formed at the same time as collagen, with maximum synthesis at 2 

weeks after wounding. They control salt and water concentrations in 

connective tissue. These molecules may also be directly involved in cell-

cell and cell-matrix interactions (Carpenter et al., 1977; Vane and 

Feirrera, 1978; Reed and Clark et al., 1985; Kanzler et al., 1986; 

Falanga et al., 1988). 

Epithelialization and wound contraction play an essential role in closure 

of the wound defect. The wound surface becomes smaller due to a 

simultaneous outgrowth of epithelial cells and inward movement of the 

wound margins (Van Winkle, 1967; Ross, 1969; Montandon et al., 

1977; Clark, 1985; Kanzler et al., 1986; Wijdeveld, 1987a,b; Falanga 

et al., 1988). 

Two to three days after wounding, the wound begins to contract, 

usually proceeding for 10 to 20 days, depending on shape and location 

of the wound. Contraction of skin wounds progresses normally at a rate 

of approximately 0.6 to 0.7 mm/day. Skin exhibits more wound con

traction than mucoperiosteum (Abercrombie et al., 1954; Van Winkle, 

1967; Olin et al., 1974; Montandon et al., 1977; Kanzler et al., 1986). 

It seems that for the rate and the amount of wound contraction, the 

form of the wound defect is more important than its size, for rectangu

lar or stellate defects contract quicker and more complete than round 

wounds. 
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Abercrombie et al. (1954) performed the first studies on wound con

traction in which contraction was actually quantified. They used a 

tattoo technique, whereby tattoo points were placed on wound margins 

of skin defects in rats. They concluded that significant contraction had 

only occurred during the first 5 days after the operation. 

The same experimental set-up has been used by Olin et al. (1974). They 

quantified wound contraction of palatal excision wounds in Beagle dogs 

and reported a convergence of the wound margins for 20 days, while in 

the control group the tattoo points diverged. Kahnberg and Thilander 

(1982) showed most reduction of the wound surface in excisional 

wounds on the rat palate between the 7,h and 10th day. 

Recent investigations on wound contraction after palatal surgery at 

different ages in Beagle dogs using the tattoo technique, demonstrated 

that contraction was restricted mainly to the first week after operation. 

Furthermore, more contraction was found in older age groups than in 

the youngest one (Wijdeveld et al. 1987a). They also studied contrac

tion using metallic implants near the wound margins in the deeper layers 

of the mucoperiosteum. Results indicated that contraction was restric

ted to the first two experimental weeks (Wijdeveld, 1988). It was 

shown that shortly after operation, wound contraction was mainly 

responsible for the reduction of the wound areas but later on epithelial 

cell proliferation was the predominant factor. 

Myofibroblasts (Gabbiani and Ryan, 1971) in the granulation tissue are 

supposed to play a role in wound contraction (Gabbiani et al., 1972; 

Ryan et al., 1974; Madden et al., 1974; Squier and Kremenak, 1980; 

Gabbiani, 1981; Squier et al., 1983). 

Fundamental research carried out by Gabbiani and Ryan (1971) demon

strated the presence of myofibroblasts in granulation tissue on different 

sites in rats. These typical fibroblasts have been characterized ultrast-

ructurally by the presence of bundles of oriented filaments, containing 

actin as in smooth muscle cells. Strips of granulation tissue from 

animals (Madden et al., 1974; Gabbiani et al., 1972) or humans (Ryan 

et al., 1974) tested pharmacologically with smooth muscle antagonists 

showed an inhibited contraction. Myofibroblasts show specialized 

junctions as desmosomes and gap junctions connecting them to other 

(myo)fibroblasts. These cell-to-cell attachments allow the myofibroblasts 
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to pull upon one another during their migration over the newly formed 

extracellular matrix and transmit contraction from cell to cell. These 

cells are distributed throughout the wound and are not concentrated at 

the edges of the contracting wound. 

It is likely that these myofibroblasts have differentiated from the more 

conventional tissue fibroblasts and act as contractile cellular elements of 

granulation tissue (Gabbiani and Ryan, 1971; Gabbiani, 1981; Boya, 

1988). In fibroblasts which migrated into the wound, initially no actin 

was observed but it was demonstrated at the time collagen formation 

had begun (Dabelsteen and Kremenak, 1978; Squier and Kremenak, 

1980) The differentiation of myofibroblasts, being most frequently 

observed in 7 to 15 days old wounds, seems to coincide with maximum 

contraction of the wound margins. After this period the amount of 

myofibroblasts decreased (Dabelsteen and Kremenak, 1978; Squier et 

al., 1983). It was also demonstrated that the actin-rich cells were most 

frequently observed in the periosteal layer of the mucoperiosteum, 

suggesting a greater amount of wound contraction in this layer (Dabel

steen and Kremenak, 1978). This is in contrast with more recent 

findings showing that more wound contraction is found in the mucosal 

layer than in the deeper, periosteal layer of the mucoperiosteum (Wijde-

veld et al., 1987a,b). 

2.4 The remodeling phase 

After 2 weeks a continuous layer of epithelial cells is formed. Migrated 

epithelial cells meet in the center of the wound, they form desmosomal 

attachments and normal morphology and the normal functions are 

restored (Reed and Clark, 1985; Kanzler et al., 1986). However, the 

epithelium is still thin, not keratinized and only few villi are present 

(Ross, 1969; Fejerskov, 1972; Montandon et al., 1977; Wijdeveld, 

1988). The remodeling phase starts from 2 weeks after wounding on 

and represents a dynamic equilibrium between the synthesis of new, 

and resorption of old collagen (Ramachandran and Reddi, 1976; (Car

penter et al., 1977; Kanzler et al., 1986; Falanga et al., 1988). It is 

during this stage that the original type III collagen gel, synthetized in the 
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first week of wound healing, is replaced by a more stable interwoven 

type I collagen as mentioned in the proliferative stage (Vane and Feirre-

ra, 1978; Kanzler et al., 1986; Falanga et al., 1988). The total amount 

of collagen reaches a maximum 2 to 3 weeks after wounding. Simulta

neously, random oriented thin collagenous fibres reassemble into thick 

bundles by cross-linking resulting in an increase of medium sized and 

coarse fibres, and a decrease in the number of thin, collageneous fibres. 

(Ramachandran and Reddi, 1976; Searls et al., 1979). 

Collagen resorption is tissue-specific and regulated by collagenases and 

lysosomal proteases. Before these enzymes can exert their activity, 

auxiliary enzymes, such as hyaluronidase, must expose the fibrils, 

removing other noncollagenous substances (proteoglycans and glycop

roteins) which are associated with collagen in connective tissue (Rama

chandran and Reddi, 1976; Carpenter et al., 1977; Kanzler et al., 

1986). Water and glycosaminoglycans are gradually lost from the 

wound, leading to compression of the collagen fibres. Closer approxima

tion of the fibres allows increased cross-linking by covalent bond 

formation, lending more stability to the collagen fibres (Carpenter et al., 

1977; Reed and Clark, 1985; Kanzler et al., 1986). Remodeling also 

results in reorientation of the fibre alignment in the scar tissue. Those 

collagen fibrils which escape degradation by collagenases are generally 

those which are initially laid down parallel to the lines of tension (Kan

zler et al., 1986). There is a progressive increase in the tensile strenght 

for the wound for up to 1 year or more. This increase, although steady 

and progresssive, produces a tissue which never possesses more than 

80 % of its original strenght. In fact, at 2 weeks after wounding, the 

wound has regained only 5% of its original strenght, increasing to 40 % 

after 1 month (Falanga et al., 1988). With the gradual removal of the 

fibrinous clot and its replacement by collagen and other extracellular 

matrix components, a progressive decrease in the synthetic and meta

bolic activity of the fibroblasts is evident. This is accompanied by a 

decrease of vascularization and the number and size of fibroblasts. The 

diminished vascularization leads to the disappearance of the majority of 

vessels resulting in the typical pale appearance of scar tissue (Vane and 

Ferreira, 1978; Searls et al., 1979; Clark, 1985; Reed and Clark, 1985; 

Falanga et al., 1988). 
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Wound healing and maxillary growth after 

palatal surgery : animal studies 

3.1 Introduction 

Using animal models, investigators must not only be aware of the 

limitations of such models but they must also realize that the choice of 

animal might have a pronounced effect on their findings. Which animal 

model is best for evaluating the effects of various surgical procedures 

on craniofacial growth depends on factors such as anatomical structu

res of the facial skeleton, presence, structure and position of the 

premaxilla and the type of dentition (Bardach and Kelly, 1988). In cleft 

palate research different kinds of animals and animal models have been 

used such as rodents, monkeys and dogs. In the next paragraphs a 

review of the different approaches in cleft palate research will be given. 

3.2 Combined hard and soft tissue palatal defects without surgical 

repair 

Since the breeding of mammals with standardized clefts appears to be 

impossible up to now, the principal experimental set-up in studies on 

the effect of the existence of a cleft itself on maxillary growth, has 

been the creation of a defect in the middle of the palate (Sarnat, 1958; 

Freng, 1979, 1981). The procedure involves extirpation of the mid-

palatal suture and overlying mucoperiosteum. Assessment of maxillary 

growth following such a procedure demonstrated conflicting results, 

probably because of the extensive trauma of creating such a cleft. 

Sarnat (1958) found no reduction in transverse palatal growth after 

resection of the left palatal shelf in monkeys. However, he does not 

report any measurements and apparently this results were obtained by 
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subjective judgement. These results are in contrast with Freng (1979, 

1981) who reported a 50% reduction in transverse maxillary growth 

after resecting the mid-palatal area in cats. These results were obtained 

from measurements on standardized radiographs. In another study using 

cats, the mid-palatal, vomeromaxillary and vomeropremaxillary sutural 

system were resected. The defect was left open to heal and growth 

was radiographically evaluated. Also in this study, transversal maxillary 

growth was reduced. Mid-facial development in the sagittal plane, 

however, was not effected (Freng, 1981). 

3.3 Combined hard and soft tissue palatal defects with surgical repair 

In most studies, artificially created palatal defects were subsequently 

repaired. The principal intent of these studies was to evaluate the 

growth of the maxilla following repair of the palate. 

Findings presented by Bardach et al. (1979, 1982) demonstrated that 

two-flap palatoplasty performed after creation of a palatal cleft in 

rabbits and Beagle dogs caused no overall facial growth inhibition. In 

these studies three different groups of animals were used namely 

control animals without any surgery, animals with surgically created but 

unrepaired palatal clefts, and animals with surgically created clefts and 

subsequent repair using a two-flap palatoplasty. Direct measurements 

on dried skulls revealed that palatal repair does not inhibit overall facial 

growth as compared to unrepaired control animals. The causal mecha

nism for these findings was attributed to new bone formation in the 

palatal defect after surgery (Bardach et al., 1979, 1982). Comparison 

between new bone formation in surgical created unrepaired and repaired 

defects in Beagle dogs showed significantly greater new bone formation 

in the latter one. It was concluded that two-flap palatoplasty stimulated 

significantly new bone formation whether surgery was performed 

immediately or four weeks after creation of the palatal cleft (Bardach et 

al., 1989). This was also found by Barro and Latham (1981) who 

demonstrated regenerative capacity of the palatal shelfs after resection 

of palatal bone and subsequent palatal repair. The use of two-flap 

palatoplasty to close artificially created palatal defects was considered 
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to be preferable to Von Langenbeck's procedure. The most severe 

craniofacial growth aberrations occurred among animals whose palatal 

defects were closed using a single mucoperiosteal flap thus exposing a 

wide area of denuded bone in the lateral parts of the palate. Craniofacial 

growth aberrations in the two-flap palatoplasty group were not signifi

cant (Bardach and Kelly, 1989). Apparently, the denuded bony areas 

also play a role in growth aberrations after palatal surgery. 

Using the same experimental set-up in Beagle dogs Bardach et al. 

(1988) found that simultaneous repair of lip and palate was more 

detrimental to overall facial growth than lip and palate repair performed 

as separate surgical procedures. 

Meyer and Prahl (1978) compared a mucoperiosteal flap (Von Langen-

beck) procedure to a bone flap (Oieffenbach technique) closure in Beagle 

dogs with an artificially created cleft palate. Skull radiographs and 

maxillary dental casts showed definite abnormalities following both 

procedures; there were strong indications that the bone flap procedure 

was the more detrimental one. 

It must be concluded that the extensive trauma caused by the artificially 

created bony clefts performed in the above mentioned studies, has an 

influence on maxillary growth after surgical repair. Therefore, it seems 

obvious to avoid the extensive trauma caused by artificially creating a 

cleft and to study the effect of denudation of palatal bone after surgery 

on maxillary growth and development in an experimental set-up in 

which only a soft tissue palatal defect is created. 

3.4 Soft tissue palatal defects 

The presence of a bony palatal cleft is not essential to evaluate the 

effects of palatal surgery, since closure of palatal clefts in the clinical 

setting nowadays is achieved by mucoperiosteal manipulation alone and 

not by osseous surgery (Kremenak and Searls, 1971, Kremenak, 1984; 

Millard, 1980; Wijdeveld, 1988). 

Classical experiments in this field have been carried out in dogs by 

Herfert (1958). Surgery was performed at the right side of the palate. 

Mucoperiosteum was elevated from the underlying bone and repositio-
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ned. The posterior palatine artery was ligated and laterally a strip of soft 

tissue was removed. The left side of the palate served as a control. He 

noticed a 23% reduction in transversal dimensions of the bony palate at 

the right side, as compared to the left, (control) side on dry skulls. If the 

mucoperiosteum was mobilized and subsequently repositioned without 

(¡gating the posterior palatine artery. No influence on transverse growth 

was found. Hence, he concluded that ligation of the posterior palatine 

artery had a negative influence on transverse maxillary growth. 

Kremenak et al. (1967, 1970b) replicated and extended these studies. 

Casts and dry skulls revealed that temporary elevation of mucoperiost

eum per se, or interruption of the posterior palatine artery per se are not 

important as maxillary growth inhibiting variables. Probably denudation 

of palatal bone adjacent to the teeth is the surgical variable responsible 

for subsequent maxillary growth disturbances (Kremenak et al., 1970a, 

1970b; Kremenak and Searls, 1971). 

The experimental design used by Kremenak has important limitations. 

Surgery is only performed on one side of the palate and the effect on 

operated and unoperated sides was compared mutually and, occasional

ly, with a control group. An unilateral procedure can have an effect on 

the growing tissues of the contralateral side as well. Furthermore, 

examinations on dental casts were based on measurements between 

posterior teeth and the mid-palatal raphe whose position could be 

affected by the surgery. 

It can be concluded from these experiments that the scar tissue which 

develops in the former denuded bony areas might be a causal factor in 

the impairment of maxillary growth and dento-alveolar development. 

Therefore, research in this field should be focused on scar tissue and 

the way to manipulate its formation. 

3.5 Manipulation of the healing process 

If the presence of scar tissue would result in diminished postsurgical 

maxillary growth, than the question can be posed, what can be done to 

promote a more favorable growth ? 

Until! now redesigning of surgical techniques, grafting procedures, 

30 



changing timing of surgery, tissue expansion, treating wounds with 

various dressings, membranes, and agents, and laser irradiation have 

been investigated in clinical, animal and in vitro experiments. 

3.5.1 Redesign of surgery 

Techniques of hard and soft palate repair all consist of mobilization and 

displacement of palatal and or nasal soft tissue flaps. In humans no 

major differences were found between these techniques with respect to 

facial growth (Ross, 1987b) and velopharyngeal competence, hearing or 

speech (Witzel et al., 1984). It was concluded that the less soft tissue 

manipulation, the more favourable it was to facial growth. However, the 

surgical technique seems of lesser importance than the surgeon who 

performs it (Ross, 1987a,b). Changing of surgical procedures was based 

on observations that wounds which involved the lateral aspect of the 

alveolar ridge showed less wound contraction than those that were 

entirely on the hard palate . In Beagle dogs a ridge-flap procedure, in 

which alveolar mucosa was mobilized over the dental arch towards the 

palate resulted in significantly better maxillary growth than the traditio

nal palatoplasty designs (Kremenak et al., 1983). 

Based on the hypothesis that wound contraction plays a major role in 

maxillary growth inhibition, in further experiments periodic surgical 

severence of the wound margins from the underlying bone was carried 

out in Beagle dogs (Kremenak, 1984). The objective was to decrease 

wound contraction. After surgery the wound margins converged as 

usual for a few days but then rapidly diverged after severence as in 

unwounded tissue. The adjacent deciduous molars continued their 

normal lateral eruption. 

3.5.2 Grafting procedures 

It has long been known that wound contraction in skin wounds can be 

reduced or eliminated by grafting procedures (Van Winkle, 1967; 

Montandon et al., 1977). 

The effect of autogenous skin and epithelial grafts on the contraction of 

experimental oral wounds in the buccal mucosa in dogs showed that the 
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grafted sites contracted less than the control wounds which were left 

open to heal by secondary epithelialization (Kaspar and Laskin, 1983; 

Wakefield and Dismukes, 1983). 

Healing of surgically created palatal defects and subsequent maxillary 

growth, with and without skin grafts, was studied by Jonsson and 

Hallman (1980). The grafted sites contracted less than the non grafted, 

control sites. Transverse maxillary growth, studied on dried skulls, was 

inhibited in the non grafted, control sites indicating that wound contrac

tion would result in maxillary growth inhibition. However, there are 

some problems to obtain an appropriate graft; often the defect is too 

large to close it with a single graft, or there are problems in wound 

healing of the donor site, or the graft is not of the same tissue as the 

recipient site. 

Therefore, it can be concluded that grafting procedures, although they 

probably have a beneficial effect on wound contraction of open wounds 

and presumably on maxillary growth, still are hampered by technical 

difficulties. 

3.5.3 Timing of palatal surgery 

In humans, the choice for the time of palatal surgery is considered as a 

compromise between speech and growth requirements. 

Early repair of the soft palate for speech requirements, combined with 

delayed repair of the hard palate for reduced growth inhibition was 

advocated by Schweckendiek (1978). He delayed hard palate repair 

until the adolescency. Hotz and Gnoinsky (1976) and Perko (1979) 

delayed hard palate repair until the early mixed dentition. 

Delaying hard palate repair is based on the assumption that the more 

growth already has occurred, the less growth remains to interfere with. 

Several authors opposed this theory and concluded that there has been 

no evidence for the improvement of growth by delaying surgery for 

several years (Witzel et al., 1984; Blijdorp and Egyedi, 1984). 

Animal studies performed by Wijdeveld (1988) on palatal surgery at 

different ages in Beagle dogs revealed that surgery performed before or 

during the transition of teeth resulted in maxillary growth inhibition 

while delay of surgery until the transition of teeth was completed, 
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favoured normal maxillary growth and development. One of the findings 

was that the scar tissue in the former denuded bony areas was firmly 

attached to the underlying bone by means of Sharpey's fibres which 

could be of importance in palatally guidance of teeth during eruption. 

It must be concluded that the controversy among clinicians concerning 

the most appropriate timing of palatal surgery still exists. Speech 

development and growth are the most critical variables. 

3.5.4 Tissue expansion 

Repair of difficult reconstructive problems or large defects accompanied 

with shortage of available tissue, can be enhanced by the use of free 

grafts or the advancement and/or rotation of local soft tissue flaps. 

Another possibility is to gain tissue by means of tissue expansion. This 

is a technique using a silicone balloon or expander, usually implanted 

under the subcutaneous fat and above the deep fascia so that the 

overlying tissue can be streched or growth can be stimulated. With the 

extra tissue gained, an adjacent defect can be closed. 

It provides coverage for both the donor and the recipient site, thereby 

eliminating problems with the donor site. Furthermore, it allows covera

ge of the defect with tissue similar to that which was originally present 

in the defect (Van Rappard et al., 1988; Madison, 1989). 

Few experimental data are available concerning the use of tissue 

expansion in combination with palatal surgery. Preliminary results of 

subperiosteal palatal tissue expansion performed in domestic cats 

carried out by Van Damme et al. (1991a,b) showed that a fair soft 

tissue gain can be attained but erosion and necrosis of the overlying 

tissues, especially in scarred tissues, are quite common. Furthermore, 

the tissue expander causes resorption of the underlying bone. From 

these preliminary results it can be concluded that lack of sufficient 

tissue to close the palatal defect could be overcome with tissue expan

sion but specific attention should be paid to the long term effect on the 

bone and the effect of the streched tissue on maxillary growth and 

dento-alveolar development. 
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3.6 Treatment of wounds 

Treatment of wounds to modify wound healing in order to promote 

normal maxillary growth was investigated in several studies. Different 

methods have been advocated; application of biological dressings, 

biocompatible membranes, pharmacological agents and Low Level Laser 

Therapy have been investigated mostly in animal studies to stimulate 

wound healing. 

3.6.1 Biological dressings 

Dressings are often used in periodontology to enhance wound healing. 

However, the value of periodontal dressings and their effects on wound 

healing have been questioned (Farnoush, 1978; Sachs et al., 1984; 

Mertz et al., 1985). 

Denuded bone can be protected from further injury by a dressing during 

the early phase of healing and thereby minimizing postoperative discom

fort. On the other hand periodontal dressings promote bacterial coloni

zation of the surgical site which may delay healing. Antimicrobial 

properties of dressings are of questionable value in postoperative care; 

the assumed beneficial effects must be weighed against the potential 

for allergy, sensitization or alteration of the oral environment (For a 

review see Sachs et al., 1984; Farnoush, 1978). 

The effect of dressings on the regeneration of palatal mucosa was 

investigated after palatal surgery in Beagle dogs and monkeys (Kreme

nak et al., 1970c; Ogata et al., 1990). Palatal surgery performed in 

Beagle dogs involved denudation of palatal shelf bone adjacent to the 

right deciduous molars only. A strip of mucoperiosteum approximately 4 

mm wide and 25 mm long was removed. Subsequently, the denuded 

bony areas were covered with intra-oral bandage (Orahesive"). Clinical 

examination revealed a normal wound healing in the palatal mucosa in 

dogs. The intra-oral bandages, however, had no beneficial effect on 

dento-alveolar development, as was shown on dental casts (Kremenak 

et al., 1970c). 

Ogata et al. (1990) investigated the healing of palatal soft tissue 

defects using dressing materials in monkeys. Defects were created 
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measuring 10 mm on both sides of the palate. One side of the palate 

received a Chitin membrane or a lyophilized dura mater (Lyodura) as a 

dressing while on the control side the bone was left denuded. Healing 

responses were measured quantitatively and histologically at 1, 3 and 5 

weeks after surgery. Both bandages used as dressing material, protec

ted the denuded bony palatal defects. Results indicated more collagen I 

and III production in the experimental sites than in the control sites 3 

weeks after surgery. Furthermore, keratin production and effective 

regeneration of the palatal mucosa was promoted. However, no asse-

sment of maxillary growth was carried out in this study. 

From these studies it can be concluded that dressings can be beneficial 

for patients comfort during wound healing but in most cases bacterial 

colonization is promoted. No beneficial effects on maxillary growth and 

development can be expected from these dressings. 

3.6.2 Biocompatible membranes 

In the oral environment biocompatible membranes are used in periodon-

tology and in dental implantology to enhance "guided tissue regenerati

on" (Gottlow et al., 1986; Blumenthal, 1987; Nyman et al., 1987; 

Magnussen et al., 1988). The membranes are inserted between bone 

and mucoperiosteum to enable periodontal ligament cells to establish 

attachment. In the mean time, epithelial cells which migrate in a faster 

rate, are prevented from apical migration. In this way interference of 

periodontal ligament cells and epithelial cells is prevented. Different 

kinds of materials are used such as Teflon (Gottlow et al., 1986), 

collagen (Blumenthal, 1987) and poly-(L-lactic) acid (Magnussen et al., 

1988). 

Biocompatible membranes can also be used in grafting procedures. 

Collagen-glycosaminoglycan/Silastic bilayer membranes and polyetherur-

ethanes may have a value as dermal and mucosal substitutes, especially 

when wounds are too extensive or autogenous mucosal and cutaneous 

grafts are not available (Bertolami et al., 1988; Bruin et al., 1990). 

Bertolami and co-workers (1988) investigated if these membranes could 

be used as a matrix for cultured autogenous fibroblasts to enhance 

wound healing in surgically created skin and oral mucosal wounds in 
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rabbits. Cutaneous wounds succesfully incorporated these grafted 

membranes and were significantly inhibited in their rate and extent of 

wound contraction. This indicated that these membranes may have a 

value as dermal substitutes. In buccal mucosa wounds, however, these 

membranes were exteriorized rather than incorporated. 

Cutaneous wounds covered with polyetherurethane in guinea pigs 

succesfully demonstrated accelerated epithelialization underneath the 

membrane (Falanga et al., 1988; Bruin et al., 1990). 

It can be concluded that biocompatible membranes might improve 

wound healing in situations where a shortage of soft tissues exists e.g. 

after palatal surgery. However, experimental data on the use of these 

biocompatible membranes after palatal surgery are still lacking. 

3.6.3 Pharmacological agents 

Most investigations on the effects of pharmacological agents on wound 

healing and contraction, are based on the assumption that myofibro

blasts are responsible for wound contraction (Gabbiani and Ryan., 

1971; Gabbiani, 1981; Ryan et al., 1974; Kremenak et al., 1976). 

Wound contraction of full-thickness skin wounds in rabbits was inhibi

ted significantly by local application of Trocinate, a smooth muscle 

antagonist (Madden et al., 1974). This is in agreement with studies 

performed on granulation tissue of rats (Gabbiani et al., 1972; Ryan et 

al., 1974). These studies demonstrated that isolated strips of granulati

on tissue respond in vitro to pharmacological agents in a manner 

comparable to smooth muscle cells. 

Stimulation of wound healing by growth factors was mainly investigated 

in animal models and showed promising results (Laato et al., 1986; 

Falanga et al., 1988; Dutrieux et al., 1989). Analysis of developing 

granulation tissue in skin wounds created in rats after locally applied 

epidermal growth factor (EGF) revealed an increase of epithelial cells 

and fibroblasts and a stimulation of collagen and glycosaminoglycans 

synthesis. 

Other growth factors such as platelet derived growth factor (PDGF) and 

fibroblast growth factor (FGF) stimulate fibroblasts and epithelial cells to 

migrate over the fibrin-fibronectin matrix from the wound margins to the 
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centers of the wound area (Falange et al., 1988; Dutrieux et al., 1989). 

Pharmacological agents and more specific growth factors might be 

promising agents in promoting wound healing but there are still too 

many unknown variables in their working mechanism. Much research 

has to be carried out before they can be used clinically after palatal 

surgery. 

3.6.4 Low Level Laser Therapy 

The effects of laser irradiation on tissue depend primarily on the wave

length, power delivered per unit area of tissue, and duration of exposu

re. At wavelengths of less than 450 nm, the effects are predominantly 

photochemical. In this wavelength region, chemical changes may be 

produced directly by the laser beam. At longer wavelengths, thermal 

effects predominate, resulting in coagulation and vaporisation. The Low 

Energy or Low Level Laser is a low power laser which emits in the 

visible or near infrared region of the spectrum (Kert and Rose, 1989). 

The wavelength is longer than that likely to produce a direct photoche

mical effect and the power is too low to have any thermal consequen

ces (Anneroth et al., 1988; Strang et al., 1988). 

Low Level Laser Therapy is already clinically used in physiotherapy, 

periodontology, traumatology and inflammatory aspects of wound 

healing (Kert and Rose, 1989, Yamamoto et al., 1989). 

The mode of action is not yet clear but wound healing would be stimu

lated by increased collagen production, both in vitro (Abergel et al, 

1987) and in vivo (Mester and Jaszsagi-Nagy, 1973). Lyons et al. 

(1987) speculated that increased crosslinking of existing collagen 

molecules and improved organization of functional collagen fibers might 

be the result of Low Level Laser irradiation. 

Influencing wound healing with Low Level Laser Therapy was first 

described by Mester et al. (1969) who demonstrated a more rapid 

wound healing of artificially created wounds in mice. The majority of 

animal studies on the effects of Low Level Laser irradiation on wound 

healing have been carried out in rodents and pigs (Porteder et al., 1983; 

Hunter et al., 1984; Anneroth et al., 1988; Takeda, 1988). These 

studies give conflicting results which might be caused by differences in 
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experimental design. In several studies, for instance Hunter et al. (1984) 

and Anneroth et al. (1988), experimental and control sites were studied 

in the same animal. According to Braverman et al. (1989) Low Level 

Laser Therapy can have a systemic effect and so the experimental as 

well as the control site in the same animal can be affected. This makes 

conclusions from this type of experiments questionable. 

The great variation in choice of experimental animal, the type and size 

of the wound, the method of data assesment and also the irradiation 

conditions result in the fact that even after 20 years of research, the 

role of biostimulation in wound healing has not been esthablished 

(Strang et al., 1988). 

We must conclude that the effect of Low Level Laser Therapy on 

wound healing is still unclear. Furthermore, no data are available to 

what extent wound contraction is decreased by the use of Low Level 

Laser Therapy. 

3.7 Aim of the study 

Results of several studies demonstrated a significant relationship 

between wound healing and subsequent growth of hard and soft 

tissues. At the depaament of Orthodontics and Oral Histology and at 

the department of Maxillo-Facial Surgery, several studies have been 

carried out or are in progress in this field. 

Different timing of palatal surgery and its influence on maxillary growth 

and dento-alveolar development was investigated in Beagle dogs (Wijde-

veld, 1988). 

A study on the effect of palatal surgery in combination with tissue 

expansion on maxillary growth and dento-alveolar development in 

domestic cats, is in progress now (van Damme et al., 1991a,b). The 

purpose of the present study is to evaluate the use of biocompatible and 

biodegradable membranes or Low Level Laser Therapy after palatal 

surgery in Beagle dogs. 
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Abstract 

The purpose of this study was to develop a poly-(L-lactic) acid (PLLA) 

membrane to inhibit the formation of Sharpey's fibres. This was achie

ved by means of an immersion precipitation process. 

The PLLA was purified by precipitation of a solution in dichloromethane 

into methanol. A 5% w/w PLLA solution in a mixture of chloroform and 

toluene (60/40 w/w) was prepared and films with a thickness of about 

100 ;/m were cast on a glass plate using a Doctor's blade. After cas

ting, the films were immersed into a methanol bath to precipitate the 

polymer. The membrane was characterized with respect to molecular 

weight, microstructure, and thermal properties. 

Precipitation of the membrane gave a viscosity-average high molecular 

weight of 220 kg/mol indicating no degradation during the production 

process. An homogeneous highly porous structure with interconnected 

pores measuring 0.5 μνη to 1 //m was obtained and the heat of fusion 

and melting temperature were 50.7 J/g and 184 0 C respectively. 

Introduction 

Prevention of the anchorage of the scarred mucoperiosteum to the 

underlying bone after palatal surgery (Wijdeveld et al., 1991) might be 

beneficial to the transverse maxillary development as described previ

ously. This goal might probably be achieved by the insertion of a 
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biocompatible membrane between the mucoperiosteum and the palatal 

bone to prevent the development of Sharpey's fibres. 

In periodontology and in dental ¡mplantology different biocompatible 

membranes are used in the oral environment (Gottlow et al., 1986). 

Teflon membranes (Gore-Tex", Millipore") have the disadvantage that 

they have to be removed in a second procedure since this material will 

not be resorbed by the host (Nyman et al., 1987). Collagen membranes 

resorb after two to three weeks (Blumenthal, 1987) which seems to be 

too fast to investigate the effect on dento-alveolar development. A 

study on the influence of poly-(L-lactic) acid membranes and teflon 

membranes (Millipore") on so-called "guided tissue regeneration" favou

red the use of poly-(L-lactic) acid as membrane material (Magnusson et 

al., 1988). Poly-(L-lactic) acid can withstand cellular ingrowth, it is 

highly biocompatible and it is biodegradable which means that a second 

procedure to remove the membrane can be avoided (Fleisher et al., 

1988). The resorption period of poly-(L-lactic) acid membranes can be 

modified by changing molecular weight, thickness and copolymer 

composition (Chawla and Chang, 1986; Gerlach and Eitenmüller, 1988). 

From a biocompatibility point of view, it seems favourable that the poly-

(L-lactic) acid membrane contains micropores to adapt to the biological 

environment since lack of micropores seems to induce the differentiati

on of tumor like cells (Williams and Roaf, 1973). The micropores should 

be approximately 1//m allowing nutrient fluid to pass through, but 

preventing the transmission of fibroblasts, which measure 2-3 //m in 

width. 

Disturbances in maxillary arch dimensions after palatal surgery in Beagle 

dogs seem to become apparent during and after the transition of teeth 

(Wijdeveld et al., 1989). Therefore, the poly-(L-lactic) acid membrane 

should remain intact until the transition of teeth has finished. Since 

surgery in Beagle dogs is performed as the deciduous dentition is com

pleted, at approximately 12 weeks of age, it should take at least 12 

weeks before biodégradation of the membrane starts. 

Another requirement should be that the membrane is easy to handle. 

This can be accomplished by choosing a certain combination of molecu

lar weight and thickness (Chawla and Chang, 1986; Gerlach and 

Eitenmüller, 1988). 

48 



The aim of the present study is to develop such a poly-(L-lactic) acid 

membrane with suitable properties to prevent rigid attachment of the 

scar tissue to the underlying bone after palatal surgery. 

Materials and methods 

Materials 

Poly-(L-lactic) acid (PLLA) was purchased from CCA Biochem b.v., 

Gorinchem, The Netherlands and purified by precipitation of a solution in 

dichloromethane into methanol. The polymer was subsequently air dried 

and dried in vacuo at 40 0C for 24 hrs. The viscosity-average molecular 

weight M v of the purified PLLA (220 kg/mol) was determined by visco-

metry (Schindler and Harper, 1979). Thermal analysis of the PLLA was 

performed using a Perkin Elmer DSC Ί, operated at a scan speed of 10° 

C/min. The heat of fusion and the melting temperature as determined by 

Differential Scanning Calorimetry, were 30.5 J/g and 177 0 C respecti

vely. 

The solvents dichloromethane, chloroform, toluene, and methanol 

(Merck, Darmstadt, FRG), used in the purification of the PLLA and in the 

preparation of the membranes, were of analytical grade. 

Preparation of membranes 

In order to prepare flat membranes with a highly porous structure, a 5% 

w/w PLLA solution in a mixture of chloroform and toluene (60/40 w/w) 

was prepared at room temperature. From this solution, films with a 

thickness of 100 μπ\ were cast on a glass plate using a Doctor's blade. 

Immediately after casting the films were immersed into a methanol bath 

to precipitate the polymer. In this immersion precipitation process a 

membrane with a highly porous structure was formed (Strathmann, 

1979). After one hour of precipitation in the methanol bath the membra

nes were transferred to a fresh methanol bath in which the membranes 

were rinsed for 48 hours to remove all residual solvents and dried in 

vacuo at 40 0 C for 24 hours. 
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Analysis of the membrane 

The microstructure of the membrane was examined using a JEOL JSM 

35 CF scanning electron microscope, operating at 15 kV. 

The membrane was characterized with respect to molecular weight 

(viscometry) and thermal properties at the same conditions as described 

for the purified material. 

Results 

Membrane properties 

The mean thickness of the membrane was about 110 /mi. In figure 1, a 

cross-section of the membrane before implantation shows that an 

almost homogeneous porous structure was obtained. The pores in the 

membrane are extensively interconnected and have diameters in the 

range of 0.5 μητι to 1 ¿/m . 

Figure 1: Scanning electron micrograph of a cross-section of the microporous, biodegrada

ble PLLA membrane; χ 4000. 
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The surface of the membrane as shown in figure 2 contains small pores 

having diameters in the range of 0.5 μπι to 1 /лті and which are well 

interconnected with the pores in the deeper layers of the membrane. 

The viscosity measurements of the PLLA after purification and precipita

tion of the membrane gave a viscosity-average molecular weight of 220 

kg/mol. The heat of fusion and melting temperature were 50.7 J/g and 

184 0C respectively, which are within the range of the values common

ly reported for PLLA (Vert et al., 1989). 

Figure 2: Scanning electron micrograph of the surface of the membrane; χ 4000. 

Discussion and conclusions 

The viscosity-average molecular weight of 220 kg/mol of the provided 

PLLA membrane was the same as the molecular weight of the starting 

material. Obviously during the production of the membrane no severe 

degradation of the polymer has occurred. A pre-resorption period of 12 

weeks after implantation was required to prevent the formation of 

Sharpey's fibres. 
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At initial stages, the degradation of PLLA takes place predominantly in 

the amorphous regions by the autocatalytic process of hydrolysis 

(Leenslag et al., 1987; Helder, 1988). The rate of this process is 

governed by the concentration of carboxylic end groups, diffusion of 

fluids and exerted stresses after insertion of PLLA which results in a 

rapid loss of strength. At a later stage the remaining highly crystalline 

PLLA hydrolyses at a much slower rate (Leenslag et al., 1987). Therefo

re, in vitro as well as in vivo désintégration of a PLLA membrane having 

a high molecular weight (220 kg/mol) and a thickness of 110 μπ\, is 

considered to proceed slowly (Leenslag et al., 1987; Helder, 1988; 

Schakenraad et al., 1988). 

No significant differences are reported between in vivo and in vitro 

degradation of high molecular weight PLLA which excludes the assumed 

additional effect of enzymes (Leenslag et al., 1987; Helder, 1988; 

Schakenraad et al., 1988). However, dynamic loading of PLLA in vivo 

resulted in a more rapid decrease of mechanical properties attributed to 

a stress-cracking process (Leenslag et al., 1987). In their experiments 

signs of resorption had become evident 39 weeks after subcutaneous 

implantation of high molecular weight PLLA samples in the back of a 

rat. This implantation site could be considered to have relatively low 

load-bearing demands. 

With the techniques described in this study a PLLA membrane was 

developed which is considered to meet the requirements necessary to 

act as a temporary inhibitor of the development of Sharpey's fibres after 

palatal surgery in Beagle dogs, which might have beneficial effects on 

dento-alveolar growth and development. 
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Wound healing and wound contraction after 

palatal surgery and implantation of 

poly-(L-lactic) acid membranes in Beagle dogs 

Abstract 

The effect of implantation of poly-(L-lactic) acid membranes on wound 

healing and wound contraction after palatal surgery was investigated 

macroscopically in Beagle dogs. 

30 Beagle dogs were used, randomly assigned to two experimental 

groups (Group L and LM; both n = 12) and a control group (Group C; 

η = 6). At 12 weeks of age a soft tissue defect was created in the 

median region of the palate by excising a standardized elliptical mucope-

riosteal flap. This defect was closed according to the Von Langenbeck 

technique, leaving two areas of denuded bone. Immediately after 

surgery, poly-(L-lactic) acid membranes were implanted on the denuded 

bony areas in the animals of the LM group. In the L group no poly-(L-

lactic) acid membrane was used. Tattoo points were placed in the 

mucoperiosteum in all groups on opposite wound margins to quantify 

wound contraction. Standardized intraoral photographs were taken at 

regular intervals. Wound surface areas and weekly measurements of the 

distance between the tattoo points were calculated. 

Clinical wound healing was significantly retarded in animals of the LM 

group. Wound contraction was comparable in both experimental groups 

and was restricted to the first two weeks after surgery. Corresponding 

lateral migration of the tattoo points in the median region of the palate 

in these groups occurred in the first week after surgery, followed by 

wound contraction in the second week. 

57 



Implantation of poly-(L-lactic) acid membranes following palatal woun

ding in Beagle dogs had no beneficial short term effects on wound 

healing and contraction. 

Introduction 

Although primary surgery for cleft palate seems to have short term 

beneficial effects, later on disturbances in maxillary growth and dentoal-

veolar development are evident (Ross and Johnston, 1972; Witzel et al., 

1984; Ross, 1987a). These disturbances have been attributed to initial 

mucoperiosteal manipulation and subsequent wound contraction (Krem-

enak and Searls, 1971; Olin et al., 1974; Kremenak, 1984). Besides 

wound contraction, morphologic differences between the normal and 

the newly formed tissue in the denuded bony areas after palatal surgery 

also seem to play an important role in postsurgical growth disturbances 

(Searls et al., 1979; Wijdeveld et al., 1987). Quantitative characterizati

on of changes in contracting palatal wounds in Beagle dogs demon

strated a decrease in the population density of fibroblasts and an 

increase of medium sized and coarse fibers (Searls et al., 1979). Histo

logic evaluation of the tissue response to palatal surgery in Beagle dogs 

revealed that the scar tissue lacked elastic fibers and was anchored to 

the underlying bone by means of Sharpey's fibres. Furthermore, collage

nous fibres were mainly oriented in a transverse direction, while the 

periodontal fibres were fanning out into the scar tissue. This indicated a 

more firm and rigid type of tissue than the normal mucoperiosteum, 

presumably causing a disturbance in the stress pattern during the 

eruption of permanent teeth (Wijdeveld et al., 1991). Prevention of the 

firm attachment of scar tissue to the underlying bone might result in a 

more favorable transverse maxillary growth and development. This can 

be accomplished by use of a physical barrier between the scar tissue 

and the underlying bone. A variety of biocompatible barrier materials to 

prevent ingrowth of epithelial tissue into the dental pocket and allow 

migration of periodontal ligament cells to establish new attachment on 

the denuded root surface are described in literature, especially in perio

dontics (Gottlow et al., 1987; Blumenthal, 1987; Dahlin et al., 1988). 
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However, the majority of materials used in these studies, such as 

Teflon, are non-resorbable and require removal at some later time 

(Gottlow et al., 1987; Dahlin et al., 1988). An ideal barrier material 

would have no such requirement; instead, it should be resorbed at an 

appropriate time. Additionally, it should be easy to handle and should 

cause a minimal tissue reaction (Fleisher., 1988). Poly-(L-lactic) acid is a 

biocompatible material that meets these requirements (Brekke et al., 

1986; Hollinger and Schmitz, 1987; Magnussen et al., 1988). The 

resorption period can be modified by changing thickness, copolymer 

composition, and molecular weight. Furthermore, it is nontoxic and 

elicits minimal inflammatory response (Chawla and Chang, 1986; 

Gerlach and Eitenmüller, 1988). Short term effects of poly-(L-lactic) acid 

membranes on wound healing and wound contraction have to be 

investigated before long term effects can be studied. The aim of the 

present study was to evaluate wound healing and wound contraction 

qualitatively and quantitatively using a newly developed biodegradable, 

poly-(L-lactic) acid membrane (In de Braekt et al., 1991) on denuded 

bony areas after palatal surgery in Beagle dogs. 

Materials and methods 

Twenty-six Beagle dogs were randomly assigned to three groups, a 

control group (C) and two experimental groups (L and LM). Palatal 

surgery according to Von Langenbeck was performed in the experimen

tal groups (n = 12 and η = 8, respectively) at 12 weeks of age, i.e. after 

eruption of the deciduous dentition. The animals of the control group 

(n = 6) were also 12 weeks of age at the start of the experiment. 

Prior to surgery the animals were premedicated with 0.5 ml Thalamonal" 

(fentanyl 0.05 mg/ml + droperidol 2.5 mg/ml) and 0.5 ml atropine" 

(atropine sulphate 0.5 mg/ml). 

Subsequently, they were anesthetized with an intra-venous injection of 

15 mg/kg Nesdonal" (thiopental sodium 50 mg/ml). After intubation, 

anesthesia was maintained with Ethrane* (enflurane 15 mg/ml). 

The dentition and oral mucosa were cleaned with Chlorhexidine digluco-

nate 1 % in water followed by injection of lidocame hydrochloride 0.4 
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mg/ml with epinephrine 1:100,000 in the palatal mucoperiosteum to 

prevent excessive bleeding during operation. 

In both experimental groups a standardized elliptical soft tissue defect 

was created in the median region of the palate by excising a mucoperi-

osteal flap. This flap extended distally from the canines to the region of 

the hard palate distal to the deciduous second molars and had a width 

of one third of the transverse distance of the first deciduous molar. On 

both sides of the palate, relaxation incisions were made adjacent to the 

posterior teeth. Subsequently, the mucoperiosteum was mobilized and 

the soft tissue defect was closed at the midline, leaving two areas of 

denuded bone adjacent to the dentition (figure 1). For a detailed descrip

tion of the surgical procedure see Wijdeveld et al. (1987). 

In the control group no surgery was performed. 

Figure 1: Schematic drawing of the palate and the operation in groups L and LM. A 

mucoperiosteal flap was removed in the median region of the palate and two relaxation 

incisions were made. The remaining palatal mucoperiosteum was elevated, repositioned 

and sutured in the midline. Tattoo points (numbers 1 to 6) were placed near the wound 

margins. 

Poly-(L-lactic) acid membranes were manufactured by means of immer

sion precipitation. For a detailed description of the development of the 

poly-(L-lactic) acid membranes see Chapter 4. Prior to use, the poly-(L-

lactic) acid membranes were rinsed half a minute in Chlorhexidine 
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digluconate 1 % in water for disinfection, followed by half an hour in 

sterile physiologic saline. 

Immediately after surgery, the denuded bony areas in the animals of the 

LM group were measured and the poly-(L-lactic) acid membranes were 

cut to shape with a pair of scissors. Then the membranes were placed 

on the bone and moved underneath the wound margins for a few 

millimeters. The membranes were glued to the wound margins with 

HistoacrylR (cyanoacrylate) to prevent shifting during wound healing. 

After surgery, tattoo points were placed in the mucoperiosteum at a 

distance of about 1 mm from the wound margins on opposite sides of 

the denuded bony areas and on each side of the incision in the median 

region of the palate in the animals of both experimental groups (figure 

1). For this purpose a Hedström" file and Häuptner" Speziai Tätowierfar

be (blue tattoo paint) were used. The lateral defects were left open to 

heal by secondary epithelialization. In the control group tattoo points 

were placed at corresponding places on the palatal mucoperiosteum. 

All animals were medicated with 1 ml of Albipen" 15% (ampicillin 

anhydrate 150 mg/ml) and maintenance doses of 1 ml Albipen" LA 

(ampicillin anhydrate 100 mg/ml) the 2nd and 4 ,hday postoperatively. All 

animals received a normal diet after surgery. 

Wound healing was evaluated qualitatively every two days until wound 

healing was completed. Standardized intraoral photographs of the palate 

were taken in all animals at 0, 1, 2, 3, 5, 7, 10 and 13 weeks postope

ratively. A Nikon" F Body and a Medical Nikon" fixed focus lens (1:5.6, 

f = 200 mm) with an integrated ring flash and Kodak" Ektachrome film 

(200 ASA) were used. The reproduction ratio was 2/3. A plane intra 

oral mirror was placed behind the tuberosities of the maxilla at an angle 

of 45 degrees to the palate. Optimal sharpness was obtained by moving 

the camera and two exposures were made at each occasion. For each 

photograph the animals were premedicated with 0.5 ml Thalamonal" 

(fentanyl 0.05 mg/ml + droperidol 2.5 mg/ml) and 0.5 ml Atropine" 

(atropine sulphate 0.5 mg/ml) and anesthetized with an intra-venous 

injection of 15 mg/kg Nesdonal" (thiopental sodium 50 mg/ml). The 

error of the photographic procedure for the tattoo points and the wound 

surface areas was studied in five dogs at 0, 1, 2, 3 and 13 weeks 
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postsurgery. In these animals the measurements were performed five 

times at 5 minute intervals. The best of the two slides on each occasion 

was projected and enlarged (magnification lOx) to trace the centers of 

the tattoo points and the contours of the wound surface areas on 

transparant paper. Subsequently, they were digitized using an electronic 

measuring tablet (Hitachi" type HDG 11) which had a linear accuracy of 

0.2 mm. All tracings and measurements were carried out by two 

independent observers. For all further calculations the means of the 

measurements of the two independent observers were used. 

To determine the error of the tracing procedure and the measuring 

method, a longitudinal series of photographs of four dogs were traced 

and digitized by two observers. Pearson's correlation coefficients were 

calculated for the two independent observers regarding the increments 

of the three distances between the tattoo points and determination of 

the wound surface areas. 

Wound healing was quantified by calculating the weekly means and 

SEM of the wound surface areas for the two experimental groups until 

closure was completed. Mann-Whitney's non parametric statistical test 

for independent samples was used to test the hypothesis that the 

means are equal. To quantify wound contraction, weekly increments 

(mean and SEM) were calculated of the following distances (figure 1): 

В (bony areas): the sum of the distances between the opposite tattoo 

points on the wound margins of the denuded bony areas (1-2)+ (3-4); 

These distances were added to avoid an error due to possible shifting of 

the mobilized mucoperiosteum during the early wound healing. 

Τ (transverse width): the distance between the tattoo points (1-4) on 

the lateral wound margins. 

M (median region): the distance between the opposite tattoo points in 

the median region of the palate (5-6). 

The means and SEM of all groups were compared for each incremental 

period separately and for the overall incremental period using the 

parametric analysis of variance (ANOVA) to test the hypothesis that the 

three means are equal. Tukey's multiple comparisons test was carried 

out to explore the differences found between the three groups. 
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Results 

Reproducibility of the method 

The total error of the method is made up of an error of the photographic 

procedure, the tracing procedure, and a measurement error. The photo

graphic error reflects the reproducibility of positioning the camera with 

respect to the oral cavity of the dog. The error of the tracing procedure 

consists of an error due to inexact defining of the centers of the tattoo 

points on the transparant paper. The measurement error is due to 

inexact assessment of the centers of the tattoo points when digitizing 

and an inaccuracy of the measuring device. 

No significant systematic differences were found between the two 

independent observers for the three distances between the opposite 

tattoo points. The total error of about 0.2 mm was compared with the 

standard deviations of all incremental distances. 

It was concluded that the standard deviation was mainly determined by 

biologic variations and not by the total error. Pearson's correlation 

coefficients of the two independent observers for the means and SEM in 

all incremental periods of the three distances Β, Τ and M were 0.77, 

0.66 and 0.81, respectively. Pearson's correlation coefficient of the two 

observers for the means and SEM of the wound surface areas was 

0.81. Therefore, the accuracy of the method was considered to be 

acceptable. 

Wound healing: Clinical observations 

Wound healing in the animals in the LM group was retarded compared 

to that in the animals of the L group. 

In animals of the LM group, the membrane was covered with coagulum 

shortly after surgery. The same was true for the denuded bony areas in 

the L group. After two days, a yellow colored, fibrin-like granulation 

tissue had developed on membranes in the LM group and the denuded 

bony areas in the L group. The membrane could still be seen through 

the thin granulation tissue. The wound margins were somewhat swollen 
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and inflammatory signs were obvious in both groups. During the first 

week after surgery, the wound margins in both groups moved toward 

each other, which decreased the wound surface area. 

One week after surgery, the wound margins were still red due to the 

inflammatory reaction and the wound surface areas were decreased by 

wound contraction and connective tissue activity from the wound 

margins. It seemed that the connective tissue activity was more pro

nounced on the lateral side than on the medial side of the wound. 

The wound surface areas decreased over time and complete fusion of 

the margins occurred about two to three weeks after the operation in 

the L group. The fusion line was located medial to the centers of the 

former denuded bony area. In 7 of 8 animals in the LM group, however, 

complete fusion of the wound margins did not occur after two to three 

weeks. The margins were still somewhat swollen and inflammatory 

signs were present. It took about four weeks before wound healing was 

completed. Palatal rugae did not develop in the healed area in either 

group. 

Wound healing: Quantitative measurements 

Wound healing was quantified by calculating the weekly wound surface 

area (mean and SEM) of both experimental groups until wound closure 

was completed (table 1). Initially, the wound surface areas of group L 

and LM did not differ significantly. However, significant differences in 

the rate of wound closure were observed between the two groups for 

the remaining experimental periods. 

After the first week, the mean wound surface area decreased to about 

14% in the LM group versus 5% in the L group. In the second week, 

the area was 3% in the LM group versus almost complete wound 

closure in the L group. After four weeks, all wounds were closed 

completely. 
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Table 1: Wound surface areas in mm* (mean and SEM) of group LM and L. 

weeks p.о group LM group L significance 

η 

12 
12 
12 

12 
12 

mean SEM 

211.20 ± Θ.34 
29.08 ± 7.83 

б.51 ± 1.45 
1.29 ± 0 . 6 7 
0.00 ± 0.00 

η 

12 
12 
12 

12 
12 

mean SEM 

218.81 ± 9.31 
11.27 ± 2.34 

0.14 ± Ο.Οβ 
0.03 ± 0.03 
0.00 ± 0.00 

Wound surface areas of the experimental groups, LM and L in mm' (mean and SEMI until 

4 weeks p.o. Results of Mann-Whitney's test are given with level of significance for 

intergroup differences. 

ns Ρ > 0.05 

* 0.07 < Ρ £ 0.05 
* · Ρ S 0.01 

Wound contraction: Quantitative measurements 

The three distances between the tattoo points were measured periodi

cally to quantify wound contraction. 

Results are presented in tables 2, 3 and 4. The measurements (mean 

and SEM) of the three distances Β, Τ and M were plotted against the 

weeks postoperatively. 

Distance В (table 2, figure 2) showed that significant wound contraction 

occurred only in the LM group during the first week after surgery. No 

significant differences were observed between the two experimental 

groups for any period during the remainder of the experiment. 

The overall period from 0 to 13 weeks postoperatively showed signifi

cant differences between the control and LM group. In the LM group 

significant wound contraction was found, while in the control group the 

tattoo points moved away from each other. 

Apparently, no compensation by mucoperiosteal growth ocurred in the 

LM group following the 1 week period. Distance Τ (table 3, figure 3) 

showed no significant differences in the three groups for all increment 

periods. It increased gradually in all groups for all periods. 
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Table 2: Mean increments (mm/week) of distance B: 11-2) + 13-4). 

increment 
period 

8 

0-1 
1-2 
2-3 
3-5 
Б-7 
7-10 
10-13 

η 

8 
8 
β 

8 
θ 
6 
β 

group LM 

meen SEM 

-1 85 ± 0 21 
-0 63 ± 0 1Θ 
-0 13 ± 0 20 
0 02 ± 0 10 
0 05 ± 0 09 
0 11 ± 0 0 7 
0 11 ± 0 04 

η 

12 
12 
12 
10 
10 
10 
10 

group L 

mean SEM 

-1 12 ± 0 35 
-0 55 ± 0 28 
-0 1β ± 0 24 
0 1 8 ± 0 1 5 
0.12 ± 0 03 
0.10 ± ooe 
0.13 ± 0 05 

η 

6 
β 

β 

β 

β 

β 

β 

group С 

meen SEM 

-0 01 ± 0 0 9 
-0 08 ± 0 13 
0 1 6 ± 0 28 
0 1 4 ± 0 14 
0 03 ± 0 04 
0 0 2 ± 0 0 7 
0 1 6 ± 0 0 7 

ANOVA 

• » 

ne 
ne 
ne 
ne 
ne 
ne 

Tukev 

LM<C 

Overall increment in mm 

0-13 θ -2 96 ± 0 68 10 -1 00 ± 0 64 6 0 73 ± 0 60 LM<C 

Increments in mm/week (mean and SEMI of distance Bil-2) + (3-4). Experimental groups 

(LM and L) and the control group (C). Increment period 0-1 means: the increment period 

from 0 to 1 week p.o of age. Results of ANOVA test and Tukey's multiple comparisons 

test are given with the level of significance for intergroup differences. 

ns Ρ > 0.05 

0.01 < Ρ s 0.05 

· · Ρ ζ 001 

1.5 

1 

0.5 

0 

-0.5 

-1 

-1.5 

- 2 

increment in mm/week (mean and SEM) 

В (1-2) • (3-4) 

^ < - L M - 0 - L 

2.5-1 r ι 1 1 ι 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 β 9 10 11 12 13 14 15 
age (weeks p.o.) 

Figure 2: Distance B:(1-2) + (3-4). Increments m mm (mean and SEM) plotted against the 

age in weeks p.o. of the LM, L and С group. 
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Table 3: Mean increments (mm/week) of distance T: (1-4). 

increment 
period 

group LM group L group С ANOVA Tukey 

SEM SEM SEM 

0-1 
1-2 
2-3 
3-5 
Б-7 
7-10 
10-13 

8 0.0Θ ± 0.21 
8 -0.30 ± 0.21 
8 0.10 ± 0.22 
8 0.09 ± 0.10 
б 0.19 ± 0.14 
β 0.08 ± 0.10 
6 0.13 ± 0.08 

Overall increment in mm: 

0-13 β 0.67 ± 0.96 

12 
12 
12 
12 
10 
10 
10 

10 

0.84 ± 0.48 
0.07 ± 0.28 
0.05 ± 0.22 
0.21 ± 0.11 
0.30 ± 0.05 
0.12 ± 0.09 
0.08 ± 0.16 

1.33 ± 1.07 

6 
6 
6 
6 
β 

6 
6 

6 

0.79 ± 0.13 
0.29 ± 0.17 
0.33 ± 0.29 
0.26 ± 0.16 
0.18 ± 0.07 
0.15 ± 0.01 
0.08 ± 0.05 

2.98 ± 0.62 

ne 
ne 
ne 
ne 
ne 
ne 
ne 

ne 

-
-
-
-
-
-
-

-

Increments in mm/week (mean and SEMI of distance B:I1-2I + 13-4). Experimental groups 

(LM and L) and the control group (C). Increment period 0-1 means: the increment period 

from 0 to 1 week p.o of age. Results of ANOVA test and Tukey's multiple comparisons 

test are given with the level of significance for intergroup differences. 

ns Ρ > 0.05 

' 0.01 < Ρ S 0 . 0 5 

· * PS 0.01 

1.5 

1 

0.5 

0 

-0.5 

-1 

-1.5 

-2 

-2.5 

incremenl 

< 

in mm/week (mean and SEM) 

\l—Е^ ^ ч£ Й5С 

^ к* 

-

г — ι 1 г 

\ 

^ъ*/^^* 

äL 

ì=== 
*т і. -

¡ 1 1 1 

"~~~~—-Ы '̂ 

1 

Τ: (1-4) 

- * - L M 

τ 1 τ \ 

4 
—έ· 

*-

- 6 - с 

— г — — ι 1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
age (weeks p.o.) 

Figure 3: Distance T:(1-4I. Increments in mm (mean and SEM) plotted against the age 

in weeks p.o. of the LM, L and С group. 
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Distance M (table 4, figure 4) showed significant differences between 

the control and both experimental groups during the first two weeks 

after operation. 

The measurements for group L and LM were greater than for the control 

group in the first week after the operation. This indicated that the tattoo 

points were moving apart shortly after surgery. 

During the second week after surgery, negative measurements were 

found in group L and LM, while the control group showed a positive 

measurement in this period. No significant differences existed between 

both experimental groups for any time period. The overall measurements 

for the period from 0 to 13 weeks revealed no significant differences 

between any groups. 

Table 4: Mean increments tmm/week) of distance M: 15-61. 

increment group LM group L group С ANOVA Tukey 
period 

0-1 
1-2 
2-3 
3-5 
5-7 
7-10 
10-13 

η 

8 
8 
8 
8 
β 

6 
6 

mean SEM 

0 87 ± 0 1 6 
-0 16 ± 0 04 
-0 0 7 ± 0 06 
0 05 ± 0 03 
0 OB ±0 03 
0 09 ± 0 02 
0 03 ±0 02 

Overall increment in mm 

η 

12 
12 
12 
12 
10 
10 
10 

mean SEM 

1 04 ± 0 16 
-0 15 ± 0 03 
-0 01 ± 0 03 
0 01 ± 0 03 
0 04 ± 0 03 
0 03 ± 0 02 
0 08 ± 0 05 

η 

6 
6 
6 
6 
6 
6 
6 

mean SEM 

0 30 ± 0 06 
0 10 ± 0 04 
0 08 ± 0 03 
0 02 ± 0 02 
0 07 ± 0 04 
0 03 ± 0 02 
0 03 ± 0 03 

• Η 

• 

ne 
ne 
ne 
ns 
ne 

0-13 8 1 28 ± 0 21 10 0 62 ± 0 82 6 0 86 ± 0 10 ne 

Increments in mm/week Imean and SEMI of distance M:(5-6). Experimental groups ILM 

and LI and the control group 1С) Increment period 0-1 means: the increment period from 0 

to 1 week p.о of age. Results of ANOVA test and Tukey's multiple comparisons test are 
given with the level of significance for intergroup differences. 
ns Ρ > 0.05 

* 0.01 < Ρ S 0 . 0 5 

· · Ρ S 0.0? 

L M L > C 
LM.L<C 
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1.5 
increment in mm/week (mean and SEM) 

1 

0.5 

0 

-0.5 

-1 

-1 5 

-2H 

-25 

І . 

M (6-6) 

- X - L M ^ L 

—ι 1 1 ι 1 1 1 ' 1 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 
age (weeks ρ ο ) 

Figure 4: Distance Μ'(5-6). Increments in mm (mean and SEM) plotted against the age 

in weeks p.o. of the LM. L end С group. 

Discussion 

Wound healing and wound contraction after palatal surgery with subse

quent implantation of poly-(L-lactic) acid membranes in Beagle dogs was 

studied macroscopically. A non-cleft Beagle model was used since the 

presence of a bony palatal cleft was not essential for investigating 

wound healing. 

In the present investigation, clinical wound healing in the two experi

mental groups showed a comparable pattern. However, the wound 

healing process was delayed in the presence of poly-(L-lactic) acid 

membranes, which was also shown in a previous study (In de Braekt et 

al., 1991). This is in contrast with results from studies in which poly-(L-

lactic) acid membranes were used to guide new attachment formation 

on denuded root surfaces. In these studies wound healing was normal 

(Brekke et al., 1986; Fleisher et al., 1988; Magnussen et al., 1988). 

However, in these studies soft tissue flaps were sutured and immediate

ly covered the whole membrane surface whereas in our study, wound 
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contraction and epithelialization had to take place in order to close the 

wound over the membrane surface which obviously takes a longer time. 

The membranes were glued to the wound margins with cyanoacryiate. 

In a histological study on the behaviour of poly-(L-lactic) acid membra

nes implanted after palatal surgery in Beagle dogs it was shown that 

cyanoacryiate was present until 1 week after implantation. After this 

period no signs of cyanoacryiate were observed indicating that wound 

healing was not markedly influenced by cyanoacryiate (In de Braekt et 

al., 1991). 

A significant wound contraction in the LM group in the first week after 

surgery was predominantly attributed to lateral migration of the medial 

wound margins, presumably caused by the mobilized medial mucoperi-

osteal flaps. The same held true for the overall healing period. This 

indicated that significant movement of the tattoo points in the LM group 

during the first week postoperatively was not compensated by subse

quent extra mucoperiosteal growth. We must conclude that in the 

presence of poly-(L-lactic) acid membranes, wound healing was retarded 

despite the substantial amount of wound contraction that took place to 

reduce the wound surface areas. The presence of poly-(L-lactic) acid 

membranes and cyanoacryiate could have an influence on the out

growth of epithelial and connective tissue cells from the wound marg

ins. Presumably the properties of the poly-(L-lactic) acid membrane may 

play a role in the unfavorable cell spread and adhesion. Wettable, 

hydrophylic biomaterials, in contrast to hydrophobic biomaterials, favor 

cell spread after in vivo implantation (Schakenraad, 1987). Poly-(L-

lactic) acid tends to be more hydrophobic (Chawla and Chang, 1986), 

which could explain why cell spread and adhesion over poly-(L-lactic) 

acid membrane surfaces are retarded. 

In conclusion it can be stated that, on the short term, implanted poly-(L-

lactic) acid membranes do not seem to be beneficial for wound healing 

and to prevent wound contraction. However, maxillary growth and 

dentoalveolar development are long term processes and beneficial 

effects may become obvious in the long run. 
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Maxillary arch dimensions after palatal surgery 

and implantation of poly-(L-lactic) acid 

membranes in Beagle dogs 

Abstract 

The effect of implantation of poly-(L-lactic) acid membranes after palatal 

surgery on dento-alveolar development was investigated. 42 Beagle 

dogs were randomly assigned to four experimental groups (Group L, 

n = 12; Group LS, LMD and LMI, all η = 8) and a control group (Group C, 

η = 6). In the experimental groups, a soft tissue defect was created in 

the medial region of the palate by excising a standardized elliptical 

mucoperiosteal flap at 12 weeks of age. This defect was closed accor

ding to the Von Langenbeck technique, leaving two areas of denuded 

bone. Poly-(L-lactic) acid membranes were implanted on the denuded 

bony areas either directly (group LMD) or 3 weeks after surgery, (group 

LMI). Group L and LS respectively were used as sham groups. 

Dental casts were made at regular intervals until 25 weeks of age and 

maxillary arch dimensions were studied. 

Dental arch dimensions in the deciduous dentition of the experimental 

groups were not markedly disturbed, but after transition of teeth mainly 

transversal maxillary arch dimensions in the premolar region were 

reduced. It was concluded that implantation of poly-(L-lactic) acid 

membranes after palatal surgery in Beagle dogs did not prevent iatroge

nic disturbances of dento-alveolar development under conditions used in 

this study. 
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Introduction 

Operated cleft palate patients often demonstrate a severe impairment of 

the dental relationship from the deciduous to the early mixed dentition 

(Ross and Johnston, 1972; Bergland and Sidhu, 1974; Rama et al., 

1974). It is hypothetized that this is due to the presence of palatal scar 

tissue which may inhibit the vertical eruption of teeth which then are 

guided palatally by the anchored periodontal fibres during transition of 

teeth in individuals with repaired cleft palate (Ross and Johnston, 1972; 

Ross, 1987). 

Based on animal experiments, Kremanak (1984) and Olin et al. (1974) 

concluded that initial wound contraction was the first in a series of 

events which inhibited maxillary growth and dento-alveolar develop

ment. However, wound contraction is a short term effect of surgery 

with respect to dento-alveolar development, while long term effects are 

probably more important. 

Animal experiments performed by Wijdeveld et al. (1987) demonstrated 

that palatal surgery in Beagle dogs before or during transition of teeth 

impaired dento-alveolar development. Histological evaluation of the 

newly developed scar tissue in the former denuded bony areas revealed 

that scar tissue was firmly attached to the underlying bone by means of 

Sharpey's fibres and lacked elastic fibres. Furthermore, periodontal 

fibres were fanning out into the scar tissue. 

Prevention of this attachment of scar tissue to the underlying bone 

could have beneficial effects on dento-alveolar development. A possibili

ty to do so might be the implantation of biocompatible membranes after 

palatal surgery. 

Several biocompatible materials are more or less suitable, such as 

teflon, collagen and poly-(L-lactic) acid (Chawla and Chang, 1986; 

Blumenthal, 1987; Gottlow et al., 1987; Gerlach and Eitenmüller, 1988; 

Magnussen et al., 1988). Teflon is a non-resorbable material which 

implies a second surgical procedure to remove the membrane (Gottlow 

et al., 1987). This can be avoided by the use of a biodegradable materi

al. Collagen is resorbed 2 to 3 weeks after implantation (Blumenthal, 

1987) which is too short to influence the long term effect on dento-

alveolar development. Poly-(L-lactic) acid has a resorption time up to 2 
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years depending on molecular weight, thickness and copolymer compo

sition (Chawla and Chang, 1986; Gerlach and Eitenmüller, 1988). 

In a previous study in Beagle dogs we reported on the effects of implan

tation of poly-(L-lactic) acid membranes directly after palatal surgery on 

wound healing and wound contraction. Wound closure was retarded 

compared to animals which had palatal surgery only, but wound con

traction was not influenced by the use of poly-(L-lactic) acid membranes 

directly after palatal surgery (In de Braekt et al., 1991). 

Indirect implantation of poly-(L-lactic) acid membranes, 3 weeks after 

the Von Langenbeck operation, would possibly avoid the retardation of 

wound healing. 

Aim of the present study was to investigate the long term effects of 

implanted poly-(L-lactic) acid membranes on dento-alveolar development 

after palatal surgery in Beagle dogs using two different techniques of 

implantation. 

Materials and methods 

A total of 42 Beagle dogs was randomly assigned to five groups: a 

control group (C) and four experimental groups (L, LS, LMD and LMI). 

Palatal surgery according to Von Langenbeck was performed in all 

experimental groups (n = 12, η = 8, n = 8 and η = 8 respectively) at 12 

weeks of age, i.e. after completion of the deciduous dentition. The 

animals of the control group (n=6) were also 12 weeks of age at the 

start of the experiment. 

Prior to surgery the animals were premedicated with 0.5 ml Thalamonal" 

(Fentanyl 0.05 mg/ml + Droperidol 2.5 mg/ml) and 0.5 ml Atropine" 

(Atropine Sulphate 0.5 mg/ml). 

Subsequently, they were anesthetized with an intra-venous injection of 

15 mg/kg Nesdonal" (Thiopental Sodium 50 mg/ml). After intubation 

anesthesia was maintained with Ethrane" (Enflurane 15 mg/ml). 
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The dentition and oral mucosa were cleaned with Chlorhexidine Digluco-

nate 1 % in water followed by injections of Xylocaïne" (Lidoca'me 

Hydrochloride 0.4 mg/ml + Adrenaline 1:100,000) in the palatal 

mucopenosteum to prevent excessive bleeding during operation. 

In all experimental groups a standardized elliptical soft tissue defect was 

created in the medial region of the palate by excising a mucoperiosteal 

flap. This flap extended distally from the cuspids to the region of the 

hard palate distally of the deciduous third molars and had a width of one 

third of the transverse distance of the first deciduous molars. On both 

sides of the palate, relaxation incisions were made adjacent to the 

posterior teeth. Subsequently, the mucopenosteum was mobilized and 

the soft tissue defect was sutured with Vicryl" 4-0 at the midline, 

leaving two areas of denuded bone adjacent to the dentition (figure 1). 

For a detailed description of the surgical procedure see Wijdeveld et al. 

(1987). 

In the control group no surgery was performed. 

Figure 1: Schematic drawing of the palate and the operation in the experimental groups, A 

mucoperiosteal flap was removed in the medial region of the palate and two relaxation 

incisions were made. The remaining palatal mucopenosteum was elevated, repositioned 

and sutured in the midline. 
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Poly-(L-lactic) acid membranes were manufactured by immersion 

precipitation as described in chapter 4. In order to prepare flat membra

nes with a highly porous structure, a 5 % w/w poly-(L-lactic) acid 

solution in a mixture of chloroform and toluene (60/40 w/w) was 

prepared at room temperature. From this solution, films with a thickness 

of 400 μπτι were cast on a glass plate using a Doctor's blade. Immedia

tely after casting the films were immersed into a methanol bath to 

precipitate the polymer. In this immersion precipitation process a mem

brane with a highly porous structure was formed. The mean thickness 

of the membrane was 110 //m. The pores in the membrane are extensi

vely interconnected and have diameters in the range of 0.5 //m to 1 //m. 

Prior to use, the poly-(L-lactic) acid membranes were rinsed half a 

minute in Chlorhexidine Digluconate 1 % in water for desinfection, 

followed by half an hour in sterile physiological saline. 

In animals of experimental group LMD, poly-(L-lactic) acid membranes 

were implanted directly after surgery. The denuded bony areas were 

measured and the poly-(L-lactic) acid membranes were cut to shape 

with a pair of scissors. Then the membranes were placed on the bone 

and moved underneath the wound margins for a few millimeters. The 

membranes were glued to the wound margins with Histoacryl" (Cyanoa-

crylate) to prevent shifting during wound healing. The wound defect 

was left open to heal by secondary epithelialization. 

In animals of experimental group L, the denuded bony areas were left 

open to heal by secondary epithelialization. This group was regarded as 

the sham group for group LMD to determine the effect of the surgical 

trauma caused by surgery alone. 

In animals of experimental groups LS and LMI wound healing was 

allowed for 3 weeks. Then, under general anaesthesia as described 

above, a transversal incision of approximately 7 millimeters was made in 

the cuspid region at both sides of the palate in both groups. With a 

small raspatory, the scar tissue of the former denuded bony areas was 

elevated from the bone. In animals of group LS the elevated scar tissue 

was repositioned and the remaining incision was sutured with VicrylR 4-

0. In animals of group LMI, poly-(L-lactic) acid membranes were shaped 
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with a pair of scissors and moved underneath the elevated scar tissue. 

The incisions were sutured with Vicryl" 4-0. 

Group LS was used as the sham group for group LMI to evaluate the 

effect of incising, elevating and repositioning of the scar tissue in the 

former denuded bony areas. 

All experimental animals were medicated with 1 ml of AlbipenR 15 % 

consisting of ampicillin anhydrate 150 mg/ml and maintenance doses of 

1 ml Albipen" LA (ampicillin anhydrate 100 mg/ml) the 2nd and 4,hday 

postoperatively. All animals received a normal diet. 

Alginate impressions of the upper jaw of all animals were taken at the 

start of the study, i.e. prior to surgery at 12 weeks of age and at 15, 

17, 19, 22 and 25 weeks of age. For this purpose the animals were 

premedicated with 0.5 ml Thalamonal" (Fentanyl 0.05 mg/ml + Droperi-

dol 2.5 mg/ml) and 0.5 ml AtropineR (Atropine Sulphate 0.5 mg/ml). 

Subsequently, they were anesthetized with an intra-venous injection of 

15 mg/kg Nesdonal" (Thiopental Sodium 50 mg/ml). The alginate 

impressions were poured out within a few hours. 

Measuring points on dental casts were defined for the deciduous as well 

as the permanent dentition (figure 2 and 3): 

midpoint midpoint between the central incisors; 

top point tops of the right and left cuspids; deciduous first, 

second and third molars; the permanent first, second, 

third and fourth premolars; the permanent first mo

lars. 

crista point mesial and distal crista at the gingival margin of the 

right and left deciduous first and second molars; 

permanent first, second and third premolars. 
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Ядиге 2: Schematic drawing of the deciduous dentition with the measuring points. 

Figure 3: Schematic drawing of the permanent dentition with the measuring points. 
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The coordinates of the measuring points were digitized using the 

Optocom (Van der Linden et al., 1972). Inevitably, due to the transition 

period, some measuring points were missing at some ages. Two inde

pendent observers measured all series of dental casts separately. 

The coordinates of the measuring points in the deciduous and perma

nent dentition were used to calculate the following categories of varia

bles: 

Transversal distance: 

Distance between all corresponding measuring points at the top of teeth 

on the right and left sides of the dental arch, 

Archdeoth: 

Distance between midpoint, and midpoint of distance between right and 

left tops of the гпз in the deciduous dentition and the M, in the perma

nent dentition respectively. 

Tipping: 

Tipping was calculated as the distance of the top to the line between 

the mesial and distal crista of the same tooth. It was also recorded, 

whether teeth tipped palatally or buccally. This was carried out for all 

deciduous first and second molars and all permanent first, second and 

third premolars. 

Rotation: 

Rotation was defined as the angle between the antero-posterior line 

used for the determination of the archdepth and the line through the 

mesial and distal crista of individual teeth. This was calculated for the 

same teeth as mentioned for tipping. 

Archform: 

The archform was expressed as the angle between line: top of the most 

posterior tooth to the top of the m, or its successor and line: the top of 

the m, or its successor to midpoint. This was calculated for both sides 

of the dental arch. 
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At the start of the experimental period, prior to surgery, the anterior-

posterior distance and four transversal distances in the deciduous 

dentition in all dogs were used for standardization to compensate for 

size and shape differences between different dogs. The mean values of 

each transversal distance and the anterior-posterior distance of all dogs 

were calculated. Subsequently, a standardization factor was determined 

for each individual dog which was calculated as the quotient of the 

mean value and the individual initial value. These standardization factor 

was used during the entire experimental period for each dog. 

The total error of the method, due to an error of the impression proce

dure, an error in defining the measuring points and a measurement error 

was determined for each category of variables. Pearson's correlation 

coefficients between the measurements of the two independent obser

vers were calculated for each category of variables. 

The means and SEM of all variables of all groups were compared 

mutually using the analysis of variance (ANOVA) to test the hypothesis 

that the means are equal. The significant differences between the 

groups were explored further using Tukey's multiple comparisons test. 

Results 

Reproducibility of the method 

No significant systematic differences were found between the two 

independent observers for the five categories of variables, i.e. transver

sal distance, anterior-posterior distance, tipping, rotation and archform. 

The total error of the five categories of variables were 0.16 mm, 0.15 

mm, 0.14 mm, 1.8° and 0.2° respectively. The error was compared 

separately with the standard deviation of the mean in each category and 

it was observed that the total error was of minor importance. Therefore, 

we concluded that the standard deviation was mainly determined by 

biological variations and not by the total error. Pearson's correlation 

coefficient between the two independent observers for the five catego

ries of variables was 0.99, 0.99, 0.86, 0.93 and 0.97 respectively. 

The accuracy of the method was considered to be acceptable. 
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Dental casts measurements 

The results of the statistical analyis are presented in table 1. In the 

deciduous dentition at any age no significant differences between 

groups were found for almost all categories of variables. 

Significant differences between groups in the deciduous dentition were 

found only in tipping and rotation of teeth. The deciduous left first 

molars in group LMI tipped more palatally at 15, 17 and 19 weeks of 

age compared to the control group. The deciduous left second molars 

showed more rotation in group LMD as compared to group С at 19 

weeks of age. No significant differences were observed between expe

rimental groups during these periods. 

In the permanent dentition significant differences between the experi

mental groups and the control group were found for some transversal 

distances, tipping, and archforms (table 1). These categories of varia

bles showed no significant differences between the experimental groups 

mutually during the experimental period except for the left third premo

lar which was significantly more rotated in group LMD than in the Von 

Langenbeck group at 25 weeks of age. 

As an example the growth of the transversal distances between the 

deciduous first and second molars and their successors, the second and 

third premolar respectively, are visualized in figure 4 for groups C, L and 

LMD and in figure 5 for groups C, LS and LMI. At the end of the tran

sition period at approximately 22 weeks of age, the transversal distan

ces between the second and third premolars in all groups appeared to 

be smaller than the distance between their predecessors. Significant 

differences were observed between the control group and all experimen

tal groups at this age. Until the end of the experimental period all 

transversal premolar distances increased in all groups and significant 

differences were still observed between group С and all experimental 

groups at 25 weeks of age. 
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Table 1: Results of Tukey's multiple comparisons test for comparison between groups C, 

L=1, LS = 2, LMD = 3 and LMI=4 in the deciduous and permanent dentition. Level of 

significance is given with ρ < 0 05. Ages are given in weeks, ns = not significant. - = 

missing due to transition. | = dividing-line between the deciduous and permanent 

dentition. 

variable age 1 2 age 15 age 1 7 age 1 9 age 2 2 age 2 5 

Transversal 
distance 

cc 

ΙΠ,ΓΠ, 

m 2 m 2 

f r y n j 

CC 

Р г Р г 

РзР, 
Ρ,Ρ, 
Μ , Μ , 

ns 

ns 

ns 

ns 

Archdepth ns 

Tipping 

P,r 

P,l 
ιη,Γ P,r ns 
m,! Ρ,Ι ns 
m2r P3r ns 
т г І P3I ns 

Rotation 

P,' 
Ρ,ι 

m,r P,r ns 
m,l Pjl ns 
m,r Р3Г ns 
m 2 l Ρ,Ι ns 

Archform 

ar AR ne 
al AL ns 
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ns 
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ns 

ns 

-

ne 
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- | 1.2,3.4<C 
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ns 
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ns 

ns 
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ns 

ns 

-
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ns 
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ns 
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3 ; 
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Discussion 

The major goal of implantation of poly-IL-lactic) acid membranes after 

palatal surgery in Beagle dogs was to prevent the rigid attachment of 

the scar tissue to the underlying bone, and doing so, to enable the 

permanent teeth to erupt in the normal direction. As was expected from 

previous studies (Wijdeveld et al., 1989) results indicated that palatal 

surgery with or without the implantation of poly-(L-lactic) acid membra

nes had no overall effect on maxillary arch dimensions in the deciduous 

dentition. 

From the transition on, all groups showed a smaller transversal distance 

between the successors compared to the predecessors because emer

gence of the successors takes place palatally to the predecessors. From 

the transition on, the transversal distances in the experimental groups 

remained smaller than those in the control group until the end of the 

study. The smaller transversal distance between the first premolars in 

the experimental groups compared to the control group was noticable at 

a younger age in experimental groups where poly-(L-lactic) acid mem

branes were used than in groups with a Von Langenbeck operation only. 

The results of this study are in agreement with findings presented by 

Wijdeveld et al. (1989) who reported that palatal surgery in Beagle dogs 

mainly disturbed the transversal development of the maxillary dental 

arch, especially when surgery was performed before or during transition 

of the posterior teeth. Our findings also agree with clinical investigations 

of occlusal impairment, arch width and prevalence of crossbites in 

deciduous and early mixed-dentition of operated cleft palates in children 

(Bergland and Sidhu, 1974; Rama et al., 1974). 

In all experimental groups the transversal distances between the first, 

second and third premolars were significantly smaller compared to the 

control group at 25 weeks of age while these distances between the 

fourth premolars and the first permanent molars did not. This is in 

agreement with findings by Wijdeveld et al. (1989) who theorized that 

in Beagle dogs an open bite exists in the anterior premolar region while 

more posterior teeth erupt in a firm scissors bite. Due to this scissors 

bite, the fourth premolars and the first permanent molars maintain their 
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normal position while in the open bite region this mechanism could not 

compensate for unfavourable effects of palatal surgery. Another expla

nation could be that no marked influence of palatal surgery on posterior 

teeth could evolve because the operated area ended distally from the 

deciduous third molars which are the predecessors of the fourth premo

lars and so the area of the fourth premolars and the first permanent 

molars was unaffected by surgery. 

In the permanent dentition hardly any significant differences were 

observed between any groups for tipping and rotation of teeth except 

for the right first premolar and the left third premolar respectively as 

mentioned before. This suggests that smaller transversal maxillary 

dimensions are the result of a decreased lateral movement of the 

premolars. This is in contrast to findings by Wijdeveld et al. (1989; 

1991) who demonstrated medial tipping of these teeth with correspon

ding cervico-palatal and apico-buccal alveolar bone resorption. 

From the studies of Kremenak and co-workers (1984) and Wijdeveld et 

al. (1987; 1989; 1991) it can be concluded that 4 factors may play a 

role of importance in the adverse effects of surgery on dento-alveolar 

development: 1) wound contraction 2) the firm attachment of the scar 

tissue to the underlying bone 3) lack of elastic fibres in the scar tissue, 

and 4) the periodontal fibres which are fanning out in the scar tissue. 

These features can be regarded as causing factors of disturbances in 

growth and development. The major goal of our investigation was to 

prevent the formation of the rigid attachment of the scar tissue by 

implantation of a biocompatible membrane. Furthermore, the rigid 

attachment was also severed by elevation of the scar tissue, 3 weeks 

after initial surgery using a raspatory. The effect on dento-alveolar 

development was the same for the normal Von Langenbeck procedure 

as for both methods of implantation of poly-(L-lactic) acid membranes 

and for the severence of the rigid attachment after palatal repair. If the 

poly-(L-lactic) acid membranes remain intact and if formation of the rigid 

attachment indeed is prevented then it should be concluded that attach

ment of scar tissue must be regarded of minor importance. It is also 

possible that the poly-(L-lactic) acid membranes were fragmented 

shortly after implantation. This would mean that the rigid attachment of 

the scar tissue could occur comparable to the normal Von Langenbeck 

88 



procedure. Therefore, wound contraction, lack of elastic fibres in the 

scar tissue and the periodontal fibres would seem to be more i m p o r t a n t . 

In case of the severence of Sharpey's fibres in experimental group L S , it 

could be possible that attachment was re-established relatively s o o n 

after severence, or that re-attachment indeed was prevented bu t 

eventually did not have an effect on dento-alveolar deve lopment . 

Histological investigation is needed to study the behaviour of p o l y - ( L -

lactic) acid membranes after implantation and the tissue reaction a f te r 

severence of collagenous fibres. 
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The use of poly-(L-lactic) acid membranes 

after palatal surgery in Beagle dogs 

A histological evaluation 

Abstract 

The objective of this study was to investigate histologically poly-(L-

lactic) acid (PLLA) membranes as a tool to prevent the formation of a 

rigid attachment of scar tissue to the underlying bone after palatal 

surgery. Highly porous PLLA membranes were prepared using an 

immersion precipitation process. 

A non-cleft Beagle model was used, in which Von Langenbeck's surgical 

procedure was simulated at 12 weeks of age by soft tissue manipulati

on only. In one group normal wound healing was allowed (group L; 

η = 8). In two groups, PLLA membranes were inserted, either immediate

ly after surgery (group LMD; n = 16) or after 3 weeks (group LMI; η = 6). 

Besides a sham (n=4) also a control group (n = 4) were included in this 

study. Histological evaluation was carried out at regular intervals. 

Results of the experiments demonstrated retardation of wound healing 

after direct implantation of PLLA membranes. Histological investigations 

revealed that after direct or indirect implantation the membrane started 

to desintégrate soon after implantation and remaining particles were sur

rounded by a fibroblastic sheath and a fibrous capsule. However, at 

sites where membrane particles were left no clear formation of Shar-

pey's fibres could be observed. 

Introduction 

A deficient amount of soft tissue is a common problem in primary 

closure of palatal clefts. As a result after surgery, areas of denuded 
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bone remain and are left open to heal by secondary epithelialization and 

concommittant formation of scar tissue is evident (Ross and Johnston, 

1972; Millard, 1980; Ross, 1987). Based on animal studies it was 

presumed that wound contraction which was only predominant in the 

first week after surgery, would account for the impairment of dento-

alveolar and maxillary development (Kremenak et al., 1967, 1970; Olin 

et al., 1974; Kremenak, 1984). In the studies of Wijdeveld et al. (1989, 

1991) it was found that independent of age at which surgery was per

formed, mature scar tissue lacked elastic fibres and was firmly attached 

to the underlying bone by Sharpey's fibres. Medio-laterally oriented 

collagenous fibres in the scar tissue were continuous with the periodon

tal ligament by collagenous periodontal fibres. 

In previous studies we reported on the insertion of a biocompatible and 

degradable membrane after palatal surgery in Beagle dogs (In de Braekt 

et al., 1991a, 1991b). It functioned as a temporary barrier between the 

scar tissue and the palatal bone to prevent the development of Shar

pey's fibres. 

For this purpose poly-(L-lactic) acid (PLLA) membranes were used and 

its effects on wound healing, wound contraction and dento-alveolar 

development were investigated. It was shown that wound healing was 

retarded for about 2 weeks compared to animals in which only surgery 

was performed. Wound contraction after surgery was predominant in 

the first postoperative week which is in agreement with findings of 

Kahnber and Thilander (1982) and Wijdeveld et al. (1987a, 1987b) 

However, no significant differences in wound contraction were found 

wether or not PLLA membranes were implanted after palatal surgery (In 

de Braekt et al., 1991a). Surgery with or without the implantation of 

PLLA membranes did not affect dento-alveolar development in the 

deciduous dentition but later on, in the permanent dentition, mainly the 

transversal dimensions were disturbed wether or not PLLA membranes 

were implanted after surgery (In de Braekt et al., 1991b). 

In previous investigations we studied the effects of implantation of 

PLLA membranes after palatal surgery macroscopically but histological 

evaluation is needed to gain more detailed information about its behavi

our in the mucoperiosteal environment and its influence on the formati

on of Sharpey's fibres. 

94 



Materials and methods 

Materials 

PLLA membranes were manufactured by an immersion precipitation 

process {see Chapter 4). Prior to use, the PLLA membranes were rinsed 

half a minute in Chlorhexidine Digluconate 1 % in water for desinfection, 

followed by half an hour in sterile physiological saline. 

Surgical procedure 

A total of 38 Beagle dogs was randomly assigned to five groups: a 

control group (C) and four experimental groups (L, LS, LMD and LMI). 

Palatal surgery according to Von Langenbeck was simulated in all 

experimental groups (n = 8, η = 4, n = 16 and η = 6 respectively) at 12 

weeks of age, i.e. after completion of the deciduous dentition. The 

animals of the control group (n = 4) were also 12 weeks of age at the 

start of the experiment.Prior to surgery the animals were premedicated 

with 0.5 ml Thalamonal" (Fentanyl 0.05 mg/ml + Droperidol 2.5 mg/ml) 

and 0.5 ml Atropine" (Atropine Sulphate 0.5 mg/ml). 

Subsequently, they were anesthetized with an intra-venous injection of 

15 mg/kg Nesdonal" (Thiopental Sodium 50 mg/ml). After intubation 

anesthesia was maintained with Ethrane". The dentition and oral muco

sa were cleaned with Chlorhexidine Digluconate 1 % in water followed 

by injections of ХуІосатея (Lidocaïne Hydrochloride 0.4 mg/ml + 

Adrenaline 1:100000) in the palatal mucoperiosteum to prevent excessi

ve bleeding during operation. In all experimental groups a standardized 

elliptical soft tissue defect was created in the medial region of the 

palate by excising a mucoperiosteal flap. This flap extended distally 

from the cuspids to the region of the hard palate distally of the decidu

ous third molars and had a width of one third of the transverse distance 

of the first deciduous molars. On both sides of the palate, relaxation 

incisions were made adjacent to the posterior teeth. Subsequently, the 

mucoperiosteum was mobilized and the soft tissue defect was sutured 

with Vicryl8 4-0 at the midline, leaving two areas of denuded bone adja

cent to the dentition (figure 1). For a detailed description of the surgical 

procedure see Wijdeveld et al. (1987a). In animals of experimental 
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group L, the denuded bony areas were left open to heal by secondary 

epithelialization. In the control group no surgery was performed. 

Figure 1: Schematic drawing of the palate and the operation in the experimental groups. A 

mucopenosteal flap was removed in the medial region of the palate and two relaxation 

incisions were made The remaining palatal mucoperiosteum was elevated, repositioned 

and sutured in the midline. 

In animals of experimental group LMD, PLLA membranes were im

planted directly after surgery. The denuded bony areas were measured 

and the PLLA membranes were cut to shape with a pair of scissors. 

Then the membranes were placed on the bone and moved underneath 

the wound margins for a few millimeters. The membranes were glued to 

the wound margins with Histoacryl" (Cyanoacrylate) to prevent shifting 

during wound healing. The wound defect was left open to heal by 

secondary epithelialization. The L group was regarded as the sham 

group for group LMD to determine the effect of the surgical trauma 

caused by surgery alone. In animals of experimental groups LS and LMI 

wound healing was allowed for 3 weeks. Then, under general anaesthe

sia as described above, a transversal incision of approximately 7 milli

meters was made in the cuspid region at both sides of the palate in both 

groups. With a small raspatory, the scar tissue of the former denuded 

bony areas was elevated from the bone. In animals of group LS the 

elevated scar tissue was repositioned and the remaining incision was 

sutured with Vicryl" 4-0. In animals of group LMI, PLLA membranes 
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were shaped with a pair of scissors and moved underneath the elevated 

scar tissue. The incisions were sutured with Vicryl" 4-0. Group LS was 

used as the sham group for group LMI to evaluate the effect of incising, 

elevating and repositioning of the scar tissue in the former denuded 

bony areas. All experimental animals were medicated with 1 ml of 

Albipen" 15 % consisting of ampicillin anhydrate 150 mg/ml and mainte

nance doses of 1 ml Albipen" LA (ampicillin anhydrate 100 mg/ml) the 

2n d and 4 , h day postoperatively. All animals received a hard diet. For 

histological evaluation all animals were sacrificed in pairs. The animals 

of the control group were sacrificed at 18 and 27 weeks of age; the 

animals of group L at 13, 14, 19 and 25 weeks of age; the animals in 

group LS at 19 and 25 weeks of age; the animals of group LMD at 13, 

14, 15, 16 ,17, 19, 25 and 37 weeks of age; and the animals of group 

LMI at 19, 25 and 37 weeks of age. After premedication with Thalamo-

nalR they were brought under general anaesthesia using 30 mg/kg 

NarcovetR after which 0.5 mg/kg Heparin (Thromboliquine") was admi

nistered. After some minutes an overdose of Narcovet" was injected 

intravenously. The vascular system was perfused with physiologic 

saline, followed by 4% neutral formaldehyde as a fixative. After perfusi

on, the maxillae were dissected and immersed in 4% neutral formalde

hyde for another two weeks. They were then sawed into smaller blocks 

which were decalcified in 20% formic acid and 5% sodium citrate, 

dehydrated, and embedded in Paraplast". Serial frontal sections of Ίμχπ 

were prepared and stained with Haematoxylin and Eosin for general 

survey. Selected sections were stained according to Taenzer-Unna for 

the study of elastic fibres (Lillie, 1965). A modified Herovici polychrome 

staining was used for the study of young and old collagen (Herovici, 

1963). This staining is indicative for the presence of type I and III 

collagen (Levarne and Meyer, 1987). The other half of the blocks of 

experimental groups LMD and LMI was left undecalcified. They were 

dehydrated in graded series of ethanol with 2.5% glycerol, infiltrated 

with glycol methacrylate in ethanol and 2.5% glycerol and embedded in 

glycol methacrylate and polyethyleneglycol (Hoeksma et al., 1988). 

Frontal 4 /mi sections were cut using glass knives. The sections were 

stained with Sudan Black and Toluidin Blue-Basic Fuchsin (Hoeksma et 

al., 1988). 
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Results 

Histological observations 

Group С 

The superficial layer of the palatal mucoperiosteum consisted of parake-

ratotic stratified squamous epithelium with many villi protruding into the 

underlying connective tissue. Just underneath the epithelium the 

connective tissue layer consisted mainly of a three-dimensional network 

of coarse collagenous fibres. In deeper layers sagittally oriented collage

nous fibres became more predominant and elastic fibres were randomly 

distributed, especially near capillaries and larger blood vessels. Throug

hout the mucoperiosteum sagittally oriented large blood vessels and 

sinuses were present in the deeper layers of the connective tissue. Be

tween these sinuses the major palatine arteries and branches of the 

palatine nerves were located at the lateral aspect of the palate (figure 

2). 

Figure 2: Transverse section of the medial region of the normal mucoperiosteum in control 

animals at 18 weeks of age. ОС = oral cavity, Ρ = palatal bone, NC = nasal cavity. 

Η and E staining, magnification 12 x. 
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In the youngest animals which were 18 weeks of age the periosteal 

layer was thick and cell rich. The palatal bone showed trabecular 

deposition and osteoid formation; active osteoblasts were found on the 

whole surfaces and in the mid-palatal suture. 

In the animals of 27 weeks of age the periosteal layer demonstrated a 

thin cellular layer consisting mainly of resting osteoblasts. The fibrous 

layer of the periosteum was attached to the underlying bone by means 

of thin collagenous fibres. The palatal bone was of the lamellar type and 

bone deposition was found neither on the palatal bone nor in the mid-

palatal suture. 

The palatal mucoperiosteum was continuous with the periodontal 

ligament in all control animals. The cervical periodontal fibres were 

fanning out into the deeper layers of the palatal connective tissue. 

In the youngest animals bone deposition was found on palatal as well as 

buccal aspects of the alveolar socket. In the older animals neither bone 

deposition nor bone resorption was found. 

Group L 

One week after operation at 13 weeks of age, the epithelium did not 

cover completely the denuded bony areas. The epithelium was prolife

rating from both wound margins and was not yet keratinizing. Vascular 

granulation tissue infiltrated with polymorphonuclear leucocytes, lymp

hocytes, plasma cells and macrophages covered the underlying palatal 

bone. Hyperaemic capillaries were also present in the granulation tissue 

at the lateral wound areas. 

Herovici's staining indicated that type III collagenous fibre formation 

was present without a distinct orientation. No elastic fibres were 

present in the healing tissue (figure 3 and 4). 
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Figure 3: Operation areas at 1 week p.o. in animals of group L showing the normal 

mucopenosteum INI and the granulation tissue at the former denuded bony area IGT). E = 

epithelium, Ρ = palatal bone. Herovici's staining, magnification 30 x. 

I 
• 

Figure 4: Detail of figure 3 showing the borderline between the normal mucopenosteum 

INI and the granulation tissue IGT). In the granulation tissue type III collagenous fibres 

without a distinct orientation are predominant, while in the normal mucopenosteum type I 

fibres prevail. Herovici's staining, magnification 75 x. 
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The mucoperiosteum that had remained after surgery showed its normal 

appearance. The blood sinuses and major palatine arteries and nerves 

were displaced medially by surgery which persisted throughout the 

experimental period. The connective tissue was re-attached to the 

underlying bone by a thick cell-rich periosteum with few inflammatory 

cells. Active osteoblasts and trabecular bone deposition were found 

along the palatal bone except for some lateral parts of the palate where 

osteoclastic resorption was found. No periodontal fibres were fanning 

out into the healing tissue. 

Two weeks after surgery at 14 weeks of age, the epithelium at the 

denuded bony areas was continuous and consisted of parakeratotic 

stratified squamous epithelium. However, the epithelium was thinner 

and showed fewer protruding villi compared to the epithelium covering 

the normal mucoperiosteum. 

In the granulation tissue underneath the epithelium, still hyperaemic 

capillaries and inflammatory cells were present. Thin collagenous fibres, 

presumably of type III, were gradually replaced by thicker collagenous 

fibres of type 1, starting at the former wound margins. They were mainly 

oriented medio-laterally, traversing the former denuded bony areas. No 

elastic fibres were found in the healing tissue at this stage of wound 

healing (figure 5). 

The former mobilized mucoperiosteal flaps located in the medial region 

of the palate showed a normal appearance. A thin periosteum covered 

the bone and trabecular bone deposition in the presence of active 

osteoblasts was found along a resting line which demarcated the bone 

surface at the moment of surgery from subsequent bone deposition. 

In the region of the former denuded bony areas, however, apart from 

osteoblastic bone deposition some osteoclastic resorption was obser

ved. This resulted in differences in the net amount of bone deposited 

after surgery, demarcated by the resting line, in those regions of the 

palate. Simultaneous with the bone deposition, thick collagenous fibres 

were embedded in the palatal bone as Sharpey's fibres. 

Formation of collagenous fibres in the cervical part of the periodontal 

ligament was observed, which were originating from the cementum and 

fanning out into the gingiva and palatal connective tissue. In some 
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cases, osteoclastic bone resorption took place in the cervico-palatal 

region of the alveolar socket. 

Seven weeks after operation at 19 weeks of age, the epithelial layer 

was somewhat thicker compared to earlier stages, especially in the 

former denuded bony areas but still thinner than in the control animals 

of that age. The medio-laterally oriented collagenous fibres were repla

ced by thicker fibres but type III collagen was still predominant. The 

rate of trabecular bone deposition had decreased but some active 

osteoblasts were still present in marrow spaces. Sharpey's fibres at the 

former denuded bony areas were more predominant than in the earlier 

stages of wound healing. Cervical periodontal fibres were fanning out 

into the deeper layers of the mucoperiosteum. The connection of the 

gingival tissue to the alveolar bone was disturbed by the erupting 

premolar of which the top had already emerged from the alveolar bone. 

This was also demonstrated by the presence of osteoclasts on the 

alveolar bone at the medial aspect of the premolar. 

The last stage which was histologically evaluated, was at 25 weeks of 

age. This stage was highly comparable to the stage described previ

ously. The epithelial layer was still somewhat thinner in the operated 

areas than in the normal mucoperiosteum. The underlying connective 

tissue contained mainly transverse oriented collagenous fibres which 

resembled in structure the fibres in normal mucoperiosteum but elastic 

fibres were still absent. Distinct rigid attachment of the scar tissue to 

the palatal bone in the region of the former denuded bony areas by 

means of Sharpey's fibres was evident (figure 6). 

No bone deposition or resorption was found at the whole surface of the 

palatal bone. Only resting osteoblasts were present. Cervical periodontal 

fibres were fanning out from the cementum of the premolars to the 

palatal mucoperiosteum and the scar tissue. In some cases, osteoclasts 

were observed in the cervico-palatal region of the alveolar socket with 

corresponding bone resorption. 
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GT 

Figure 5: At 2 weeks p.o. the epithelium over the formerly denuded bony areas was 

continuous and consisted of parakeratotic stratified squamous epithelium IEI. The epi

thelium was thinner and showed fewer protruding villi compared to the epithelium 

covering the normal mucoperiosteum GT = granulation tissue, Ρ = palatal bone. Η and £ 

staining, magnification 30 x. 

Figure 6: Rigid attachment of the scar tissue to the palatal bone in the region of the former 

denuded bony areas by means of Sharpey's fibres was evident. Ρ = palatal bone, M = 

mucoperiosteum. Polarization microscopy, magnification 200 x. 
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Group LS 

At 19 weeks of age, seven weeks after Von Langenbeck's operation, 

and four weeks after severence of Sharpey's fibres, the continuous 

parakeratotic stratified squamous epithelium at the former denuded 

bony areas showed a few villi penetrating the underlying connective 

tissue. The thickness of the epithelial layer was more or less comparable 

to the epithelial layer of group L in the same stage. 

The newly formed connective tissue layer underneath, showed predomi

nantly thin type III collagenous fibres with distinct transversal orientati

on. In some lateral parts of this connective tissue at the border with the 

medially located mucoperiosteal flaps, medio-laterally fibres of type I 

collagen were formed but type III collagen was still predominant. No 

elastic fibres were present in the healing tissue. 

The former mobilized mucoperiosteal flaps located in the medial region 

of the palate showed mostly the same features observed in group L. 

However, at the former denuded bony areas no clear periosteal layer 

could be observed as was described for the animals in group L at this 

stage. Some active osteoblasts were still present in marrow spaces 

despite the fact that the rate of trabecular bone deposition had decrea

sed. No clear embedded Sharpey's fibres were evident. A resting line 

was observed as described for the animals in group L. 

13 Weeks after the initial operation, at 25 weeks of age, the histological 

findings were comparable with the previous stage. However, between 

the previous and current stage, bone deposition was evident as demar

cated by the resting line. Simultaneously, Sharpey's fibre formation was 

observed at the former wound edges which obviously resulted in 

embedded thick collageneous fibres. In the center of the former denu

ded bony areas no distinct Sharpey's fibres formation could be obser

ved. 
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Group LMD 

One week after surgery, at 13 weeks of age, the epithelium proliferated 

from both wound margins and did not cover completely the wounds at 

the denuded bony areas at this stage. Infiltrates penetrated into the 

wound defect. Underneath the epithelial outgrowth, vascular granulation 

tissue with hyperaemic capillaries and infiltrated with polymorpho

nuclear leucocytes, plasma cells, lymphocytes and macrophages sur

rounded the PLLA membrane which showed some cracks. 

Type III collagenous fibre formation had occurred without a distinct 

orientation as indicated by Herovici's staining. No elastic fibres were 

observed in the healing tissue. In some cases, the PLLA membrane was 

fragmented into parts of 1 to 2 mm, especially in the former denuded 

bony areas. However, in most samples, the part of the membrane 

which was moved underneath the wound margins for a few millimeters, 

was not fragmented. All PLLA fragments were, at least partly lined with 

active cells, resembling macrophages, polymorphonuclear leucocytes or 

multi-nucleated giant cells. 

The medially displaced mucoperiosteal flaps that had remained after 

surgery showed their normal appearance comparable to group L at the 

same stage. 

Two weeks after surgery, at 14 weeks of age, in most samples the 

epithelial layer was continuous although in some samples cellular 

infiltrates which were penetrating the wound defect were still observed. 

Thin collageneous fibres, indicated as type III collagen, were oriented in 

a medio-laterally direction. No elastic fibres were present. 

The PLLA fragments had quite the same size as in the previous stage 

although in most cases, fragments were displaced medially and grouped 

together, each cluster being surrounded by a sheath of fibroblast like 

cells. 

In few samples focal infiltrates, mainly consisting of some macropha

ges, lymphocytes and plasma cells were found within this fibroblastic 

sheath. Outside the fibroblastic cell rich sheath, a capsule of connective 

tissue was found with circularly arranged collagenous fibres (Figure 7 

and 8). 
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Figure 7: Clusters of PLLA fragments being surrounded by a sheath of fibroblast 
Outside this sheath, a capsule of fibrous connective tissue was found with 
arranged collagenous fibres. Sudan Black В staining, magnification 200 x. 

like cells. 
circularly 

Figure в: Detail of figure 7 showing PLLA surrounded by fibroblasts and circularly arranged 
collagenous fibres. The PLLA is partly covered with macrophage-like cells. Sudan Black В 
staining, magnification 500 x. 
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The collagenous fibres in the sheath were clearly less densely packed 

than in the capsule. No Sharpey's fibres connecting this capsule to the 

underlying bone were observed in any of the cases. 

At sites where membrane fragments were lacking, scar tissue and 

Sharpey's fibres inserting the underlying bone were found. 

A resting line, where growth was interrupted, demarcated the surface of 

the palatal bone at the moment of surgery from the subsequent deposi

tion of bone in all samples. Trabecular bone deposition by active osteo

blasts was observed at the palatal bone surface in the medial region of 

the palate. However, in the region of the former denuded bony areas, 

bone deposition had ceased at sites where membrane fragments sur

rounded by a reactive zone were located adjacent to the bone. In a few 

samples, osteoclastic activity was found near the resting line. This 

resulted in an indentation in the palatal bone surface at sites where 

membrane fragments were located. 

Three weeks after surgery, at 15 weeks of age, in most cases the 

epithelial layer was continuous but still a few samples demonstrated 

inflammatory reactions with cellular infiltrates containing mostly lymp

hocytes and plasma cells. However, the epithelial layer was thicker than 

in the previous stage and a few villi protruded into the underlying 

connective tissue. 

The composition of the scar tissue was comparable to the previous 

stage except for the fact that most of the thin collagenous fibres were 

replaced by thicker collagenous fibres of type I collagen. 

The sizes and location of the PLLA fragments were the same as compa

red to previous stages and the fibroblastic cell rich sheath was still 

present. In some cases, osteoblastic activity within the fibroblastic 

sheath resulted in bone deposition on the PLLA fragments. It was also 

observed that in some samples, deposition, at the edges of PLLA 

membrane fragments, resulted in gradual incorporation of these frag

ments by the palatal bone. 

Four weeks after operation, at 16 weeks of age, the tissues were highly 

comparable with the previous stage except for the fact that epithelial 

continuity was evident in quite all samples and that the medio-laterally 

oriented collagenous fibres were almost totally replaced by thicker 
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collagenous fibres of type I collagen. From this stage on, the structure 

of the scar tissue remained more or less the same. 

The PLLA fragments showed the same features as described for the 

previous stage. The incorporation of the fragments, however, is more 

prominent since bone deposition was undisturbed in regions where PLLA 

membrane fragments were lacking. In these regions Sharpey's fibres 

were observed. Five weeks after the operation, at 17 weeks of age, no 

distinct differences could be observed regarding the amount, size, loca

tion and fibroblastic sheath of the PLLA membrane fragments compared 

to the previous stages but the incorporation of the PLLA fragments into 

the palatal bone had continued. Seven weeks after surgery, at 19 

weeks of age, some of the PLLA membrane fragments which initially 

measured 1 to 2 mm, had desintegrated into smaller fragments of which 

the smallest ones measured about 10/лті. The fragments were clustered 

and located more medially. They were at least partly lined with macrop

hages and polymorphonuclear leucocytes. It was not clear wether the 

smallest fragments were surrounded by several macrophages or that 

they were ingested by multi-nucleated giant cells (figure 9). 

Figure 9: The smallest fragments were surrounded by several macrophages or probably 
ingested by multi-nucleated giant cells. Sudan Black В staining, magnification 500 x. 
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In the vicinity of the larger membrane fragments many macrophages 

with ingested particles of PLLA fragments were encountered. No Shar-

pey's fibres were present in the vicinity of the PLLA fragments. Some 

samples showed direct contact of the PLLA membrane fragments with 

the palatal bone without connective tissue interface. Some active 

osteoblasts were observed at sites where the PLLA membrane frag

ments were lacking. At sites where PLLA membrane fragments were 

present no osteoblasts were found on the bone surface, resulting in 

further incorporation of the PLLA membrane fragments into the palatal 

bone. Direct contact between the bone and the PLLA membrane frag

ments, however, did not occur at these sites. 

13 weeks after surgery, at 25 weeks of age, in all histological samples 

the membranes were totally fragmented. The larger fragments had 

disappeared and advanced désintégration had taken place resulting in 

fragments of about 10 μτη. In all animals, the PLLA membrane frag

ments and particles were displaced in a medial direction. Bone depositi

on along the palatal bone had ceased. In a few samples, osteoclastic 

activity was observed near the fibroblastic sheath of some PLLA mem

brane particles. 

25 weeks after surgery, at the age of 37 weeks, the samples showed 

the same features as described for the previous stage. However, the 

désintégration of PLLA fragments and particles had proceeded which 

resulted in smaller and less fragments and particles. 

Group LMI 

The histological samples of animals in which the membrane was placed 

3 weeks after the Von-Langenbeck operation showed more or less the 

same features as described for the animals in group LMD at the compa

rable stages of 7, 13 and 25 weeks after the operation. 

However, during the entire observation period the PLLA membrane 

fragments and particles were somewhat larger in size and shifted less to 

the medial region of the palate than was observed in animals of group 

LMD. 
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Discussion 

In this study PLLA membranes were implanted after palatal surgery in 

Beagle dogs to prevent the rigid attachment of the scar tissue to the 

underlying bone by means of Sharpey's fibres. 

The cellular response to the implantation of PLLA membranes could be 

described as a moderate foreign body reaction, which is composed of 

two components, a primary wound healing process and an attempt of 

macrophages to engulf the foreign body. Investigation of all histological 

samples revealed that the PLLA membrane was not completely intact 

and that PLLA membrane fragments and particles were grouped toge

ther in a medial direction no matter which procedure was used. When 

the PLLA membrane was placed directly after surgery it was shown that 

in the first week after surgery the PLLA membrane was cracked or 

fragmented in large parts. This could be explained by the manipulation 

of the PLLA membrane during the implantation procedure and the fact 

that the animals received a hard diet after surgery which could account 

for a mechanical fracture of the PLLA membrane. This is supported by 

findings of Leenslag et al. (1987) who showed that relatively rapid 

strength loss of high molecular weight PLLA occurred in applications 

which demand a rather high level of load bearing properties during the 

process of wound healing. Therefore, high molecular weight PLLA 

implanted at sites which demand relatively low load-bearing properties, 

would show no rapid severe degradation. They implanted high molecular 

weight PLLA in rats subcutaneously and signs of resorption were 

evident 39 weeks after implantation (Leenslag et al., 1987). 

The fragments remained more or less of the same size during 5 weeks 

postoperatively, but after this period smaller fragments and particles 

were found indicating a faster désintégration which was more rapidly 

than expected. 

In vivo observations showed that désintégration of glycine/DL-lactic acid 

copolymers, implanted subcutaneously in rats, could be described by 

two stages. First, the molecular weight decreased as a result of ester 

bonds hydrolysis. As soon as the fragments were small enough to 

become soluble, weight loss was observed and the degradation pro

ducts, especially L-lactic acid, dissolved by cellular activity. After 5 
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weeks the PLLA implants started to desintégrate, but after 10 weeks 

PLLA had almost completely disappeared (Helder, 1988). The results 

from this study were highly comparable to our observations, however, 

they used a copolymer of a lower molecular weight PLLA than the PLLA 

used in our study. This would probably account for the fact that almost 

all PLLA had disappeared 10 weeks after implantation whereas in our 

study PLLA fragments were still observed 24 weeks after implantation. 

The pores of the highly porous PLLA membrane having diameters 

ranging from 0.5 //m to 1 μτη, determined the microstructure of the 

membrane which should have prevented fibroblasts to penetrate the 

membrane whereas transport of nourishment and tissue fluids could still 

take place. However, the membrane, or its remnants did not prevent 

fibroblasts from migration between the membrane and the bone surface. 

It is not likely that they passed through the micropores and presumably 

they migrated from the periphery. The membrane particles were 

surrounded by a reactive zone containing mainly macrophages which 

was in agreement with findings of other investigators (Leenslag et 

al.,1987; Helder, 1988; Schakenraad et al.,1988). The observation of 

plasma cells, lymphocytes and foreign body giant cells, however, disag

reed with their findings. The presence of these cells, even after 37 

weeks of age, indicated a very moderate chronic inflammation. 

The fibroblastic sheath surrounding the PLLA fragments which was 

formed from 2 weeks on postoperatively, was confirmed by findings of 

Schakenraad et al. (1988). We observed that the structure of this 

fibrous capsule was different from the surrounding scar tissue. It 

contained more fibroblasts, macrophages and circularly arranged colla

genous fibres. 

It could be presumed that fibroblastic activity i.e formation of Sharpey's 

fibres, was influenced by the different structure of the fibroblastic 

sheath which covered the PLLA membrane fragments. No distinct 

formation of Sharpey's fibres was found near PLLA membrane particles. 

Formation of Sharpey's fibres, however, did occur at sites where PLLA 

acid membrane particles were absent. 

Our results indicated osteoblastic activity within the fibroblastic sheath 

with bone deposition on PLLA fragments. This is also described by 
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Hollinger (1983) and Hollinger and Schmitz (1987) but they used a 

copolymer with polyglycolic acid. 

The samples in group L showed that the formation of Sharpey's fibres 

was evident from 2 weeks on after surgery until the end of the experi

mental period. Severence of Sharpey's fibres in animals of group LS 

resulted in a temporary disruption of the rigid attachment of the scar 

tissue. No Sharpey's fibre formation was observed until 10 weeks after 

severence of Sharpey' fibres indicating that repair of disrupted collagen 

fibres takes less or approximately as long as the transition period of 

teeth. Sharpey's fibre formation was only observed in the region of the 

former wound edges. No Sharpey's fibre formation had occurred in the 

center of the former denuded bony areas suggesting that formation of 

these fibres starts from the wound edges. In a previous study in Beagle 

dogs (In de Braekt et al., 1991b) we demonstrated no marked signifi

cant differences in dento-alveolar development wether PLLA membranes 

were used after palatal surgery or not. The same held true for animals 

whether Sharpey's fibres were severed after wound healing had comple

ted or not. However, histological results from this study indicated that 

Sharpey's fibre formation, although locally, did occur in all animals 

before the transition of teeth had completed which could account for 

the fact that no significant differences in dento-alveolar development 

were found. 

We can conclude from our findings that direct and indirect implantation 

of PLLA membranes after palatal surgery resulted in fragmentation and 

later on désintégration of the membranes with comparable tissue 

reactions. Despite premature désintégration of the PLLA membranes, 

formation of Sharpey's fibres did not occur at sites where PLLA mem

brane particles were located. This indicated that PLLA membranes, 

although fragmented, have a potential function as an inhibitor of Shar

pey's fibre formation. Further research is necessary to develop an 

adequate PLLA membrane which is more resistant to mechanical forces 

and remains intact for a sufficient period. 
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The effect of Low Level Laser Therapy 

on wound healing after palatal surgery 

in Beagle dogs 

Abstract 

The effect of Low Level Laser Therapy on wound healing and wound 

contraction after palatal surgery in Beagle dogs of 12 weeks of age was 

investigated. A total of 30 Beagle dogs was used and assigned to a 

control group (Group C; η = 6) and two experimental groups (Group L; 

n = 12 and group LL; η = 12). 

In both experimental groups, Von Langenbeck's palatal repair was 

simulated. Then in the LL group the denuded bony areas were treated 

with Low Level Laser Therapy using a continuous Ga-As-AI laser beam 

(830 nm) and energy output set at 30 mW. Per treatment a dosage of 1 

J/cm2 wound surface area was used. Therapy was carried out three 

times a week with a total of ten treatments. 

Wound healing was observed clinically until wound healing was comple

ted at 4 weeks p.o. and wound areas were measured at regular intervals 

on standardized intra-oral photographs. Wound contraction was measu

red as the increments of the distances between tattoo points on the 

opposite wound margins. 

No significant differences were found in the quality and rate of wound 

healing between the two experimental groups. The same held true for 

the increments of the distances between opposite tattoo points. 

It was concluded that macroscopically Low Level Laser Therapy under 

conditions used in his study did not have an influence on wound closure 

or wound contraction. 
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Introduction 

Palatal repair in cleft palate patients is achieved by soft tissue manipula

tion. All common techniques seem to have essentially the same iatroge

nic effect on facial growth (Ross, 1987). The transversal skeletal 

relationships are more influenced than the antero-posterior skeletal 

relationships. Apart from this, the effects are more pronounced on the 

dento-alveolar complex than on the bony structures (Bishara, 1973; 

Wijdeveld, 1988). Kremenak and co-workers demonstrated that denuda

tion of palatal bone adjacent to the posterior teeth in Beagle dogs was 

the most important postsurgical variable in maxillary growth inhibition 

(Kremenak, 1984). No matter which surgical technique is used, soft 

tissue manipulation always results in denuded bony areas on the hard 

palate. 

It was suggested that wound contraction is the first in a series of 

events that initiated this growth inhibition (Olin at al., 1974). 

Both wound contraction and epithelialization reduce the wound surface, 

and after 2 to 3 weeks a smooth scar tissue has been developed 

(Kahnberg et al., 1982; Wijdeveld et al., 1987a,b). Histological investi

gation of maxillary structures after palatal surgery in Beagle dogs by 

Wijdeveld (1988) revealed that newly formed scar tissue in the former 

denuded bony areas was firmly attached to the underlying bone by 

means of Sharpey's fibres and lacked elastic fibres. The collagen fibres 

of the scar tissue were organized into thicker bundles oriented in a 

transversal direction and periodontal fibres were fanning out into the 

scar tissue. The different properties of the scar tissue presumably cause 

a changed stress distribution during the eruption of permanent teeth 

which would result in disturbances in maxillary arch dimensions (Wijde

veld, 1988; Wijdeveld et al., 1987a). From these experiments it was 

concluded that it might be possible that manipulation of scar tissue 

formation could prevent these maxillary disturbances. One of the 

possibilities to do so, might be Low Level Laser Therapy. 

Clinical observations have suggested that Low Level Laser Therapy 

might have a beneficial effect on wound healing (Strang et al., 1988; 

Takeda, 1988; Yamamoto et al., 1989; Kert and Rose, 1989). Although 

Low Level Laser Therapy is largely empirical in the clinical setting, 
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several authors have reported biostimulatory effects on wound healing 

in animal models and in tissue cultures (Lyons et al., 1987; Abergel et 

al., 1987; Longo et al., 1987). Low Level Laser Therapy is claimed to 

stimulate cell growth, revascularization and to reduce inflammatory 

signs in wound healing. The most commonly stated mechanism for laser 

enhancement of wound healing is that laser irradiation stimulates 

intracellular metabolism and collagen production by fibroblasts (Lyons et 

al., 1987; Abergel et al., 1987; Strang et al., 1988; Kert and Rose, 

1989). Cross-linkage of existing collagen molecules and organization of 

functional collagen fibres also might be improved by Low Level Laser 

treatment (Lyons et al., 1987; Abergel et al., 1987). 

The great variations, however, which exist in the choice of experimental 

animal, the type and size of the wound, the method of assessment of 

results and also in the irradiation conditions often causes conflicting 

results concerning the effect of Low Level Laser Therapy on wound 

healing (Hunter et al., 1984; Longo et al., 1987; Strang et al., 1988; 

Anneroth et al., 1988). 

The aim of this study was to evaluate the effect of Low Level Laser 

Therapy on wound healing and wound contraction after palatal surgery 

in Beagle dogs both qualitatively and quantitatively. 

Material and methods 

The experiment was performed on 30 Beagle dogs, divided at random 

into three groups, two experimental groups (group L and group LL) and 

one control group (group C). In both experimental groups (both n = 12) 

palatal surgery according to Von Langenbeck was performed at 12 

weeks of age, i.e. after completion of the deciduous dentition. The 

animals of the control group (n = 6) were also 12 weeks of age at the 

start of the study. 
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Prior to surgery the animals were premedicated with 0.5 ml Thalamonal" 

(Fentanyl 0.05 mg/ml + Droperidol 2.5 mg/ml) and 0.5 ml Atropine" 

(Atropine Sulphate 0.5 mg/ml). 

Subsequently, they were anesthetized with an intra-venous injection of 

15 mg/kg Nesdonal" (Thiopental Sodium 50 mg/ml). After intubation 

anesthesia was maintained with Ethrane" (Enflurane 15 mg/ml). 

The dentition and oral mucosa were cleaned with Chlorhexidine Diglu-

conate 1 % in water followed by injections of Xylocaine" (Lidocaïne 

Hydrochloride 0.4 mg/ml + Adrenaline 1:100,000) in the palatal 

mucoperiosteum to prevent excessive bleeding during operation. 

In animals of the experimental groups a standardized elliptical soft tissue 

defect was created in the medial region of the palate by excising a 

mucoperiosteal flap. This flap had a width of one third of the transverse 

distance between the first deciduous molars and extended distally from 

the cuspids to the region of the hard palate distally of the deciduous 

second molars. On both sides of the palate relaxation incisions were 

made parallel to the dental arch. Subsequently, the mucoperiosteum 

was elevated and the soft tissue defect was closed at the midline, 

leaving two areas of denuded bone adjacent to the dentition. The 

wound defect was left open to heal by secondary epithelialization 

(figure 1). 

For a detailed description of the surgical procedure see Wijdeveld et al. 

(1987a). In the control group no surgery was performed. 

After surgery, tattoo points were placed in the mucoperiosteum at a 

distance of about 1 mm from the wound margins at opposite sides of 

the denuded bony areas and on each side of the incision in the medial 

region of the palate, using a Hedström" file and Häuptner" Speziai 

Tätowierfarbe (figure 1). In the control group tattoo points were placed 

at corresponding places of the palatal mucoperiosteum. 

All animals received 1 ml of Albipen" 15% consisting of ampicillin 

anhydrate 150 mg/ml and maintenance doses of 1 ml Albipen" LA 

(ampicillin anhydrate 100 mg/ml) the 2nd and 4,hday postoperatively. 

All animals received a normal diet after surgery. 
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Figure 1: Schematic drawing of the palate and the operation in groups L and LL. A 

mucopenosteal flap was removed in the medial region of the palate and two relaxation 

incisions were made. The remaining palatal mucopenosteum was elevated, repositioned 

and sutured in the midline. Tattoo points (numbers 1 to 6) were placed near the wound 

margins. 

Subsequent to the placement of the tattoo points, in animals of the LL 

group, the denuded bony areas were irradiated repeatedly using a 

Medical Ρ Laser 924 (Creative Medical Systems, Copenhagen, Den

mark). This device emits a continuous wave Ga-As-AI laser beam with a 

wavelength of 830 nm and an energy output rated at 30 mW. A convex 

lens system with beam divergence of 4 degrees was used. A dosage of 

1 J was administered at each exposure as prescribed by the manufac

turer which was accomplished by setting the exposure time at 33 

seconds. Each denuded bony area required four exposures equally 

distributed on the wound surface area per treatment to get a mean 

dosage level of 1 J/cm2. The probe measuring a diameter of 5 mm was 

activated when full tissue contact was made. Irradiation was carried out 

immediately after surgery and further three times a week with a total 

amount of ten treatments. 

The animals of the other experimental group, group L, received neither 

laser treatment nor sham irradiation. 
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Wound healing was compared qualitatively between the experimental 

groups by clinical inspection every two days until wound healing was 

completed. For quantitative evaluation the animals were premedicated 

with 0.5 ml Thalamonal" (Fentanyl 0.05 mg/ml + Droperidol 2.5 mg/ml) 

and 0.5 ml Atropine" (Atropine Sulphate 0.5 mg/ml) and anesthetized 

with an intra-venous injection of 15 mg/kg Nesdonal" (Thiopental 

Sodium 50 mg/ml). Subsequently, standardized intra oral photographs of 

the palate were taken at 0, 1, 2, 3, 5, 7, 10 and 13 weeks postoperati

vely. A Nikon" F Body and a Medical Nikon" fixed focus lens (1:5.6, 

f = 200 mm) with an integrated ringflash and Kodak" Ektachrome film 

(200 ASA) were used. The reproduction ratio was 2/3. A plane intra 

oral mirror was placed behind the tuberosities of the maxilla at an angle 

of 45 degrees to the palate. Optimal sharpness was obtained by moving 

the camera and two exposures were made at each occasion. The error 

of the photographic procedure was studied in five dogs of 0, 1, 2, 3 

and 13 weeks postoperatively. In these dogs the procedure was repea

ted five times at 5 minute intervals. The best of the two slides of each 

occasion was projected and enlarged (magnification 10x) to trace the 

centres of the tattoo points and the contours of the wound surface 

areas on transparant paper. Subsequently, these tracings were digitized 

using an electronic measuring tablet (Hitachi" type HDG 11) which had a 

linear accuracy of 0.2 mm. All tracings and measurements were carried 

out blind by two independent observers. For all further calculations the 

means of the measurements of the two independent observers were 

used. 

The error of the tracing procedure and the measuring method were 

determined using longitudinal series of photographs of four dogs. 

Pearson's correlation coefficients were calculated between the two 

independent observers for the increments of the three distances be

tween the tattoo points and the determination of the wound surface 

areas. 

The weekly means and SEM of the wound surface areas of the two 

experimental groups were calculated until wound closure was comple

ted, and compared using the Mann-Whitney test. 

122 



To quantify wound contraction, weekly increments (mean and SEM) 

were calculated of the following distances (figure 1): 

В (bony areas): the sum of the distances between the opposite tattoo 

points on the wound margins of the denuded bony areas (1-2) + (3-4); 

These distances were added to avoid an error due to possible shifting of 

the mobilized mucoperiosteum during the early wound healing. 

Τ (transversal width): the distance between the tattoo points on the 

outer wound margins (1-4); 

M (medial region): the distance between the opposite tattoo points in 

the medial region of the palate (5-6). 

The means and SEM of all groups were compared mutually for each 

increment period separately and for the overall increment period using 

the parametric analysis of variance (ANOVA) to test the hypothesis that 

the means are equal. Tukey's multiple comparisons test was used for 

further exploration of the found differences between the groups. 

Results 

Reproducibility of the method 

The total error of the method is made up of an error of the photographic 

procedure, the tracing procedure and a measurement error. The photo

graphic error reflects the reproducibility of positioning the camera with 

respect to the oral cavity of the dog. The error of the tracing procedure 

consists of an error due to inexact defining of the centres of the tattoo 

points and wound surface areas on the transparant paper. The measure

ment error is due to inexact assessment of the centres of the tattoo 

points and wound surface areas when digitizing and an inaccuracy of 

the measuring device. No significant systematic differences were found 

between the independent observers for the three distances between the 

tattoo points and the wound surface areas. The total error of about 0.2 

mm was compared with the standard deviations of the weekly incre

ments of all distances. It was concluded that the standard deviation 

was mainly determined by biological variations and not by the total 

error. Pearson's correlation coefficient of the two independent observers 

for the increments of Β, Τ and M were 0.77, 0.66 and 0.81 respective-
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ly. Pearson's correlation coefficient of the two independent observers 

for determination of the wound surface areas was 0.81. The accuracy 

of the method was considered to be acceptable. 

Wound healing: clinical observations 

No distinct differences could be observed between the groups regarding 

the clinical aspects of wound healing apart from a more hyperaemic 

aspect of the newly formed tissue after each laser treatment than 

before treatment in the LL group and compared to the L group. In both 

experimental groups the denuded bony areas were filled with coagulum 

shortly after surgery. After two days a fibrin-like, yellow coloured 

granulation tissue had formed on the former denuded bony areas. The 

wound margins were somewhat swollen and inflammatory signs were 

obvious. Furthermore, wound surface areas were decreased by move

ment or outgrowth of the wound margins during the first week after 

surgery which was true for both experimental groups. One week after 

surgery, wound margins were still red coloured due to inflammatory 

reactions and the wound surface areas decreased, predominantly by 

connective tissue activity from the wound margins in both experimental 

groups. It seemed that the connective tissue activity was more pronoun

ced from the lateral side than from the medial side. 

The wound surface areas decreased over time and fusion of the opposi

te wound margins occurred two to three weeks after the operation. The 

fusion line of opposite wound margins was located more to the medial 

side of the centres of the former denuded bony areas. These aspects 

were true for both experimental groups. The inflammatory aspects had 

disappeared and a smooth scar tissue with a normal appearance had 

developed. Palatal rugae did not develop in the healed area. 

Wound healing: quantitative measurements 

Wound surface areas (mean and SEM) were calculated weekly until the 

wounds were closed for the irradiated and the non-irradiated groups to 

quantify the rate of wound healing. About 90% of the initial wound 

surface areas in both experimental groups was closed after the first 

week p.o. After two weeks p.o., about 98% of the initial wound 
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surface areas of both experimental groups was closed. After four weeks 

p.o. wound healing was completed in both groups. Results are presen

ted in table 1. Mann-Whitnev's non parametric statistical test for 

independent samples revealed no significant differences between the 

two experimental groups for any of the periods. 

Table 1: Wound surface areas m mrr? {mean and SEMI of group LL and L. 

weekt ρ о group LL group L significance 

η 

12 
12 
12 
12 
12 

mean SEM 

221 42 ± 8 33 
22 22 ± 6 18 

0 26 ± 0 11 
0 00 ± 0 00 
0 00 ± 0 00 

η 

12 
12 
12 
12 
12 

mean SEM 

218 81 ± 9 31 
11 27 ± 2 34 

0 14 ± 0 06 
0 03 ±0 03 
0 00 ± 0 00 

Wound surface areas of the experimental groups, LL and L in mm1 (mean and SEMI until 4 

weeks p.o. Results of Mann-Whitney's test are given with level of significance for 

in ter group differences. 

ns Ρ > 0.05 

• 0.01 < Ρ s 0 . 0 5 

· * Ρ S 0 0 7 

Wound contraction: quantitative measurements 

Wound contraction was quantified by measuring the periodic increments 

of the three distances between the tattoo points. Results are presented 

in table 2, 3 and 4 and in figure 2, 3 and 4. The increments (mean and 

SEM) of the three distances Β, Τ and M were plotted against the age 

(weeks p.o.) of the animals. Distance В (table 2, figure 2) showed no 

significant differences between the irradiated and non-irradiated group 

or between the non-irradiated and the control group for all increment 

periods. However, a significant difference did occur between the control 

group and the non-irradiated group during the first week after operati-

on.The overall increment period from 0 to 13 weeks postoperatively 

showed no significant differences between any of the groups. Distance 

Τ (table 3, figure 3) showed no significant differences between the 

three groups for all increment periods. Distance Τ increased for nearly 

all increment periods in all groups. 
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Table 2 Mean increments (mm/weekl of distance В (1-2) + (3-4) 

increment 
period 

0-1 
1-2 
2 3 
3 5 
5 7 
7-10 
10-13 

η 

12 
12 
12 
12 
10 
10 
10 

group LL 

mean SEM 

1 83 ± 0 26 
0 52 ± 0 12 
0 15 ± 0 16 
0 22 ± 0 07 
0 07 ± 0 04 
0 06 ± 0 05 

0 20 ± 0 08 

Overall increment in mm 

0 13 10 1 22 ± 0 45 

η 

12 
12 
12 
10 
10 
10 
10 

10 

group 

mean 

1 12 
-0 55 
0 16 
0 18 
0 1 2 
0 10 
0 13 

1 00 

L 

± 
± 
± 
± 
± 
± 
± 

± 

SEM 

0 35 
0 28 
0 24 
0 1 5 
0 03 
0 06 
0 05 

0 64 

η 

6 
6 
θ 
β 

θ 
θ 
6 

6 

group 

mean 

-0 01 
0 08 
0 16 
0 14 
0 03 
0 02 
0 16 

0 73 

С 

± 
± 
± 
± 
± 
± 
± 

± 

SEM 

0 09 
0 13 
0 28 
0 14 
0 04 
0 07 
0 07 

0 60 

ANOVA 

.. 
ns 
ПЕ 

ne 
ns 
ns 
ns 

ns 

Tukey 

LL<C 

-
-
. 
. 
-
-

Increments in mm/week (mean and SEM) of distance В (1-2) + (3 41 Experimental groups 
(LL and L) and the control group (CI Increment period 0-1 means the increment period 
from 0 to 1 week ρ о of age Results of ANOVA test end Tukey's multiple comparisons 
test are given with the level of significance for mtergroup differences 
ns Ρ > 0 05 

0 01 < Ρ < 0 0 5 

· * Ρ s 0 0 / 

increment m mm/week (mean and SEM) 

Figure 2 Distance В (1 2) + (3 4) Increments m mm (mean and SEM) plotted against the 
age in weeks ρ о of the LL, L and С group 
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Table 3: Mean increments (mm/weekl of distance J· 11-4). 

increment 
period 

0-1 
1-2 
2-3 
3-5 
5-7 
7-10 
10-13 

η 

12 
12 
12 
12 
10 
10 
10 

group LL 

mean SEM 

0 46 ± 0 28 
-0 14 ± 0 15 
-0 07 ± 0 21 
0 36 ± 0 07 
0 28 ± 0 06 
0 18 ± 0 04 
0 16 ± 0 09 

η 

12 
12 
12 
12 
10 
10 
10 

group L 

mean SEM 

0 84 ± 0 48 
0 07 ± 0 28 
0 05 ± 0 22 
0 21 ± 0 11 
0 30 ± 0 05 
0 12 ± 0 09 
0 08 ± 0 16 

π 

6 
6 
6 
6 
6 
6 
6 

group С 

mean SEM 

0 79 ± 0 13 
0 29 ± 0 17 
0 33 ± 0 29 
0 26 ± 0 16 
0 18 ± 0 07 
0 15 ± 0 0 1 
0 08 ± 0 05 

ANOVA Tukey 

ne 
ns 
ns 
ns 
ns 
ns 
ns 

Overall increment in mm 

0-13 10 2 68 ± 0 57 10 1 33 ± 1 07 6 2 98 ± 0 62 

Increments in mm/week (mean and SEMI of distance B:(1-2) + (3-41. Experimental groups 

(LL and LI and the control group (CI. Increment period 0-1 means: the increment period 
from 0 to 1 week ρ о of age. Results of ANOVA test and Tukey's multiple comparisons 
test are given with the level of significance for intergroup differences. 
ns Ρ > 0.05 

• 0.01 < Ρ S 0 . 0 5 

· · Ρ* 0.01 

1.5 

1 

0 5 

0 

-0.5 

- 1 

-1 5 

- 2 

-2.5 

increment in mm/week (mean and SEM) 

т. (1-4) 

- ^ L L - Θ - L - А - с 

— : ι 1 1 1 ! 1 1 1 1 1 1 ι 1 — 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
age (weeks p.o.) 

Figure 3: Distance T:(1-4). Increments in mm (mean and SEMI plotted against the age 'in 

weeks p.o. of the LL, L and С group 
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Distance M (table 4, figure 4) showed significant differences between 

the control and both the irradiated and non-irradiated groups during the 

first two weeks after operation. No significant differences between the 

increments of the groups were observed for the remaining experimental 

period. The positive increments of both the irradiated and non-irradiated 

groups in the first week after the operation were greater than for the 

control group indicating that the tattoo points were moving apart shortly 

after surgery. 

During the second week after surgery negative increments were found 

in the irradiated and non-irradiated groups whereas in this period the 

control group showed a positive increment indicating that the tattoo 

points in the experimental groups moved towards each other in the 

second week after surgery. The remaining increment periods and the 

overall increment period showed a gradual increase in distance M for all 

groups. 

Table 4: Mean increments Imm/weekl of distance M: 15-6). 

increment 
period 

group LL group L group С ANOVA Tukev 

0-1 
1-2 
2-3 
3-5 
5-7 
7-10 
10-13 

η 

12 
12 
12 
12 
10 
10 
10 

meen 

1 25 ± 
-0 12 ± 
-0 07 ± 
0 07 ± 
0 05 ± 
0 09 ± 

0 1β ± 

Overall increment in mm 

0-13 10 1 89 ± 

SEM 

0 12 
0 04 
0 06 
0 01 
0 04 
0 04 
0 09 

0 35 

η 

12 
12 
12 
12 
10 
10 
10 

10 

mean 

1 04 
-0 15 
-0 01 
0 01 
0 04 
0 03 
0 08 

0 62 

± 
± 

± 
± 
± 
± 
± 

± 

SEM 

0 16 
0 03 
0 03 
0 03 
0 03 
0 02 
0 05 

0Θ2 

η 

6 
6 
6 
θ 
6 
6 
θ 

6 

mean SEM 

0 30 ± 0 06 
0 10 ± 0 04 
0 08 ± 0 03 
0 02 ± 0 02 
0 07 ± 0 04 
0 03 ± 0 02 
0 03 ± 0 03 

0 86 ± 0 10 

κ 1 

• 

ne 
ns 
ne 
n» 
n« 

ns 

LL.L>C 
LL.L<C 

-
-
-
-
-

-

Increments in mm/week Imean and SEMI of distance B.I1-2I + (3-4). Experimental groups 

ILL and LI and the control group (CI. Increment period 0-1 means: the increment period 

from 0 to 1 week p.о of age. Results of ANOVA test and Tukey's multiple comparisons 
test are given with the level of significance for mtergroup differences. 
ns Ρ > 0.05 

0.01 < Ρ £ 0 . 0 5 

· * Ρ S 0.0/ 
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increment in mm/week (mean and SEM) 

τ 1 1 1 r 
4 5 6 7 8 9 10 11 12 13 14 15 

age (weeks p.o.) 

Figure 4: Distance M:(5-6). Increments in mm (mean and SEM) plotted against the age 

in weeks p.o. of the LL, L and С group. 

Discussion 

In this study, the effect of Low Level Laser Therapy on wound healing 

and wound contraction after palatal surgery in Beagle dogs was investi

gated. The non-cleft Beagle model was considered to be useful for such 

a study since a bony cleft is not essential to study the effects of soft 

tissue surgery or to investigate wound healing. 

In our study both wound surface areas in the same animal were irradi

ated using Low Level Laser Therapy, so avoiding possible systemic 

effects of laser irradiation (Takeda, 1988; Braverman et al., 1989) 

which might explain why some studies have failed to reveal significant 

effects when comparing an irradiated wound to a non-irradiated opposi

te wound in the same animal (Hunter et al., 1984; Abergel, 1987; 

Longo et al., 1987; Strang et al., 1988; Anneroth, 1988). 

Clinical wound healing in both experimental groups revealed no marked 

differences and wound surface area reduction was mainly determined 

by wound contraction in the early phase of wound healing; connective 
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tissue activity was predominant after the first postoperative week, 

especially from the lateral wound margins which was also described by 

Wijdeveld et al. (1987a,b). 

For the rate of wound healing no significant differences were found 

between both experimental groups indicating no acceleration of wound 

closure using Low Level Laser Therapy. Although our experiments were 

performed using open mucoperiosteal wounds much agreement exsists 

with the results of Braverman et al. (1989) and Jongsma et al. (1983) 

who reported no significant differences in the rate of wound healing of 

linear incisional skin wounds in rabbits and rats respectively, using 

similar methods of assessment, although different laser wavelengths, 

energy outputs, exposure times, woundareas and species were used in 

these studies. The significance of these factors on the stimulation of 

wound healing is still undetermined. For example (Longo et al., 1987), 

lasers with a wavelength of 904 nm which were used because of their 

properties of good tissue penetration, applied 5 minutes daily for 5 days 

promoted wound healing of open skin wounds of 1 cm2 in rats. Laser 

applied under the same experimental conditions but with 10 minutes 

application daily, however, did not affect the experimental wounds. 

Wound contraction was predominantly determined by lateral migration 

of the medial wound margins during the first week after surgery for the 

two experimental groups. However, significant differences were only 

found between the laser and control group. Corresponding lateral 

migration of the margins of the wound in the medial region of the palate 

occurred in this period. The dehiscence of the wound was partly com

pensated during the second week after the operation, when wound 

contraction was found in the medial region of the palate. 

The total amount of wound contraction measured over all periods at the 

end of the experimental period revealed that no significant differences 

existed between any of the groups for all parameters measured. Appa

rently, significant initial movement of tattoo points was compensated 

during the experimental period by mucoperiosteal growth. The same 

migration pattern of tattoo points was found by Wijdeveld et al. (1987-

a,b) who performed palatal surgery in Beagle dogs at different ages 

using the same experimental set-up. It was concluded that Low Level 

Laser Therapy applied under conditions used in this study seems to have 
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no marked influence on the rate of wound healing and wound contracti

on. The same holds true for the outgrowth of epithelial and connective 

tissue from the wound margins. The adherence to the underlying bone 

and quality of the treated scar tissue, however, might be influenced by 

Low Level Laser Therapy. Although Low Level Laser Therapy seems to 

have no influence on the short term, positive effects may become 

apparent on the long run i.e. during the emergence of the permanent 

dentition. This will be investigated in a further study. 
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The effect of Low Level Laser Therapy 

on maxillary arch dimensions after palatal 

surgery on Beagle dogs 

Abstract 

The effect of low level laser treatment on maxillary arch dimensions 

after palatal surgery at an age of 12 weeks was investigated in Beagle 

dogs. A total of 30 Beagle dogs were used and they were assigned to a 

control group (Group C; π = 6) and two experimental groups (Group L; 

η = 12 and group LL; η = 12). 

After Von Langenbeck's palatal repair in the two experimental groups, 

denuded bony areas in the LL group were irradiated with a continuous 

Ga-As-AI laser beam (830 nm) and energy output set at 30 mW. A 

dosage of 1 J/cm2 wound surface area was used. Treatment was 

carried out three times a week with a total of ten treatments. The 

animals of the L group served as non-treated control animals. Dental 

casts were made of all animals of all groups at regular intervals until 25 

weeks of age. Maxillary arch dimensions were studied. 

Dental arch dimensions in the deciduous dentition of both experimental 

groups were not disturbed by surgery, but after eruption of permanent 

teeth, mainly transvere maxillary arch dimensions in the premolar region 

increased less in both experimental groups than in the control group. It 

was concluded that low level laser treatment under the conditions used 

in this study did not decrease the adverse iatrogenic effects of palatal 

surgery on maxillary arch dimensions. 
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Introduction 

Abnormal dento-alveolar development is a common finding in patients 

with repaired complete clefts of lip, alveolus and palate (Ross and 

Johnston, 1972; Bergland and Sidhu, 1974; Jorgenson et al., 1984; 

Witzel et al., 1984; Ross, 1987). Especially with respect to palatal 

repair many controversies exist such as the age at which surgery should 

be performed (Robertson and Fish, 1975; Hotz and Gnoinsky, 1976; 

Schweckendiek, 1978) and the role of wound healing and wound con

traction in dento-alveolar development (Kremenak, 1984; Wijdeveld et 

al., 1987, 1991). 

Animal experiments on Beagle dogs demonstrated that palatal surgery 

mainly disturbed the transverse development of the maxillary dental 

arch, especially when surgery was performed before or during transition 

of the deciduous dentition (Wijdeveld et al., 1989). Apart from the 

timing of surgical repair, iatrogenic morphological changes of palatal 

mucoperiosteum after surgery seem to be of importance in causing the 

adverse effects after surgery (Kremenak, 1984; Wijdeveld et al., 1989). 

Wijdeveld et al. (1991) observed that after palatal surgery in Beagle 

dogs, newly formed scar tissue in the former denuded bony areas was 

firmly attached to the underlying bone by means of Sharpey's fibres and 

lacked elastic fibres. The collagenous fibres of the scar tissue were 

organized into thicker bundles oriented in a transverse direction and 

periodontal fibres fanned out into the scar tissue. The different proper

ties of the scar tissue presumably cause a changed stress distribution 

during eruption of permanent teeth, resulting in unfavourable maxillary 

arch dimensions (Wijdeveld et al., 1989). 

Manipulation of the wound healing process after surgery, and thus of 

the formation of scar tissue, could be beneficial to dento-alveolar 

development. One way to accomplish this goal would be the use of low 

level laser treatment (LLLT) which is claimed to have a biostimulatory 

effect on wound healing and the formation of scar tissue (Abergel et al., 

1987; Lyons et al., 1987; Kert and Rose, 1989). In a previous study (In 

de Braekt et al., 1991) we reported on the effects of LLLT on wound 

healing and wound contraction after palatal surgery in Beagle dogs. No 

significant effects could be demonstrated on wound contraction and 
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rate of wound closure. However, indirect effects of LLLT on dento-

alveolar development might become obvious after transition. The 

purpose of the present study was to evaluate the effect of LLLT on 

maxillary arch dimensions after palatal surgery in Beagle dogs. 

Material and methods 

Thirty Beagle dogs (18 females and 12 males), were randomly assigned 

to three groups: two experimental groups (group L and group LL) and 

one control group (group C). In both experimental groups (both η = 12) 

palatal surgery according to Von Langenbeck was carried out at 12 

weeks of age, i.e. after eruption of the deciduous dentition. The animals 

of the control group (n = 6) were also 12 weeks of age at the start of 

the experiment. The animals were matched for body weight and sex. 

Prior to surgery the animals were premedicated with 0.5 mL Thala-

monal" (fentanyl 0.05 mg/mL + droperidol 2.5 mg/mL) and 0.5 mL 

Atropine" (atropine sulphate 0.5 mg/mL; Jansen Pharmaceutica, Beerse, 

Belgium). Subsequently, they were anesthetized with an intra-venous 

injection of 15 mg/kg Nesdonal" (thiopental sodium 50 mg/mL). After 

intubation anesthesia was maintained with Ethrane" (enflurane 15 

mg/mL). The dentition and oral mucosa were cleaned with Chlorhexidine 

digluconate 1 % in water followed by injections of Xylocaine" (lidocaïne 

hydrochloride 0.4 mg/mL + epinephrine 1:100,000) in the palatal 

mucoperiosteum to prevent excessive bleeding during operation. 

In animals of both experimental groups a standardized elliptical soft 

tissue defect was created in the medial region of the palate by excising 

a mucoperiosteal flap. This flap had a width of one third of the transver

se distance between the first deciduous molars and extended distally 

from the canines to the region of the hard palate distal to the deciduous 

third molars. On both sides of the palate relaxation incisions were made 

parallel to the dental arch, approximately 2 mm away from the teeth. 

Subsequently, the mucoperiosteum was elevated and the soft tissue 

defect was closed at the midline, leaving two areas of denuded bone 

adjacent to the dentition. The defect was left open to heal by secondary 

epithelialization (figure 1). For a detailed description of the surgical 
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procedure see Wijdeveld et al. (1987). In the control group no surgery 

was performed. All experimental animals received 1 mL of AlbipenR 15 

% consisting of ampicillin anhydrate 150 mg/mL and maintenance doses 

of 1 mL AlbipenR LA (ampicillin anhydrate 100 mg/mL; Mycofarm, B.V., 

The Netherlands) the 2nd and 4th day postoperatively. All animals 

received a normal diet. 

Figure 1. Schematic drawing of the palate and the operation in groups L and LL. A 

mucopenosteal flap was removed in the medial region of the palate and two relaxation 

incisions were made The remaining palatal mucoperiosteum was elevated, repositioned 

and sutured in the midline. 

In animals of the LL group, the denuded bony areas were irradiated 

immediately after surgery by a Ga-As-AI Medical Ρ Laser 924 (Creative 

Medical Systems, Copenhagen, Denmark). This device emits a continu

ous laser beam with a wavelength of 830 nm and an energy output 

rated at 30 mW. A convex lens system with beam divergence of 4 

degrees was used. A dosage of 1 J/cm2 was prescribed by the manu

facturer. The probe of diameter 5 mm was activated when full tissue 

contact was made. To achieve the prescribed dosage of 1 J/cm2, four 

irradiations per denuded bony area were needed. Additionally, laser 

treatment was carried out three times a week for a total of ten times. 

The animals of the other experimental group, group L, received no laser 

treatment. Alginate impressions of the upper jaw of all animals were 
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taken prior to surgery at 12 weeks of age, and at 15, 17, 19, 22 and 

25 weeks of age. For this procedure the animals were premedicated 

with 0.5 mL Thalamonal* (fentanyl 0.05 mg/mL + droperidol 2.5 

mg/mL) and 0.5 mL atropine (atropine sulfate 0.5 mg/mL). Subse

quently, they were anesthetized with an intra-venous injection of 15 

mg/kg Nesdonal" (thiopental sodium 50 mg/mL). The alginate impressi

ons were preserved from drying and poured out within a few hours. 

Measuring points on dental casts were defined for the deciduous as well 

as the permanent dentition (figure 2 and 3): 

midpoint 

tip point 

midpoint between the central incisors; 

cusp tips of the right and left canines; deciduous 

first, second and third molars; the permanent first, 

second, third and fourth premolars; the permanent 

first molars. 

crista point mesial and distal margin at the gingival border of the 

right and left deciduous first and second molars; 

permanent first, second and third premolars. 

Figure 2 : Schematic drawing of the deciduous dentition with the measuring points. 
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Figure 3 : Schematic drawing of the permanent dentition with the measuring points. 

The coordinates of the measuring points were digitized by means of an 

Optocom (Van der Linden et al., 1972). Inevitably, due to the transition 

period, some measuring points were missing at some ages. Two inde

pendent observers measured all dental casts separately. The coordinates 

of the measuring points in the deciduous and permanent dentition were 

used for calculation of the following categories of variables: 

Transverse distance: 

Distance between all corresponding measuring points at the cusp tips of 

teeth on the right and left sides of the dental arch. 
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Archdepth: 

Distance between midpoint, and midpoint of distance between right and 

left cusp tips of the nrij in the deciduous dentition and the M, in the 

permanent dentition respectively. 

Tippina: 

Tipping was calculated as the distance of the cusp tips to the line 

between the mesial and distal crista point of the same tooth. It was also 

recorded, whether teeth tipped palatally or buccally. This was carried 

out for all deciduous first and second molars and all permanent first, 

second and third premolars. 

Rotation: 

Rotation was defined as the angle between the antero-posterior line 

used for the determination of the archdepth and the line through the 

mesial and distal cristae points of individual teeth. This was calculated 

for the same teeth as mentioned for tipping. 

Archform: 

To describe the archform, the angle between the line from the cusp tip 

of the most posterior tooth to the cusp tip of the m, or its successor 

and line of the cusp tip of the m, or its successor to midpoint was 

calculated. This was done for both sides of the dental arch. 

At the start of the experimental period, prior to surgery, the anterior-

posterior distance and four transverse distances in the deciduous 

dentition in all dogs were used for standardization to compensate for 

size and shape differences between different dogs. The mean values of 

each transverse distance and the anterior-posterior distance of all dogs 

were calculated. Subsequently, a standardization factor was determined 

for individual dogs which was calculated as the quotient of the mean 

value and the individual initial value. For each dog its standardization 
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factor was used during the entire experimental period. The animals were 

matched for body weight and sex difference. The total error of the 

method, due to errors in the impression procedure, error in defining the 

measuring points and measurement error was determined for each 

category of variables. Pearson's correlation coefficients between the 

measurements of the two independent observers were calculated for 

each category of variables. The means and SEM of all variables of all 

groups were compared mutually using the analysis of variance (ANOVA) 

to test the hypothesis that the means were equal. The significant diffe

rences between the groups were explored further by means of Tukey's 

multiple comparisons test. 

Results 

Reproducibility of the method 

No significant systematic differences were found between the two 

independent observers for the five categories of variables, i.e. transver

sal distance, anterior-posterior distance, tipping, rotation and archform. 

The total errors of the five categories of variables were 0.16 mm, 0.15 

mm, 0.14 mm, 1.8° and 0.2° respectively. These errors were compa

red separately with the standard deviation of the mean in each category 

and it was found that the total error was of minor importance. Therefo

re, we concluded that the standard deviation was mainly determined by 

biological variations and not by the total error. Pearson's correlation 

coefficient between the two independent observers for the five catego

ries of variables was 0.99, 0.99, 0.86, 0.93 and 0.97 respectively. 

Dental casts measurements 

The significant results of statistical analysis are presented in Table 1. In 

the deciduous dentition a significant difference was found only between 

group С and LL for the transverse distance between the deciduous 

second molars at 15 and 17 weeks of age. After the transition period, 

significant differences between groups C, L and LL in the permanent 
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dentition were observed for some transverse distances, tipping and 

archform. The transverse distance between the first premolars was 

significantly smaller in group L than in the control group at 22 and 25 

weeks of age. This distance between the second and third premolars, 

respectively, was significantly smaller at 22 and 25 weeks of age in 

both experimental groups L and LL compared with the control group. 

The right first premolar tipped more medially in group L than in the 

control group at 25 weeks of age. The right archform at 25 weeks of 

age was significantly more compressed in the premolar region in both 

experimental groups compared with the control group. However, no 

significant differences were observed between the experimental groups 

during the experimental period. As an example, the increase of the 

transversal distances between the first and second deciduous molars 

and their successors, the second and third premolar respectively, are 

visualized in figures 4 and 5. 

Table 1: Significant results of ANOVA and Tukey's multiple comparisons test for explorati
on of differences between groups C, L, and LL. Ages are given in weeks. Distances 
(width) are given in mm. Tipping and archform are given in degrees. 

variable 

P, tip width 

P, tip width 

P2 tip width 

Ρ, tip width 

m , tip width 

m 2 tip width 

P3 tip width 

Рз tip width 

P, tipping right 
Archform 

age 

2 2 
2 5 

2 2 
2 5 

15 

17 

2 2 
2 5 

2 5 

2 5 

group С 

mean 

3 0 . 4 ± 

30.9 ± 

3 3 . 0 ± 
33.4 ± 

41.7 ± 

42.7 ± 

38.7 ± 

39.1 ± 

-6.7 ± 
-3.4 ± 

SEM 

0.16 

0.13 

0.22 
0.31 

0.48 

0.46 

0 21 

0 32 

0.08 

0.22 

group L 

mean 

27.8 ± 
28.0 ± 

28.2 ± 

28.2 ± 

4 0 . 9 ± 

4 1 . 6 ± 

3 6 . 0 ± 
36.4 ± 

-2.6 ± 

-0.2 ± 

SEM 

0 . 2 1 
0 . 1 4 

0 . 1 0 

0 . 7 3 

0 . 3 9 
0 . 4 8 

0 . 1 8 

0 . 5 0 

0 . 0 5 
0 . 6 8 

group LL 

mean 

2 9 . 7 ± 

3 0 . 0 ± 

2 9 . 3 ± 

3 0 . 0 ± 

3 9 . 9 ± 

4 0 . 9 ± 

3 6 . 2 ± 
3 6 . 7 ± 

-4.5 ± 

-0.4 ± 

SEM 

0 . 1 3 
0 . 8 9 

0 . 2 2 
0 . 7 6 

0 . 1 5 
0 . 2 6 

0 . 2 5 
0 . 6 6 

0 . 1 0 

0 . 6 6 

ANOVA 

• 

» 
ш 

* • 

» 
* » 
» 
• 
• 

» 

Tukey 

L < C 

L < C 

L,LL<C 
L,LL<C 

L L < C 

L L < C 

L,LL<C 

L.LL<C 

L > C 

L.LL<C 

ns Ρ > 0.05 
• 0.01 < Ρ <, 0.05 
· · P S 0.01 
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35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

distance In mm (mean and SEM) 
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Discussion 

For this study Beagle dogs were used. The animals in all groups were 

matched for body weight and sex because these variables can have an 

influence on the results. Reduced body weight can inhibit general 

growth and thus dento-alveolar development. Sex differences can 

interact with age and treatment (Carter et al., 1991). From the results in 

our study it can be concluded that palatal surgery with or without 

subsequent LLLT had no major influence on maxillary arch dimensions in 

the deciduous dentition. Only the laser group showed a smaller transver

se distance between the deciduous second molars at 15 and 17 weeks 

of age compared with the control group, while the non-irradiated Von 

Langenbeck group did not which can not be explained. After eruption of 

the permanent teeth, the control and both experimental groups showed 

a smaller transverse distance between the second and third premolars 

compared with those between the deciduous precursors, which can be 

explained by the fact that normally, emergence of the permanent teeth 

takes place palatally to the deciduous ones. In the experimental groups 

these distances diminished further due to the operation. This is in 

accordance with results of Wijdeveld et al. (1987, 1989) who also 

found that palatal surgery resulted in significant smaller transverse 

distances between the first, second and third premolars while the 

transverse distances between the fourth premolars and the first perma

nent molars were not affected. Wijdeveld et al. (1989) theorized that in 

Beagle dogs an open bite exists in the anterior premolar region while 

more posterior teeth erupt in a firm scissors bite. Due to this scissors 

bite, the fourth premolars and the first permanent molars maintain their 

normal position while in the open bite region the absence of this scis

sors bite allowed unfavourable effects of palatal surgery. Another 

explanation could be that a marked influence of palatal surgery on 

posterior teeth could not develop because the operated area ended just 

distal to the deciduous third molars which are the predecessors of the 

fourth premolars. Also in cleft patients, clinically, a collapse of the 

dental arch can be observed during eruption of the permanent teeth. At 

that time, no interdigitation is present since deciduous molars are flat 

due to attrition. In the permanent dentition hardly any significant 

145 



differences were observed between any groups for rotation and tipping 

of teeth except for the right first premolar which tipped more palatally in 

the experimental groups than in the control group. It remains unclear 

why only one side of the dental arch was affected while the other side 

was not. The absence of marked rotations or tippings indicates that the 

smaller transverse maxillary dimensions found in the experimental 

groups is the result of a decreased lateral bodily movement of the 

premolars. This is in contrast with findings by Wijdeveld et al. (1989, 

1991) who reported that the decrease of the transverse dimensions by 

surgery was partly caused by tipping of these teeth with corresponding 

cervico-palatal and apico-buccal alveolar bone resorption. The archform 

in the right side of the permanent dentition was significantly more 

compressed in the premolar region in the two experimental groups than 

in the control group. This would be the result of the more palatal 

location of the second premolar in the two experimental groups. When 

comparing the archform in the experimental and control group, the p-

values found for the right and left archforms were 0.039 and 0.056 

respectively, suggesting that both archforms might be affected. 

The present study revealed that LLLT had no modifying effect on the 

response to surgery for most variables studied. It must be concluded 

that on the long term no beneficial effects of LLLT on maxillary arch 

dimensions could be demonstrated in this study. 
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The influence of Low Level Laser Therapy 

on wound healing after palatal surgery 

in Beagle dogs. A histological evaluation 

Abstract 

The effect of Low Level Laser Therapy on wound healing after palatal 

surgery in Beagle dogs was investigated histologically. A total of 20 

Beagle dogs, 12 weeks of age, was assigned to a control group (Group 

C; η = 4) and two experimental groups (Group L; η = 8 and group LL; 

n = 8). 

In both experimental groups, Von Langenbeck's palatal repair was 

simulated. Then in the LL group the denuded bony areas were treated 

with Low Level Laser Therapy using Ga-As-AI (830 nm) with a continu

ous laser beam, the energy output was set at 30 mW. Per treatment a 

dosage of 1 J/cm2 wound surface area was used. Therapy was carried 

out three times a week with a total of ten treatments. 

Animals were sacrificed at the age of 13, 14, 19 and 25 weeks. Serial 

transverse sections of the maxillary tissue were studied histologically. 

Results indicated that initially the laser treated group showed the 

formation of a more fibrous type of healing tissue compared to the Von-

Langenbeck group but later on tissues were comparable in both groups. 

Finally, in both groups the scar tissue lacked elastic fibres and was 

firmly attached to the underlying bone by means of Sharpey's fibres. 

Cervico-palatal resorption of alveolar socket bone indicated medial 

tipping of teeth. It was concluded that Low Level Laser Therapy under 

conditions used in his study did not have an effect on the final quality of 

scar tissue. 
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Introduction 

Primary palatal surgery in cleft palate patients results initially in benefici

al effects on velopharyngeal closure and speech but later on, disturban

ces in maxillary growth and dento-alveolar development become obvious 

(Ross and Johnston, 1972; Bergland and Sidhu, 1974; Ranta et al., 

1974; Ross, 1987). Wound contraction and scar tissue formation 

subsequent to surgery were hypothetized as the main causes of the 

adverse effects on maxillary growth and development (Olin et al., 1974; 

Kremenak, 1984). Wijdeveld et al. (1991) observed that newly formed 

scar tissue in the former denuded bony areas contained thick bundles of 

collagenous fibres. It was firmly attached to the underlying bone by 

means of Sharpey's fibres and lacked elastic fibres. The properties of 

the scar tissue presumably changed the biomechanical circumstances 

during the eruption of permanent teeth resulting in disturbances of 

maxillary arch dimensions (Wijdeveld et al., 1989). Low Level Laser 

Therapy is supposed to influence wound healing (Strang et al., 1988; 

Yamamoto et al., 1989; Kert and Rose, 1989) and the quality of the 

scar tissue. This might diminish the disturbances in maxillary growth 

and dento-alveolar development. The enhancement of wound healing by 

Low Level Laser Therapy might be due to the stimulation of collagen 

production as is described both in vitro (Abergel, 1987) and in vivo 

(Lyons et al., 1987; Longo et al., 1987). Also increased cross-linking of 

existing collagen molecules and improved organisation of functional 

collagen fibres might be the result of Low Level Laser Therapy (Lyons et 

al., 1987). The great variety of parameters used in literature give 

confusing results concerning the effects of Low Level Laser Therapy on 

the microscopical level (Abergel et al., 1987; Lyons et al., 1987; Longo 

et al., 1987; Anneroth, 1988; Braverman et al., 1989). Investigations 

on the effect of Low Level Laser Therapy on healing of skin wounds in 

rats revealed an improved epithelial regeneration from the wound edges 

and fibroblastic proliferation in the absence of inflammatory infiltrates 

(Lyons et al., 1987; Longo et al., 1987). However, other investigators 

showed no histological differences between epithelialization of laser 

irradiated skin wounds in rabbits compared to non-irradiated control 

wounds (Braverman et al., 1989). Anneroth et al. (1988) demonstrated 
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no obvious histological differences between laser treated and non-

treated skin wound areas in rats. In an earlier study in Beagle dogs no 

significant differences were shown on the macroscopical level in the 

rate of wound closure or wound contraction after palatal surgery 

combined with Low Level Laser Therapy (In de Braekt et al., 1991a). 

Dento-alveolar development was disturbed whether or not Low Level 

Laser Therapy was used. Mainly the transversal distances between 

corresponding teeth in the upper jaw were smaller compared to a 

control group in which neither surgery nor Low Level Laser Therapy was 

performed (In de Braekt et al., 1991b). However, the quality of the scar 

tissue and the firm attachment with the underlying bone may be altered 

by Low Level Laser Therapy. 

The purpose of the present study was to evaluate histologically the 

influence of Low Level Laser Therapy on tissue response after palatal 

surgery in Beagle dogs. 

Material and methods 

For this experiment 20 Beagle dogs were divided at random into three 

groups, two experimental groups (group L and group LL) and one 

control group (group C). In both experimental groups (both η = 8) palatal 

surgery simulating Von Langenbeck's operation was performed at 12 

weeks of age, i.e. after completion of the deciduous dentition. The 

animals of the control group (n = 4) were also 12 weeks of age at the 

start of the study. Prior to surgery the animals were premedicated with 

0.5 ml ThalamonalR (Fentanyl 0.05 mg/ml + Droperidol 2.5 mg/ml) and 

0.5 ml Atropine" (Atropine Sulphate 0.5 mg/ml). Subsequently, they 

were anesthetized with an intra-venous injection of 15 mg/kg Nesdonal" 

(Thiopental Sodium 50 mg/ml). After intubation anesthesia was maintai

ned with Ethrane" (Enflurane 15 mg/ml). The dentition and oral mucosa 

were cleaned with Chlorhexidine Digluconate 1 % in water followed by 

injections of Xylocaine" (Lidocaïne Hydrochloride 0.4 mg/ml + Adrenali

ne 1:100,000) in the palatal mucoperiosteum to prevent excessive 

bleeding during operation. In animals of the experimental groups a 

standardized elliptical soft tissue defect was created in the medial region 
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of the palate by excising a mucoperiosteal flap. This flap had a width of 

one third of the transverse distance between the first deciduous molars 

and extended distally from the cuspids to the region of the hard palate 

distally of the deciduous third molars. On both sides of the palate 

relaxation incisions were made parallel to the dental arch. Subsequently, 

the mucoperiosteum was elevated and the soft tissue defect was closed 

at the midline, leaving two areas of denuded bone adjacent to the 

dentition. The wound defect was left open to heal by secondary epithe-

lialization (figure 1). For a detailed description of the surgical procedure 

see Wijdeveld et al. (1987) In the control group no surgery was perfor

med. All experimental animals received 1 ml of AlbipenR 15% consis

ting of ampicillin anhydrate 150 mg/ml and maintenance doses of 1 ml 

AlbipenR LA (ampicillin anhydrate 100 mg/ml) the 2°* and 4<h day post

operatively. All animals received a normal diet. 

Figure 1: Schematic drawing of the palate and the surgical procedure. A mucoperiost

eal flap was removed in the medial region of the palate and two relaxation incisions 

were made. The remaining palatal mucopenosteum was elevated, repositioned and sutured 

in the midline. 

In animals of the LL group, the denuded bony areas were irradiated 

repeatedly using a Medical Ρ Laser 924 (Creative Medical Systems, 

Copenhagen, Denmark). This device emits a continuous wave Ga-As-AI 

laser beam with a wavelength of 830 nm and an energy output rated at 

30 mW. A convex lens system with beam divergence of 4 degrees was 
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used. A dosage of 1 J/cm2 was used on the wound surface area as 

prescribed by the manufacturer which was accomplished by setting the 

exposure time at 33 seconds. The probe measuring a diameter of 5 mm 

was activated when full tissue contact was made. Each denuded bony 

area required four exposures per treatment. This was carried out three 

times a week with a total amount of ten treatments. The animals of the 

other experimental group, group L, received no laser treatment. For 

histological evaluation the animals of the experimental groups were 

sacrificed in pairs at 13,14,19 and 25 weeks of age. The animals of the 

control group were sacrificed in pairs at 18 and 27 weeks of age. After 

premedication with Thalamonal" they were brought under general 

anaesthesia using 30 mg/kg Narcovet" after which 0.5 mg/kg Heparin 

(Thromboliquine") was administered. After some minutes an overdose of 

NarcovetR was injected intravenously. The vascular system was perfu

sed with physiologic saline, followed by 4% neutral formaldehyde as a 

fixative. After perfusion, the maxillae were dissected and immersed in 

4% neutral formaldehyde for another two weeks. They were then 

sawed into smaller blocks. They were decalcified in 20% Formic acid 

and 5% sodium citrate, dehydrated, and embedded in Paraplast". Serial 

frontal sections of 7//m were prepared and stained with Haematoxylin 

and Eosin for general survey. Selected sections were stained according 

to Taenzer-Unna for the study of elastic fibres (Lillie, 1965). A modified 

Herovici polychrome staining was used for the study of young and old 

collagen (Herovici, 1963). This staining is indicative for the presence of 

type I and III collagen (Levarne and Meyer, 1987). 

Results 

The control group 

The superficial layer of the palatal mucoperiosteum consisted of parake-

ratotic stratified squamous epithelium with many villi protruding into the 

underlying connective tissue. Just underneath the epithelium the 

connective tissue layer consisted mainly of a three-dimensional network 

of coarse collagenous fibres. In deeper layers sagittally oriented collage

nous fibres became more predominant and elastic fibres were randomly 
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distributed, especially near capillaries and larger blood vessels. Throug

hout the mucoperiosteum sagittally oriented large blood vessels and 

sinuses were present in the deeper layers of the connective tissue. Be

tween these sinuses the major palatine arteries and branches of the 

palatine nerves were located at the lateral aspect of the palate (figure 

Figure 2: Transverse section of the normal mucoperiosteum showing a three-dimensional 

network of coarse collagenous fibres just underneath the epithelium. In deeper layers 

sagittally oriented collagenous fibres are more predominant. E = epithelium, 

Ρ = palatal bone. Herovici's staining, magnification 75 x. 

In the youngest animals which were 18 weeks of age the periosteal 

layer was thick and cell rich. The palatal bone showed trabecular 

deposition and osteoid formation; active osteoblasts were found on the 

whole surfaces and in the mid-palatal suture. In the animals of 27 

weeks of age the periosteal layer demonstrated a thin cellular layer 

consisting mainly of resting osteoblasts. The fibrous layer of the periost

eum was attached to the underlying bone by means of thin collagenous 

fibres. The palatal bone was of the lamellar type and bone deposition 

was found neither on the palatal bone nor in the mid-palatal suture. The 

palatal mucoperiosteum was continuous with the periodontal ligament in 
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all control animals. The cervical periodontal fibres were fanning out into 

the deeper layers of the palatal connective tissue. In the youngest 

animals bone deposition was found on palatal as well as buccal aspects 

of the alveolar socket. In the older animals neither bone deposition nor 

bone resorption was found. 

The Von-Langenbeck group 

One week after the operation at 13 weeks of age, the epithelium did 

not cover completely the wounds at the denuded bony areas. The 

epithelium was proliferating from both wound margins and was not yet 

keratinizing. Vascular granulation tissue infiltrated with polymorphonu

clear leucocytes, lymphocytes, plasma cells and macrophages covered 

the underlying palatal bone. Hyperaemic capillaries were also present in 

the granulation tissue at the lateral wound areas. Herovici's staining 

indicated that type III collagenous fibre formation had occured without a 

distinct orientation. No elastic fibres were present in the healing tissue 

(figure 3 and 4). 

GT 

Г -

< 

Figure 3: Group L. Borderline between the normal mucoperiosteum IN) and the granulation 
tissue at the former denuded bony areas IGT). E - epithelium. Herovici's staining, 
magnification 75 x. 
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Ядиге 4: Detail of figure 3 showing the granulation tissue, mainly consisting of type III 

collagenous fibre without a distinct orientation. Herovici's staining, magnification 120 x. 

The mucoperiosteum that had remained after surgery showed its normal 

appearance. The blood sinuses and major palatine arteries and nerves 

were displaced medially by surgery which persisted throughout the 

experimental period. The connective tissue was re-attached to the 

underlying bone by a thick cell-rich periosteum with few inflammatory 

cells. Active osteoblasts with trabecular bone deposition were present 

along the palatal bone except for some lateral parts of the palate where 

osteoclastic resorption was found. No periodontal fibres were fanning 

out into the healing tissue. 

Two weeks after surgery at 14 weeks of age, the epithelium at the 

denuded bony areas was continuous and consisted of parakeratotic 

stratified squamous epithelium. However, the epithelium was thinner 

and showed fewer protruding villi compared to the epithelium covering 

the normal mucoperiosteum. In the granulation tissue underneath the 

epithelium, still hyperaemic capillaries and inflammatory cells were 

present. Thin collagenous fibres, presumably of type III, were gradually 

replaced by thicker collagenous fibres of type I, starting at the former 

wound margins. They were mainly oriented medio-laterally, traversing 
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the former denuded bony areas. No elastic fibres were found in the 

healing tissue at this stage of wound healing. 

The former mobilized mucoperiosteal flaps located in the medial region 

of the palate showed a normal appearance. A thin periosteum covered 

the bone and trabecular bone deposition in the presence of active 

osteoblasts was found along a resting line which demarcated the bone 

surface at the moment of surgery from subsequent bone deposition. 

In the region of the former denuded bony areas, however, apart from 

osteoblastic bone deposition some osteoclastic resorption was obser

ved. This resulted in differences in the amount of bone deposited after 

surgery demarcated by the resting line in those regions of the palate. 

Simultaneous with the bone deposition, thick collagenous fibres were 

embedded in the palatal bone as Sharpey's fibres creating a rigid 

attachment of the scar tissue to the underlying bone. Formation of 

collagenous fibres in the cervical part of the periodontal ligament was 

observed from the cementum into the gingiva and palatal connective 

tissue. In some instances, osteoclastic bone resorption took place in the 

cervico-palatal region of the alveolar socket. 

Seven weeks after the operation at 19 weeks of age, the epithelial layer 

was somewhat thicker compared to earlier stages, especially in the 

former denuded bony areas but still thinner than in the control animals 

of that age. The medio-laterally oriented collagenous fibres were repla

ced by thicker fibres but type III collagen was still predominant. The 

amount of trabecular bone deposition had decreased but some active 

osteoblasts were still present in marrow spaces. Sharpey's fibres at the 

former denuded bony areas were more predominant than in the earlier 

stages of wound healing. Cervical periodontal fibres were fanning out 

into the deeper layers of the mucoperiosteum. The connection of the 

gingival tissue to the alveolar bone was disturbed by the erupting 

premolar of which the top had already emerged from the alveolar bone. 

This was also demonstrated by the presence of osteoclasts on the 

alveolar bone at the medial aspect of the premolar. 

The last stage which was histologically evaluated, was at 25 weeks of 

age. This stage was highly comparable to the stage described previous

ly. The epithelial layer was still somewhat thinner in the operated areas 

than in the normal mucoperiosteum. The underlying connective tissue 
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contained mainly transverse oriented collagenous fibres which resem

bled in structure the fibres in normal mucoperiosteum but elastic fibres 

were still absent. Distinct rigid attachment of the formed scar tissue to 

the palatal bone in the region of the former denuded bony areas by 

means of Sharpey's fibres was evident (figure 5). 

Figure 5: Rigid attachment of the formed scar tissue to the palatal bone in the region of 

the former denuded bony areas by means of Sharpey's fibres was evident. Ρ = palatal 

bone, M = mucoperiosteum. Herovici's staining, magnification 200 x. 

No bone deposition or resorption was found at the whole surface of the 

palatal bone. Only resting osteoblasts were present. Cervical periodontal 

fibres were fanning out from the cementum of the premolars to the 

palatal mucoperiosteum and the scar tissue. In some instances, osteo

clasts were observed in the cervico-palatal region of the alveolar socket 

with corresponding bone resorption. 
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The laser group 

One week after surgery at 13 weeks of age, the epithelial layer in most 

laser treated animals was already continuous. At the former denuded 

bony areas the epithelium was not yet keratinizing, it was thinner and 

contained less villi compared to other parts of the epithelial layer. 

Underneath this layer, in the vascular granulation tissue, an infiltrate 

consisting of polymorphonuclear leucocytes, lymphocytes, plasma cells, 

macrophages and an extensive capillary plexus were present. Hyperae-

mic capillaries were found almost perpendicular to the epithelial layer. A 

dense mesh of thin collagenous fibres, presumably consisting of type III 

collagen without distinct orientation was observed. However, some type 

I collagenous fibres could be demonstrated throughout the healing tissue 

but no elastic fibres were found (figure 6 and 7). 

С «^yÉH* 

Figure 6: Group LL. Borderline between the normal mucoperiosteum IN) and the granulati

on tissue at the former denuded bony areas IGT) at 1 week p.o. E = epithelium. Herovici's 

staining, magnification 75 x. 
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Figure 7: Detail of figure 6 showing type III collagen fibres without a distinct orientation. 

Some type I collagenous fibres could also be demonstrated in the healing tissue. Herovici's 

staining, magnification 120 x. 

The former mobilized mucoperiosteal flaps located in the medial region 

of the palate showed a normal appearance. The presence or absence of 

elastic fibres demarcated the borderline between the normal mucoperi-

osteum and the healing tissue. Sagittally oriented large blood vessels 

and sinuses were present in the unaffected connective tissue layer 

along the whole width of the palate. The major palatine arteries and 

branches of the palatine nerves were shifted medially as were the 

sinuses. The periosteal layer underneath the normal mucoperiosteum 

was cell rich and contained young, thin type III collagenous fibres. The 

periosteal layer in the healing area contained thick collagenous fibres 

creating a firm attachment to the underlying bone by means of Shar-

pey's fibres. Active osteoblasts and bone deposition were found on 

almost the whole palatal surface but in the region of the former denu

ded bony areas locally also osteoclasts and bone resorption were found. 

No periodontal fibres were fanning out into the healing tissue. 
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Two weeks after surgery at 14 weeks of age, the epithelial layer at the 

former denuded bony areas was thicker as compared to the previous 

stage of wound healing and it consisted of parakeratotic stratified 

squamous epithelium. However, it was still thinner and showed fewer 

protruding villi than the epithelium covering the normal mucoperiosteum. 

Hyperaemic capillaries and inflammatory cells were still present in the 

vascular granulation tissue underneath the epithelial layer. Type III 

collagen fibres were almost totally replaced by type I collagen fibres. 

These collagenous fibres were mainly oriented medio-laterally traversing 

the former denuded bony areas. No elastic fibres were observed in the 

scar tissue at this stage of wound healing. 

The mucoperiosteum in the medial region of the palate had a normal 

appearance. A resting line demarcated the bone surface at the moment 

of surgery. The palatal bone was covered by a thin periosteum and 

trabecular bone deposition took place by numerous active osteoblasts. 

In the region of the former denuded bony areas, however, apart from 

osteoblastic bone deposition some osteoclastic resorption was obser

ved. The thick collagenous fibres which were embedded into the palatal 

bone as Sharpey's fibres were predominant at this stage. Formation of 

collagenous fibres in the cervical part of the periodontal ligament was 

observed from the cementum into the gingiva and palatal connective 

tissue. Some osteoclastic bone resorption was found in the cervico-

palatal region of the alveolar socket of first premolars. 

Seven weeks after surgery at 19 weeks of age, the epithelial layer in 

the former denuded bony areas was somewhat thicker compared to 

previous stages. The medio-laterally oriented collagenous fibres in most 

of the sections were replaced by thicker fibres whereas in some secti

ons still type III collagen was predominant. 

The amount of trabecular bone deposition had decreased but some 

active osteoblasts were still present in marrow spaces. The formation of 

Sharpey's fibres at the former denuded bony areas was more prominent 

in this stage than in the earlier stages of wound healing. In case exfolia

tion of deciduous molars had not yet taken place, cervical periodontal 

fibres were fanning out into the deeper layers of the mucoperiosteum. 

When the deciduous molars had exfoliated, the connection of the 

periodontal fibres to the alveolar bone was disturbed by the erupting 
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premolar whose top had emerged from the alveolar bone. Osteoclasts 

were found on the alveolar bone at the medial aspect of the premolar. 

The last stage which was histologically evaluated at 25 weeks of age 

was highly comparable to the previous stage. The epithelial layer was 

still somewhat thinner in the operated areas compared to the mucoperi-

osteum in the medial region of the palate and the underlying connective 

tissue contained mainly transverse oriented collagenous fibres. The 

structure of collagenous fibres in the scar tissue and mucoperiosteum in 

the medial region of the palate were quite similar except for the trans

versal orientation in the scar tissue. Elastic fibres were still absent and a 

distinct rigid attachment of the scar tissue to the palatal bone by means 

of Sharpey's fibres was evident. 

In the medial region of the palate no distinct differences could be 

observed as compared to the previous stage. No bone deposition or 

resorption was found at the whole surface of the palatal bone. 

Cervical periodontal fibres were fanning out from the cementum of the 

premolars to the palatal mucoperiosteum and the scar tissue. In the 

cervico-palatal region of the alveolar socket osteoclasts were observed 

with corresponding bone resorption. In the bucco-palatal region osteo

blasts with bone deposition were found. 

Discussion 

In this study, the effect of Low Level Laser Therapy on wound healing 

after palatal surgery in Beagle dogs was investigated histologically. 

Several studies have failed to demonstrate significant effects of Low 

Level Laser Therapy on wound healing (Abergel et al., 1987; Longo et 

al., 1987; Strang et al., 1988; Anneroth et al., 1988; In de Braekt et 

al., 1991a). However, in these studies irradiated wound sites were 

compared to non-irradiated opposite wound areas in the same animal. 

So, possible systemic effects of laser irradiation (Braverman et al., 

1989) can not be excluded in such an experimental design. Therefore, 

in our study a split body design was renounced and both palatal wound 

surfaces in one experimental animal were irradiated. 
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In previous studies we investigated the effect of Low Level Laser 

Therapy on wound healing and wound contraction, and its effect on 

dento-alveolar development (In de Braekt et al., 1991a,b). It was shown 

that wound healing, wound contraction nor dento-alveolar development 

was affected by the use of Low Level Laser Therapy. 

Histological evaluation of wound healing in animals in the Von Langen

beck group was in agreement with findings of Wijdeveld et al. (1987) 

who reported on the tissue response after palatal surgery in Beagle dogs 

at different ages. A fibrous type of tissue was found which lacked 

elastic fibres and which was firmly attached to the underlying bone by 

Sharpey's fibres. The present study revealed that the continuity of the 

epithelial and connective tissue layer and was re-established earlier in 

the laser group than in the Von Langenbeck group. The scar tissue 

showed more collagen fibre formation and an extensive vascularization 

in the first weeks of wound healing compared to the scar tissue of 

animals of the Von Langenbeck group. Furthermore, maturation of 

existing collagen into older collagen and the presence of Sharpey's 

fibres were more predominant in the laser group than in the Von Lan

genbeck group in the first stages of wound healing. The amount of 

fibroblasts was comparable in both experimental groups. Eventually, in 

the later stages when wound healing has already completed, the struc

ture of the scar tissues of both experimental groups was comparable. 

Our results are in agreement with histological findings shown by Abergel 

et al. (1987) and Lyons et al. (1987). They found that the total collagen 

content in irradiated skin wounds in mice was increased compared to 

non-irradiated wounds of a control group. Our results suggest that 

wound healing, studied histologically, in animals of the laser group is 

faster than in animals of the Von Langenbeck group. In a previous 

macroscopic study using the same experimental set-up this significant 

difference in the rate of wound closure between the laser and the Von 

Langenbeck group could not be demonstrated (In de Braekt et al., 

1991a). However, only a part of the wound has been studied histologi

cally, and the results do not preclude the possibility that focal small 

wounds still remain in the laser group at 1 week after surgery. 

Low Level Laser Therapy was administered three times per week with a 

total of ten treatments. Only during this three weeks period features of 
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wound healing in both experimental groups were different. After this 

period no Low Level Laser irradiation was administered. The fact that 

wound healing in both experimental groups then became comparable 

suggests a temporary accelerating effect of Low Level Laser Therapy on 

wound healing. However, Anneroth et al. (1988) and Braverman et al. 

(1989) who investigated wound healing histologically after the use of 

Low Level Laser Therapy in skin wounds of rats and rabbits found no 

differences in the rate or quality of wound healing nor the collagen 

production in both the experimental and control group. All investigations 

mentioned previously, were performed under various conditions, such as 

differences in laser wavelength, energy outputs, exposure times, wound 

areas and species. The significance of these factors on the stimulation 

of wound healing is still undetermined (Strang et al., 1988). Therefore, 

comparison of our results with other investigations has to be done with 

great care. 

In a previous study disturbances in dento-alveolar development were 

observed in both experimental groups wether or not Low Level Laser 

Therapy was used (In de Braekt et al., 1991b). Mainly the transversal 

distances in the dental arch were smaller to the same extent in both 

experimental groups compared to the control group. Rotations and 

tippings of teeth were not significantly different between all groups 

indicating that teeth migrated bodily after emergence. Histologically we 

found cervico-palatal alveolar bone resorption in both experimental 

groups suggesting medial tipping of teeth. This was not true for the 

animals in the control group. Obviously, medial tipping occurs in opera

ted animals wether or not treated with Low Level Laser Therapy but is 

not marked enough to demonstrate quantitatively significant differences 

with non-operated animals. 

Although our previous studies demonstrated no significant macroscopi-

cal effects of Low Level Laser Therapy, from this study it can be 

concluded that Low Level Laser Therapy has a temporary effect on the 

rate and quality of wound healing. 
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Chapter 11 

General discussion 





General discussion 

Over the past years in most parts of the western world it is recognized, 

that patients with cleft lip, alveolus and or palate are treated most 

efficiently by a team of specialists. This approach offers the possibility 

of an individual treatment planning, aiming at an integrated habilitation 

process, not focused on just one problem but on the patients care as a 

whole. This team approach is not only favourable from a clinical point of 

view, but it is also beneficial to the cleft palate research. Most scientific 

activities concerning craniofacial deformities and clefts have their 

source in these centres of multidisciplinary management (Bardach and 

Kelly, 1991; Shprintzen, 1991; Roberts et al., 1991). Many disciplines 

are involved in the treatment of clefts and each of them is still faced 

with many unresolved problems despite the research that already has 

been carried out. Therefore, a wide range of studies is still necessary to 

improve our knowledge of the causes and mechanisms of clefting and 

our strategies and techniques of treatment. Although literature in the 

area of cleft palate is abundant, the same controversies, misconceptions 

and unanswered questions persist in the clinical activities for about 20 

years; examples are the influence of lip repair on midfacial growth, the 

proper timing of cleft palate repair with respect to facial growth and 

speech, or the most appropriate palatoplasty for speech. Though poor 

design of clinical research is in part responsible, even well designed 

clinical research findings can be misinterpreted, well designed studies 

can be poorly executed, or important findings can be completely over

looked because of confounders in research methodology (Bardach and 

Kelly, 1991; Shprintzen, 1991). 

Clinical therapies for cleft lip and palate are evaluated in the form of 

case reports, retrospective and non-experimental comparative studies, 

or experimental randomized clinical trials (Roberts et al., 1991). 
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Case reports, by their nature, rarely provide evidence of the superiority 

of one technique over an other. For retrospective studies major concern 

is whether the groups are comparable. Stratification and analysis of 

possible confounders by multivariate methods are of the utmost impor

tance. There is no doubt that a randomized clinical trial is to prefer for 

the comparison of therapies. However, remarkably few prospective 

clinical trials have been carried out. The most common reasons for this 

are ethical objections and the specificity of surgical skill for a particular 

operation. Ethically, the risk of surgery and its irreversibility requires 

that the prescribed surgical procedure is the correct one. Surgeons are 

likely to attain better results with a familiar procedure than with an 

unfamiliar one. This introduces a systematic confounder (Bardach and 

Kelly, 1991; Robertsetal., 1991). 

The incidence of clefts in the Netherlands is about one per 600 births 

(Van den Akker et al., 1986). Many subtypes of clefts exist, therefore it 

is extremely difficult to recrute adequate samples within one centre. 

Consequently, a multicentre approach offers distinct advantages. 

Prospectively planned protocols and recall systems can provide standar

dized data and unbiased evaluation of treatment results of all participa

ting centres (Roberts et al., 1991). Despite the imperative need for this 

type of studies only very few got off the ground due to ethical difficul

ties, or problems with the standardization of methods, sample sizes, 

surgical assessment and follow up period. 

Another way to obtain insight in cleft lip, alveolus and or palate pro

blems is the conduction of animal experiments. Conclusions from animal 

experiments are difficult to translate to the human situation, but the 

advantage of this type of research is that the variables can be better 

controlled than in clinical studies. 

Animal experiments to study the influence of timing of palatal surgery 

on maxillary development were recently carried out in our department 

by Wijdeveld (1988). It was shown that the palatal tissue response to 

surgery performed at different ages in Beagle dogs is more or less the 

same. The scar tissue was anchoraged to the underlying bone by 

Sharpey's fibres and its rigid, fibrous structure was thought to be 

responsible for the disturbance of dento-alveolar development (Wijde-
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veld et al., 1991). The purpose of the present study was to influence 

this scar tissue in a way that its rigid attachment to the underlying bone 

is prevented and to influence its quality in order to establish favourable 

dento-alveolar development. 

Several methods are available to infuence the wound healing process 

and thus the formation of scar tissue. Redesigning of surgical techni

ques, grafting procedures, changing the timing of surgery, treating the 

wounds with various dressings, pharmacological agents, biocompatible 

membranes and Low Level Laser Therapy are all mentioned in the 

literature (Gabbiani and Ryan 1971; Jonsson and Hallman, 1980; 

Kaspar and Laskin, 1983; Kremenak, 1984; Ross, 1987; Bertolami et 

al., 1988; Wijdeveld 1988; Kert and Rose, 1989). These different 

methods will be discussed next. 

From clinical studies it can be concluded that not the technique but the 

surgeon's skill is the most important variable which determines the 

outcome of therapy (Ross, 1987). This being true, it seems reasonable 

to focus on the improvement of skill. However, whatever experience the 

surgeon has, scar formation will take place, although the amount of scar 

tissue can be reduced to a great extent. Independent of surgical techni

ques or surgeons, there always remains scar tissue. The same holds 

true if grafting is used. After grafting, scar tissue will develop in almost 

all cases at the donor as well as at the recipient site. Up to now in case 

of grafting no research is performed to prevent the formation of scar 

tissue or to modify it in one way or another (Jonsson and Hallman, 

1980; Kaspar and Laskin, 1983). 

The timing of palatal repair has been studied by several authors (Kreme

nak, 1984; Wijdeveld, 1988). Although age of surgery has its influence 

on dento-alveolar development and maxillary growth, it has no relations

hip with the amount and or quality of scar tissue. 

Biological dressings are often used in clinical situations, especially after 

surgical interventions, however, their role in wound healing is questiona

ble (Kremanak et al., 1970). Bacterial contamination is thought to 

reduce its effectiveness on wound healing and thus on the formation of 

scar tissue (Farnoush, 1978). 

The effects of pharmacological agents have been studied, but mostly in 

vitro on a cellular level. In in vitro studies on scar tissue cells, it appea-
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red that the contraction of myofibroblasts can be reduced by the use of 

some specific agents. Experiments with the application of these agents 

in vivo are in progress now and may be very promising, however, many 

efforts in this field of research have still to be carried out before this 

method can be applied clinically (Madden et al., 1974; Kremenak et al., 

1976; Susami, 1985; Laato et al., 1986; Tominaga, 1990). 

Biocompatible membranes can function as a matrix for fibroblasts to 

enhance wound healing (Bertolami et al., 1988). Furthermore, some 

experience has been gathered in periodontology using biocompatible and 

biodegradable membranes to guide tissue regeneration (Magnussen et 

al., 1988; Nyman et al., 1987). This method of manipulating wound 

healing would be promising if the formation of scar tissue could be 

controlled and the formation of the rigid attachment of scar tissue to 

the underlying tissues could be prevented. 

The use of Low Level Laser Therapy has been advocated by several 

authors and some beneficial effects on wound healing have been 

described (Abergel et al., 1987; Lyons et al., 1987; Braverman et al., 

1989). Using this method the amount and quality of scar tissue might 

possibly be influenced and hence dento-alveolar development and 

maxillary growth. 

In our opinion at this moment the last two methods mentioned, biocom

patible membranes and Low Level Laser Therapy are promising, because 

they are easily to perform and can easily be standardized. No actual 

studies on these topics related to cleft palate research has been repor

ted until! now. 

In our experiments on these topics we preferred to use Beagle dogs as 

an experimental model because the palatal mucoperiosteum is more or 

less comparable to the human situation, although, blood sinuses are not 

present in the human palatal mucoperiosteum. Furthermore, the dogs 

palate is easily accessible to perform surgery and therefore, measure

ments and/ or clinical evaluation can be carried out easily. Furthermore, 

most previous animal investigations on the effect of palatal surgery on 

maxillary growth and dento-alveolar development were carried out in 

Beagle dogs (Herfert, 1958; Kremenak et al., 1967, 1970; Meyer and 

Prahl, 1978; Kremenak, 1984; Wijdeveld, 1988) and some materials 
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and methods used in previous research were available for our experi

ments (Wijdeveld, 1988). 

We used a non-cleft Beagle model as was also advocated bv others 

(Kremenak, 1984; Kremenak and Searls, 1971; Millard, 1980; Wijde

veld, 1988). In these animals Von Langenbeck's operation was simula

ted as a soft tissue operation. In our opinion the presence of a bony 

palatal cleft was not essential to evaluate the effects of palatal surgery, 

since closure of palatal clefts in the clinical setting is achieved by muco-

periosteal manipulation alone and not by osseous surgery. Furthermore 

experimental studies in which artificial palatal clefts were created in 

cats (Freng, 1979, 1981), rabbits (Bardach et al., 1979) and dogs 

(Bardach et al., 1982; Meyer and Prahl, 1978) have shown that the 

extensive trauma of artificially clefting influences the outcome of the 

experiments to a great extend. 

In both approaches i.e. the use of Low Level Laser Therapy or the 

insertion of poly-(L-lactic) acid (PLLA) membranes, the same parameters 

were studied. Wound healing after palatal surgery was evaluated clinic

ally, quantitatively and histologically; wound contraction and maxillary 

arch dimensions were studied quantitatively. Neither the use of Low 

Level Laser Therapy nor PLLA membranes revealed any beneficial long 

term effect on dento-alveolar development (In de Braekt et al., 1991 

a,b). In case of Low Level Laser Therapy the clinical aspects, wound 

healing and wound contraction, were comparable in the experimental 

and control groups. If PLLA membranes were implanted directly after 

palatal surgery wound healing was slower in the experimental than in 

the control group. Probably, the outgrowth of epithelial and connective 

tissue cells from the wound margins was hampered by the PLLA mem

branes. Wound contraction, however, was not affected by the insertion 

of PLLA membranes (In de Braekt et al., 1991c,d). 

Histological evaluation of the wound healing process revealed that the 

inflammatory response in animals treated with Low Level Laser Therapy 

was less intense than in animals in which PLLA membranes were 

present (In de Braekt et al., 1991 e,f). Presumably the inflammatory 

reaction which is normally present in the Von Langenbeck group, as a 

part of the wound healing process, is intensified by the presence of 
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PLLA membranes. This could play an important role in the delay of 

wound healing after implantation of PLLA membranes directly after 

palatal surgery. Low Level Laser Therapy appeared to have no influence 

on the formation of Sharpey's fibres, as they were found between the 

scar tissue and the underlying palatal bone, indicating that the rigid 

attachment had been established. Furthermore, it was shown that the 

replacement of type III collagen by type I collagen in the early phases of 

wound healing, was accelerated in animals in which Low Level Laser 

Therapy was used (In de Braekt et al., 1991e). It is possible that Low 

Level Laser Therapy has a temporary biostimulatory effect on wound 

healing, which is supported by other in vitro and in vivo studies (Susa

mi, 1985; Abergel et al., 1987; Lyons et al., 1987; Braverman et al., 

1989; Tominaga, 1990). It therefore might be possible that the applica

tion of Low Level Laser Therapy after the insertion of PLLA membranes 

could decrease their negative side effects. The stimulation of wound 

healing by Low Level Laser Therapy would result in an accelerated 

outgrowth of epithelial and connective tissue and thus in a decrease of 

the delay in wound healing. 

The medio-lateral orientation of collagenous fibres and the lack of elastic 

fibres in animals in which Low Level Laser Therapy or PLLA membranes 

were used was more or less comparable to that of animals in which only 

a Von Langenbeck operation was performed. In animals in which PLLA 

membranes were implanted, a fibroblastic sheeth or capsule was 

formed, surrounding the PLLA. The membrane showed cracks already 

during the first stages of wound healing, which was sooner after 

insertion than expected. The fragmentation of the membrane was 

probably due to its brittleness by which it could not withstand the 

mechanical circumstances in the oral environment (In de Braekt et al., 

1991e,f). Despite the fact that the PLLA showed cracks or fragmentati

on, its presence apparently prevented the formation of Sharpey's fibres. 

It is likely that the fibrous sheeth surrounding the PLLA is an important 

feature in this respect. Maxillary arch dimensions whether Low Level 

Laser Therapy or PLLA membranes were used did not differ significantly 

from those measured in animals in which only the Von Langenbeck 

surgery was preformed. 

176 



In further research, attention should be given to the development of 

membranes which show less cracks and resorb in a slower rate than the 

membranes we used in our study. This could be accomplished by using 

PLLA with different molecular weights, combinations of copolymers or 

other biodegradable materials like poiygiactin, poly(e-caprolactone) and 

polyglycolide. Since cracks and fragmentation are probably the result of 

poor mechanical properties, the membranes have to be investigated 

during oral functioning comparable to the clinical situation. 

The way Low Level Laser Therapy was performed was prescribed by 

the manufacturer. Altering parameters as exposure time and energy 

dose or the use of lasers emitting another wavelength, would possibly 

influence the results. Therefore, it is difficult to draw overall conclusions 

on the effect of Low Level Laser Therapy on wound healing. However, 

it was shown that on a microscopical level Low Level Laser Therapy has 

an influence on wound healing since the formation of collagen was 

accelerated. Other treatment regimes might have a more extensive 

effect on wound healing which can be evaluated on a macroscopica!, 

clinical level. It seems doubtful, however, that Sharpey's fibre formation 

can ever be prevented by the use of Low Level Laser Therapy because 

no indication was found that it would do so. As one of our purposes 

was the prevention of the development of these fibres, further research 

in the field of biocompatible, biodegradable PLLA membranes seems to 

be indicated. 

References 

Abergel RP, Lyons RF, Castel JC, Dwyer RM, Uitto J: Biostimulation of wound healing by 
lasers: Experimental approaches in animal models end in fibroblast cultures. 
J Dermatol Surg Oncol 13: 127-133; 1987 . 

Bardach J, Kelly KM: Reflections on research. 
Cleft Palate Craniofac J 28: 131-135; 1 9 9 1 . 

Bardach J , Mooney M, Bardach BA: The influence of two-flap palatoplasty on facial 
growth in Beagles. 
Plast Reconstr Surg 69 : 928-936; 1 9 8 2 . 

Bardach J , Roberts DM, Klausner EC: Influence of two-flap palatoplasty on facial g rowth in 
rabbits. 
Cleft Palate J 16: 402-411 ; 1979. 

177 



Bertolami CN, Ellis DG, Donoff RB: Healing of cutaneous and mucosal wounds grafted 
with collagen glycosammoglycan - Silastic bilayer membranes. 
J Oral Maxillofac Surg 46: 9 7 1 - 9 7 8 ; 1988 . 

Braverman B, McCarthy MJ, Ivankovich AD, Forde DE, Overfield O, Bapna MS: Effect of 
helium-neon and infrared laser irradiation on wound healing in rabbits. 
Lasers Surg Med 9: 50-58; 1989. 

Farnoush A: Techniques for the protection and coverage of the donor sites in free soft 
tissue grafts. 
J Penodontol 4 9 : 403-405; 1978 . 

Freng A: Transversal maxillary growth in experimental submucous mid-palatal clefts. 
Scan J Plast Reconstr Surg 1 3 : 4 0 9 - 4 1 6 , 1979 

Freng A: Growth of the middle face in experimental early bony fusion of the vomeropre-
maxillary, vomeromaxillary and mid-palatal sutural system. 
Scand J Plast Reconstr Surg 15: 117-125; 1981 . 

Gabbiani G, Ryan G Presence of modified fibroblasts in granulation tissue and their 
possible role in wound contracture 
Expenentia 2 7 . 549 -550; 1 9 7 1 . 

Herfert 0 ; Fundamental investigations into problems related to the cleft palate surgery. 
Brit J Plast Surg 1 1 : 97-105; 1958 

In de Braekt M M H , van Alphen FAM, Kuijpers-Jagtman AM, Maltha JC: Maxillary arch 
dimensions after palatal surgery and implantation of poly-(L-lactic) acid membranes in 
Beagle dogs. 
Cleft Palate - Cramofac J; 1991a (accepted for publication). 

In de Braekt M M H , van Alphen FAM, Kuijpers-Jagtman AM, Maltha JC: The effect of Low 
Level Laser Therapy on maxillary arch dimensions after palatal surgery in Beagle dogs. 
J Dent Res 7 0 : 1467-1470; 1991b. 

In de Braekt M M H , van Alphen FAM, Kuijpers-Jagtman A M , Maltha JC: Wound healing 
and wound contraction after palatal surgery and implantation of poly-(L-lactic) acid 
membranes in Beagle dogs. 
J Oral Maxillofac Surg; 1991c (accepted for publication). 

In de Braekt M M H , van Alphen FAM, Kuijpers-Jagtman AM, Maltha JC: The effect of Low 
Level Laser Therapy on wound healing after palatal surgery m Beagle dogs. 
Lasers Surg Med 1 1 : 462 -470 ; 1991 d 

In de Braekt M M H , Maltha JC, Kuijpers-Jagtman A M . The influence of Low Level Laser 
Therapy on wound healing after palatal surgery in Beagle dogs. A histological evaluation 
Lasers Surg Med; 1991e (submitted for publication). 

In de Braekt M M H , Maltha JC, Kuijpers-Jagtman AM: The use of poly-(L-lactic) acid 
membranes after palatal surgery in Beagle dogs. A histological evaluation. 
Cleft Palate - Cramofac J; 1991 f (submitted for publication). 

178 



Jonsson G, Hallman G: Healing of palatal defects with and without skin g r a f t s . A n 

intraindividual experimental study on dogs. 

Int J Oral Surg 9 : 1 2 8 - 1 3 9 ; 1980. 

Kaspar DW, Laskin D M : The effect of porcine skin and autogenous epithelial g r a f t s o n t h e 

contraction of experimental oral wounds. 

J Oral Maxillofac Surg 4 1 : 143-152; 1 9 8 3 . 

Kert J, Rose L: Clinical Laser Therapy. Low Level Laser Therapy. Copenhagen, D e n m a r k , 
1 9 8 9 . Scand Med Laser Technol 

Kremenak CR: Physiological aspects of wound heeling: contraction and g r o w t h . 

Otolaryngol Clin North Am 1 7 : 4 3 7 - 4 5 3 ; 1 9 8 4 . 

Kremenak CR, Olm W H , Huffman WC: Growth of maxillae in dogs after palate s u r g e r y '• 

Cleft Palate J 4: 6-17; 1 9 6 7 . 

Kremenak CR, Olin WH, Huffman W C : Growth of maxillae in dogs after palate s u r g e г y I I . 

Cleft Palate J 7 : 7 1 9 - 7 3 6 ; 1970. 

Kremenak CR, Searls JC: Experimental manipulation of midfacial growth:a s y n t h e s i s o f 5 

years of research at Iowa maxillofacial growth laboratory. 

J Dent Res 5 0 : 1 4 8 8 - 1 4 9 1 ; 1971. 

Kremenak CR, Searls J, Barret R, Collins C, Karlsson U, Morris J, Olin W , P r a t t S , G e i l J , 
Allen T: Inhibition of palatal postsurgical wound contraction; effects of p h a r m a c o l o g i c 

agents. 

J Dent Res 5 5 : 2 9 7 ; 1 9 7 6 . 

Kremenak CR, Thomas MA, Demien SE: Effect of intraoral bandage on s u r g i c a l l y i n d u c e d 

maxillary growth inhibition in Beagles. 

J Dent Res 4 9 : 1 1 7 4 ; 1 9 7 0 . 

Laato M, Ninikosky J, Lebel L, Gerdin B: Stimulation of wound healing b y e p i d e r m a l 

growth factor. 

Ann Surg 2 0 3 : 3 7 9 - 3 8 1 ; 1 9 8 6 . 

Lyons RF, Abergel RP, White RA, Dwyer RM, Castel JC, Uitto J: Biostimulation o f w o u n d 

healing in vivo by a Helium-Neon laser. 

Ann Plast Surg 1 8 : 4 7 - 5 0 ; 1987. 

Madden JW, Morton D, Peacock ЕЕ: Contraction of experimental wounds. I . I n h i b i t i n g 

wound contraction by using a topical smooth muscle antagonist. 

Surgery 7 6 : 9 - 1 5 ; 1 9 7 4 . 

Magnusson I, Batich C, Collins BR: New attachment formation following c o n t r o l l e d t i s s u e 
regeneration using biodegradable membranes. 
J Periodontol 5 9 : 1-6: 1 9 8 8 . 

Meyer R, Prahl В: Influences of different surgical procedures on growth of d e n t o m a x i l l a r y 

complex in dogs with artificially created cleft palate. 

Ann Plast Surg 1 : 4 6 0 - 4 6 5 ; 1978. 

1 7 9 



ГЧ/lillard DR: Cleft craft, the evolution of its surgery III. Alveolar and palatal deformities. 

L i t t l e , Brown and Company, Boston, U.S.A.; 1980 

N v m a n S, Gottlow J, Lindhe J, Karnng T, Wennstrom J: New attachment formation by 

g u i d e d tissue regeneration. 

_l Periodont Res 2 2 2 5 2 - 2 5 4 : 1 9 8 7 . 

R o b e r t s CT, Semb G, Shaw W C : Strategies for the advancement of surgical methods in 

c l e f t lip and palate. 

C l e f t Palate Cramofac J 2 8 : 1 4 1 - 1 4 9 ; 1 9 9 1 . 

R o s s RB: Treatment variables affecting facial growth m complete unilateral cleft lip and 

p a l a t e . Part 6. Techniques of palate repair. 

C l e f t Palate J 2 4 : 6 4 - 7 0 ; 1 9 8 7 . 

S h p r m t z e n RJ: Fallibility of clinical research. 

C l e f t Palate Cramofac J 28 1 3 7 - 1 4 0 ; 1 9 9 1 . 

S u s a m i Τ' Biochemical study on changes with ege end wound healing of rabbit palatal 

m u c o s a collagen. 

J a p J Oral Biol 2 7 : 6 4 - 7 9 ; 1 9 8 5 . 

X o m m a g a R' Effects of He-Ne laser irradiation on fibroblasts derived from scar tissue of rat 

p a l a t a l mucosa. 

J Stomatol Soc Jap 5 7 : 5 8 0 - 5 9 4 ; 1 9 9 0 . 

V a n den Akker AMEA, Hoeksma J, Prahl-Andersen В: Schisis m Nederland, zorgvraag van 

p a t i ë n t e n met schisis 
R a p p o r t V .U. Amsterdam; 1986. 

W i j d e v e l d M G M M . Growth of maxillary structures after palatal surgery on dogs. 
P h D Thesis, Nijmegen, The Netherlands; 1 9 8 8 . 

W i j d e v e l d M G M M , Maltha JC, Grupping EM, De Jonge J, Kuijpers-Jagtman A M : Tissue 
response to palatal surgery at different ages on Beagle dogs. 
A r c h s Oral Biol; 1991 Impress). 

1 8 0 



Chapter 12 

Summary 





Summary 

In cleft palate surgery wound healing is thought to play an important 

role in the detrimental effects on maxillary growth and dento-alveolar 

development after surgery. Wound contraction might be an important 

factor but also the fibrous scar tissue and its attachment to the underly

ing bone could play a major role. 

Our investigation dealt with manipulation of wound healing in order to 

modify the scar tissue and to prevent its rigid attachment. Non-cleft 

Beagle dogs were used, in which a Von Langenbeck's procedure was 

simulated. Wound healing and scar tissue formation were manipulated in 

two separate ways. Firstly, poly-(L-lactic) acid membranes were implan

ted after surgery and secondly the wounds were treated with Low 

Level Laser Therapy. Wound healing was studied clinically, quantita

tively and histologically. Wound contraction, as an important stage of 

wound healing, was also studied quantitatively. The maxillary arch 

dimensions in the deciduous and permanent dentition were measured to 

get more insight into the effect of both treatments on the development 

of the dentition. 

Chapter 1 deals with clinical considerations which are of importance in 

this field of cleft palate research. 

Chapter 2 describes general aspects of the process of wound healing. 

Wound healing is mainly divided in four stages; an inflammatory stage 

which is the initial response to injury; a proliferative stage, which results 

in the formation of extracellular matrix and collagen production and 

simultaneous epithelialization; a wound contraction stage in which the 

wound surface area is reduced; and a remodeling stage, in which the 

scar tissue is reorganized in structure and composition resulting in a firm 

and fibrous tissue. 

Chapter 3 gives a review of the literature about animal investigations on 

maxillary growth after palatal surgery. Different approaches are discus

sed such as hard and soft tissue artificial palatal defects with and 

without surgical repair, and the artificially created soft tissue palatal 

defects with surgical repair. The creation of combined hard and soft 
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tissue palatal defects results in an extensive trauma and leads to a 

substantial reduction in transversal maxillary growth. The clinical situati

on seems to be simulated in the most appropriate way by palatal 

surgery performed as soft tissue manipulation and not as osseous 

surgery. The experimental model used in the present study is based on 

the work of Wijdeveld and co-workers who introduced a symmetrical 

model in which denuded palatal bone was left on both sides of the 

palate. The wound healing process plays an important causal role in the 

adverse effects of surgery on maxillary growth and dento-alveolar 

development. Therefore, manipulation of wound healing such as redes

igning surgical repair, grafting procedures, different timing of surgery, 

tissue expansion, biological dressings, biocompatible membranes, 

pharmacological agents and Low Level Laser Therapy could be beneficial 

to maxillary growth and development. However, controversial results of 

these techniques are found in literature. 

Finally, the aim of this study is formulated as to manipulate the wound 

healing and the formation of scar tissue after palatal surgery in Beagle 

dogs by means of the implantation of poly-(L-lactic) acid (PLLA) mem

branes and by the use of Low Level Laser Therapy. 

Chapter 4 deals with the development of a PLLA membrane by means 

of an immersion precipitation process. The PLLA was purified by precipi

tation and films with a thickness of about 100 μπ\ were cast. The mem

brane was characterized with respect to molecular weight, microstructu

re, and thermal properties. 

Chapter 5 describes the effect of implantation of poly-(L-lactic) acid 

membranes on wound healing and wound contraction after palatal 

surgery in Beagle dogs. At 12 weeks of age a soft tissue defect was 

created in the median region of the palate. It was closed according to 

the Von Langenbeck technique, leaving two areas of denuded bone 

adjacent to the dental arch. In one group poly-(L-lactic) acid membranes 

were implanted immediately after surgery on the denuded bony areas. In 

the control group surgery was performed but no poly-(L-lactic) acid 

membranes were implanted. Wound contraction was quantified using 

tattoo points. Wound surface areas and weekly measurements of the 

distance between the tattoo points were calculated. 
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It was found that clinical wound healing was significantly retarded. 

Wound contraction was independent of the presence of a membrane 

and it was restricted to the first two weeks after surgery. It was 

concluded that implantation of poly-(L-lactic) acid membranes following 

palatal surgery in Beagle dogs has no beneficial short term effects on 

wound healing and contraction. 

Chapter 6 describes the effect of implantation of poly-(L-lactic) acid 

membranes on dento-alveolar development after palatal surgery . Poly-

(L-lactic) acid membranes were implanted on the denuded bony areas 

either directly or 3 weeks after surgery. Dental casts were made at 

regular intervals until 25 weeks of age and maxillary arch dimensions 

were studied. 

Dental arch dimensions in the deciduous dentition of the experimental 

groups were not markedly disturbed, but after transition of teeth mainly 

transversal maxillary arch dimensions in the premolar region were 

reduced. It was concluded that implantation of poly-(L-lactic) acid 

membranes after palatal surgery in Beagle dogs does not prevent 

disturbances of dento-alveolar development. 

Chapter 7 describes the histological investigation of implanted poly-(L-

lactic) acid (PLLA) membranes and the surrounding tissues. Delayed 

wound healing was found after direct implantation of PLLA membranes. 

After direct as well as after indirect implantation the membrane started 

to desintégrate soon after implantation and the remaining particles were 

surrounded by a fibroblastic sheath and a fibrous capsule. At sites 

where membrane fragments were left no clear formation of Sharpey's 

fibres was observed. 

Chapter 8 describes the effect of Low Level Laser Therapy on wound 

healing and wound contraction after palatal surgery. In both experimen

tal groups. Von Langenbeck's palatal repair was simulated. Then in one 

group the denuded bony areas were treated with Low Level Laser 

Therapy using a continuous Ga-As-AI laser beam (830 nm) and energy 

output set at 30 mW. Per treatment a dosage of 1 J/cm* wound surface 

area was used. Therapy was carried out three times a week with a total 

of ten treatments. In the other group no laser treatment was given. 

Wound healing was observed clinically until wound healing was comple

ted at 4 weeks p.o. and wound areas were measured at regular intervals 

185 



on standardized intra-oral photographs. Wound contraction was measu

red using tattoo points. 

No significant differences were found in the quality and rate of wound 

healing between the two experimental groups. The same held true for 

the wound contraction. 

It was concluded that Low Level Laser Therapy under conditions used in 

his study did not have an influence on wound closure or wound contrac

tion on the macroscopical level. 

Chapter 9 describes the effect of Low Level Laser Therapy on maxillary 

arch development after palatal surgery. Von Langenbeck's palatal repair 

was simulated in two groups of Beagle dogs. In one group, the denuded 

bony areas were irradiated as described in chapter 8. The animals of the 

other group received no laser treatment. Dental casts were made of all 

animals at regular intervals until 25 weeks of age. Maxillary arch 

dimensions were measured. 

Dental arch dimensions in the deciduous dentition of both groups were 

not disturbed by surgery, but after eruption of permanent teeth, trans

verse maxillary arch dimensions in the premolar region increased less in 

both operated groups than in control animals. It was concluded that 

Low Level Laser Therapy under the conditions used in this study does 

not decrease the adverse iatrogenic effects of palatal surgery on maxil

lary arch dimensions. 

Chapter 10 describes the histological effects of Low Level Laser Thera

py on wound healing after palatal surgery. In two groups of Beagle 

dogs, Von Langenbeck's palatal repair was simulated. In one group the 

denuded bony areas were treated with Low Level Laser Therapy as 

described in chapter 8. In the other group no laser treatments were 

carried out. Animals were sacrificed at the age of 1, 2, 7 and 13 weeks 

p.o. Serial transverse sections of the maxilla were studied histologically. 

Initially, the laser treated group showed a more fibrous type of healing 

tissue than the non-treated group, but later on tissues were comparable 

in both groups. Finally, in both groups the scar tissue lacked elastic 

fibres and was firmly attached to the underlying bone by means of 

Sharpey's fibres. Cervico-palatal resorption of alveolar socket bone 

indicated medial tipping of teeth. It is concluded that Low Level Laser 
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Therapy under conditions used in his study does not have an effect on 

the final quality of scar tissue. 

Chapter 11 discusses the results from the previous chapters. Clinical 

research and animal experiments are mentioned in relation to several 

kinds of research methods. Specifically, the use of Low Level Laser 

Therapy and biocompatible PLLA membranes are evaluated in compari

son with other research methods. Finally, some suggestions were made 

with respect to future research. 
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Samenvatting 

Wondgenezing wordt verondersteld een belangrijke oorzakelijke faktor te 

zijn in de nadelige effecten van chirurgie op maxillaire groei en gebits

ontwikkeling. Daarbij zou wondcontractie een belangrijke oorzaak 

kunnen zijn. Daarnaast kunnen ook het fibreuze littekenweefsel en de 

rigide verbinding met het onderliggende palatinale bot een rol spelen. 

Ons onderzoek omvatte het manipuleren van de wondgenezing met het 

doel het littekenweefsel te beïnvloeden en de starre verbinding met het 

onderliggende palatinale bot te voorkomen. 

Als model is gekozen voor Beagle honden zonder gehemeltespleet 

waarin een operatieve sluiting van een gehemeltespleet volgens de Von 

Langenbeck procedure is nagebootst. De wondgenezing en de vorming 

van littekenweefsel na operatie zijn op twee verschillende manieren 

beïnvloed. Ten eerste zijn polymelkzuur membranen geïmplanteerd na de 

operatieve ingreep en ten tweede is op de wonden Low Level Laser 

Therapy toegepast. De wondgenezing werd op klinische, kwantitatieve 

en histologische wijze geëvalueerd. De wondcontractie, welke een 

belangrijk onderdeel is van de wondgenezing, werd ook op kwantitatieve 

wijze geëvalueerd. Tandboogverhoudingen in de bovenkaak werden 

zowel in de melk als blijvende dentitie gemeten om inzicht te verkrijgen 

in het effect van beide methoden op de gebitsontwikkeling. 

Hoofdstuk 1 gaat in op klinische overwegingen die van belang zijn voor 

dit onderzoek. 

Hoofdstuk 2 beschrijft algemene aspecten van het wondgenezingspro-

ces. Dit proces is onder te verdelen in vier stadia; een ontstekingsstadi

um waarin voornamelijk een initiële reactie op een trauma plaatsvindt; 

een proliferatie stadium dat resulteert in de vorming van extra-cellulaire 

matrix, collageen en gelijktijdige epithelialisatie; een wondcontractie 

stadium waarin een verkleining plaatsvindt van het wondoppervlak; en 

een reorganisatie stadium waarin het littekenweefsel betreffende 

structuur en samenstelling verandert in een stevig en fibreus weefsel. 

Hoofdstuk 3 geeft een literatuuroverzicht van dierexperimenteel onder

zoek naar de groei van het bovenkaakscomplex na operatieve sluiting 
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van gehemeltespleten. Verschillende benaderingswijzen worden belicht 

zoals de operatief aangebrachte gehemeltespleten met en zonder 

operatieve sluiting daarna, en de kunstmatig aangebrachte spleten alleen 

in de zacht weefsels met operatieve sluiting. Het aanbrengen van een 

gehemeltespleet is een ernstige traumatische ingreep welke leidt tot een 

aanzienlijke vermindering van de tranversale groei van het bovenkaaks-

complex. De klinische situatie lijkt het best nagebootst te worden door 

sluiting van een niet-benige spleet. Het experimentele model dat in dit 

onderzoek is gebruikt, is gebaseerd op onderzoek verricht door Wijde-

veld en mede-onderzoekers waarin zij een symmetrisch model introdu

ceerden waarbij aan beide zijden op het gehemelte ontbloot bot aanwe

zig was. Het wondgenezingsproces speelt een belangrijke oorzakelijke 

rol in de nadelige effecten van chirurgie op groei van het bovenkaaks-

complex en gebitsontwikkeling. Daarom zou beïnvloeding van dit proces 

zoals verandering van chirurgische technieken, het toepassen van 

transplantaties, verschillende tijdstippen van operatieve ingrepen, 

weefselexpansies, biologische wondverbanden, weefselvriendelijke 

membranen, pharmacologisch werkzame stoffen en Low Level Laser 

Therapy, kunnen bijdragen tot een verbetering van groei en ontwikkeling 

van het bovenkaakscomplex. Het doel van het onderzoek wordt gefor

muleerd, namelijk het beïnvloeden van de wondgenezing en de vorming 

van littekenweefsel na palatum operatie in Beagle honden door middel 

van polymelkzuur membranen en Low Level Laser Therapy. 

Hoofdstuk 4 beschrijft de vervaardiging van een polymelkzuur mem

braan door middel van een neerslag uit een oplossing van polymeer. 

Het polymelkzuur werd gezuiverd door neer te slaan en vervolgens 

werden membranen gestreken met een dikte van ongeveer 100 //m. Het 

membraan werd gekarakteriseerd met betrekking tot moleculair gewicht, 

microstructuur en thermische eigenschappen. 

Hoofdstuk 5 beschrijft het effect van implantatie van polymelkzuur 

membranen op wondgenezing en wondcontractie na palatum operaties 

bij Beagle honden. Op 12 weken werd een niet-benige spleet gemaakt in 

de mediaanlijn van het palatum. De spleet werd gesloten volgens de 

techniek van Von Langenbeck resulterend in twee wondgebieden met 

onbloot bot evenwijdig aan de tandboog. In een groep werden polymelk

zuur membranen direct na de palatum operatie geïmplanteerd op de 
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ontblote botgebieden. In de controle groep, werd ook een palatum 

operatie uitgevoerd echter zonder implantatie van polymelkzuur membra

nen. Wondcontractie werd gekwantificeerd met behulp van tattoeage 

punten. Wekelijkse toe en afnamen van wondoppervlakken en van de 

afstanden tussen de tattoeage punten werden gemeten. 

Klinische was de wondgenezing significant vertraagd door het implante

ren van polymelkzuur membranen. Wondcontractie was onafhankelijk 

van de aanwezigheid van polymelkzuur membranen en beperkt tot de 

eerste twee weken na chirurgie. Er werd geconcludeerd dat implantatie 

van polymelkzuur membranen na palatum operatie in Beagle honden 

geen positief effekt heeft op wondgenezing en wondcontractie op de 

korte termijn. 

Hoofdstuk 6 beschrijft het effect van implantatie van polymelkzuur 

membranen op de gebitsontwikkeling na palatum operatie. Polymelkzuur 

membranen werden aangebracht op de ontblote botgebieden ofwel 

direct na chirurgie ofwel 3 weken na de initiële Von Langenbeck opera

tie. Er werden op regelmatige tijdstippen gebitsmodellen van de boven

kaak gemaakt tot 13 weken postoperatief waarna verschillende variabe

len werden bestudeerd. Afmetingen van de tandboog in de bovenkaak 

van het melkgebit in de experimentele groepen waren niet noemens

waardig verstoord, maar na de gebitswisseling waren voornamelijk de 

tandboogbreedten ter plaatse van de tweede en derde premolaren 

verkleind. 

Er werd geconcludeerd dat iatrogene effecten van palatum operaties op 

de gebitsontwikkeling in Beagle honden niet werd voorkomen door 

implantatie van polymelkzuur membranen zoals toegepast in dit onder

zoek. 

Hoofdstuk 7 beschrijft de histologische bevindingen van implantatie van 

polymelkzuur membranen en omliggende weefsels. Wondgenezing was 

vertraagd bij de directe implantatie van polymelkzuur membranen. Het 

membraan desintegreerde snel na zowel directe als indirecte implantatie 

en de resterende fragmenten werden omgeven door een ring van 

fibroblasten en een fibreus kapsel. Er werd geen duidelijke vorming van 

vezels van Sharpey waargenomen op plaatsen waar polymelkzuur 

fragmenten resteerden. 
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Hoofdstuk 8 beschrijft het effect van Low Level Laser Therapy op de 

wondgenezing en wondcontractie na palatum operatie. In beide experi

mentele groepen werd de techniek van Von Langenbeck nagebootst. In 

een groep werd op de ontblootte botgebieden Low Level Laser Therapy 

toegepast waarbij een continue Ga-As-AI laser straal (830 nm) en 

energiehoeveelheid van 30 mW werd gebruikt. Per behandeling werd 

een dosis van 1 J/cm2 wondoppervlak toegepast en er vonden drie 

behandelingen per week plaats met een totaal van 10 behandelingen. In 

de andere groep werd geen LLLT toegepast. De wongenezing werd 

klinisch gevolgd totdat totale wondgenezing opgetreden was op 4 

weken postoperatief en verder door middel van metingen met regelmatig 

interval van wondoppervlakken met behulp van gestandaardiseerde 

intra-orale kleurendia's. De wondcontractie werd gemeten met behulp 

van tattoeage punten. 

Er werden geen significante verschillen gevonden in de kwaliteit en 

snelheid van wondgenezing tussen de experimentele groepen. Dit gold 

ook voor wondcontractie. 

Er werd geconcludeerd dat Low Level Laser Therapy zoals toegepast in 

dit onderzoek, geen invloed heeft op wondgenezing en wondcontractie 

op macroscopisch niveau. 

Hoofdstuk 9 beschrijft het effect van Low Level Laser Therapy op de 

gebitsontwikkeling na palatum operatie. De techniek van Von Langen

beck werd nagebootst in 2 groepen Beagle honden. In een groep 

werden de ontblootte botgebieden behandeld zoals beschreven is in 

hoofdstuk 8. Van alle proefdieren werden op regelmatige tijdstippen 

gebitsmodellen gemaakt tot 13 weken postoperatief. Afmetingen van de 

tandboog in de bovenkaak werden gemeten en bestudeerd. Tandboogaf-

metingen in de bovenkaak van het melkgebit van beide experimentele 

groepen waren niet verstoord door chirurgie, maar na de doorbraak van 

het blijvende gebit waren hoofzakelijk de tandboogbreedten ter plaatse 

van de tweede en derde premolaren verkleind. Er werd geconcludeerd 

dat Low Level Laser Therapy zoals toegepast in dit onderzoek geen 

invloed heeft op de iatrogene effecten van palatum operaties op de 

gebitsontwikkeling. 

Hoofdstuk 10 beschrijft de histologische bevindingen van het effect van 

Low Level Laser Therapy op de wondgenezing na palatum operatie. In 2 
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groepen Beagle honden werd de techniek van Von Langenbeck gesimu

leerd. In een groep werden de ontblootte botgebieden behandeld zoals is 

beschreven in hoofdsuk 8. In de andere groep werd geen LLLT toege

past. De proefdieren werden op 1, 2, 7 en 13 weken postoperatief 

opgeofferd. Opeenvolgende series van histologische coupes van de 

maxillaire weefsels werden bestudeerd. Initieel vertoonden de proefdie

ren waarin Low Level Laser Therapy is toegepast een fibreuzer litte

kenweefsel dan in de onbehandelde groep. Echter, later tijdens de 

wondgenezing zijn de weefsels vergelijkbaar in structuur en samenstel

ling. Uiteindelijk resteert in beide groepen een littekenweefsel dat geen 

elatische vezels bevat en star verbonden is met het onderliggende bot 

door middel van vezels van Sharpey. Cervico-palatinale botresorptie van 

de tandkas duidde op mediaal tippen van elementen. Er werd geconclu

deerd dat Low Level Laser Therapy zoals toegepast in dit onderzoek 

geen effect heeft op de uiteindelijke kwaliteit van littekenweefsel. 

In hoofdstuk 11 worden de resultaten van de voorgaande hoofdstukken 

bediscussieerd. Klinisch en dierexperimenteel onderzoek worden bespro

ken in relatie tot andere methoden van onderzoek. 

Specifiek worden het gebruik van Low Level Laser Therapy en lichaams-

vriendelijk PLLA geëvalueerd in vergelijking met andere onderzoeksresul

taten. Tot slot worden enkele suggesties gegeven voor toekomstig 

onderzoek. 
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Stellingen 

behorende bij het proefschrift 

"Dento-alveolar development after 

modified palatal surgery on dogs" 

1. Het met polymelkzuur membranen bedekken van de ontblote botgebie-

den, zoals deze ontstaan na palatoraphia anterior, vertraagt de sluiting 

van deze effecten. 

Idit proefschrift) 

2. Het gebruik van biodegradabele membranen bij palatumchirurgie biedt 

mogelijkheden om onwenselijke verankering van littekenweefsel aan 

het palatmale bot te voorkomen. 

(drt proefschrift) 

3 Een behandeling met Low Level Laser Therapy zoals uitgevoerd m dit 

onderzoek, heeft geen effect op de resultaten van palatumchirurgie op 

de lange termijn. 

(dit proefschrift) 

4. Een schisisteam zou moeten functioneren als een holistische entiteit. 

5. Het stellen van een goede diagnose is de moeilijkste stap in een 

orthodontische behandeling 

6. Er bestaan net zo veel onduidelijkheden over het werkingsmechanisme 

van een willekeurige activator als er soorten activatoren zijn. 



Indien m het kader van een orthodontische behandeling extracties m 

de bovenkaak geïndiceerd zijn, dient extractie van de tweede blijvende 

molaren mede overwogen te worden. 

Afbehandelde patiënten bestaan met. 

Economische vooruitgang en een gezond milieu behoren hand in hand 

te gaan. 

De ideale plek om te picknicken is net iets verder op. 

M. M. H. In de Braekt 

Nijmegen, 25 mei 1992 






