Growth Medification of the mandible using Ultrasound in

Monkeys: A preliminary report.



Abstract

Introduction: Previous studies have shown that growth meodification in treating patients
having a skeletal Class I1 malocclusion due to mandibular deficiency is still controversial.
Also, it has been shown that low intensity puised ultrasound (LIPUS) can modify
mandibular growth in growing rabbits. To apply such treatment to humans, it is essential
to study its effect on mandibular growth in higher animal models. The objective of this
study was to evaluate the effect of using LIPUS on mandibular growth in baboon
monkeys. Metheds: Fourteen juvenile male Hamadryas baboon monkeys were used and
were divided into two groups of seven each. One group recetved bite jumping appliances
(umper group) and the other group did not (control group). In both groups, the left
temporomandibular joint area received LIPUS (stimulated) and the right side served as
the control (nonstimulated). Before cuthanization, after four months of starting treatment,
all monkeys were injected with 99-mTc MDP (methylene diphosphonate). The heads
were decapitated and scanned for bone growth using a dual head gamma camera. The
mandibles were then dissected, sectioned into two halves and radiographed for
anthropometric measurement. The condyles were harvested and processed for
histological examination. Results: Results showed that LIPUS increased mandibular
length and growth activity in all treated sides (P< .001) especially in the jumper group.
Conclusions: LIPUS enhances mandibular growth in growing baboon monkeys,
especially when combined with anterior mandibular jumping appliances.
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Istroduction
Class 1t malocclsion & mainly due 1o mandbalar deficiescy and neot maillary excess. "
Fur many sdull patients buving 8 Class 1) malocehasion with meanddalar deficiency, the

opeimal overall results are best obtained via n surgical-orthodani oh ' B

treating sueh malkoce lusoms in growmg paticnts wsing Eale jumpasg appliances s belicved
i produce satisfaclory improvemen! in the fcial esthetics and misimizes the noed for

surgacal mtervention biter on® There is evidescs that compensatiey growth accurs at the
mandibular condyle in nesponse Lo ahered oochial function i voung, Eruwing animals.*7

Long-ierm masdibular adsptstion to proirusive fmet; was sudied in poskeys' Aller
4B wewks, there wus sgnificant incresss in condylar growil and i the oversil mandibular
hﬂﬁhhlﬂdmhmﬂulmﬂmr#mﬁmﬂulmﬂ
mandibles of e treated animls were 5 1 6 mim longer ihan thase of the cormrol animals.
The McNamara and Brysn 1987 study did srot suppoet the hypothess tat the mandis)

has & genetically predetermmed bength * This was confirmed by anathes study.* Alsa, it
has been reported that the mandibular comdvle & essental for mandibular s
growah,™ Studies on nommal growtk in maonkeys wported thet no majer sermal growih
changes oocur afier 1.5 to 4 years of sge in monkieys.”

Boas sean {boss scintigraphey) has bees wsed so investigute Frorwth sctivity and 1o
duagnose temmporomandibular jint {TWU) disarders. as it has the poieotial i dotct aive
ane metabodsm and remodeling



The hmhu:iﬂﬂl{h!uFﬂﬁmmed’Mmm-dhwumw

thar the wee ol LIPUS bas an optimal biological effect i p g tiisur healing aed

stimulation when applicd for bree weeks oma daily basis for 15-20 minutes with
Ebermily mnging bereces 30 to S0 milliwatis per em’ of the tansducer™s surface snes -
Many studies werr conductzd to evaluste the effedt of LIPUS an calrified tismges. LIPUS
wats reported to stimulate protecgiycan synthess in fat chondrocyies by increasing the
sggrecan gene expression ™ and to ncreins the plateletderived growh factor [PLGE)
secreckm From bone cells.'™ Ak, LIPUS was found i enhance the prowth of the i af
the youssg rat "', bone growsh in raisbits™, hone frscture bealing™ ™ and faciliisis bone
masuration sfter mundibular esicodistractiun. ™ Alsa, LIPUIS when applicd 1o a gnewing
Tabbit's temnporoenasdshu lar jing ares, increases mandibuls ramal height amd dimulxies
mandibules condylar growth both clinically snd histolagically.” | ander fo apply such

1o by il s el 1 sty its evidence and effect i an animal model
m.m:hninphrhmﬁuﬂ'miymwmm:;ufihmhnmwm
were to cvaleate the effiects of therpeulic witrasownd os misdibuler condylar and tolal
mmndibuler growth with and withowt the use of bite jurepi lismces in mankeys and

b0 justify g fetune wse in humans,

Mwteriak and meibods

Thas research was spproved by ko Rescarch comncd at King Abdud Aziz Universy
{KAALR. Far chis prelimmary study, founeen juvenile male Hamadrvas baboon monkeys
(Pagpsc bamseniryas hamadryss) were chosen and divided o (wo groups of scven esch.
Ome group received bite jumping applances (jarmpor woup] aned ihe other group did nod
{eomcnal group). In both groups, one sids of the mandible recenred LIFLS (st imulated)



and the other sbe served o the SEll-conkna | pons i bed ). The avesage age af the
amimaly was 26 2 {bh years ol the begisning of the experimest as was determned by the
presenes of the deciduous dentiton and ihe erupiod first permasess nolars, The dbelets]
prerath status of these anavals was sseswed usng band-wris eadio mraphe ihat confirmed
that the amimals were will growing. These monkeys ape similar (o banans in ther early
childhionl (pre-adulescence ) stape ™ For all experimental procedures, (ke arimals were
sedated with Kstamize HC (7 10 15 ma/kg & 1a Loy ) el W omnpem { Xylasine) |

0 2 mpkg mtrmmuscalarky), Mandibulir and masillay alginate ingres ions wene taken
for gach snimal, sodked in antiecplic solution (Cides) and poured with Bard dental slone
1o produce & study el with bite registration. The maxillary and mandibulir madlines
wure checked at the beginning of the experinmem Arenor mandhular bite pmping
applances wire comsinacted for cac b anumal s as (o producs & prodnasive sceluss]
relatiomship w8 previously described by MeNaman and Bryan (1967)" but with the
#eddition af furwand positining Fonsus springs | 16 Uinitek, Monrovia, Califomia, SA),
The Funeus sprrings wene added 1o insure the Gorward positting of the mandible, a5
wan e that the bite Juniping sppliance alone dad mot produce adequate farwand
positinnimg af the mandible. The springs were activated cece uf the v o nppliacsy
cemenaation. The apphances were cemesied b the lower becih wsing light cured ghiss
mmamar cement (Faji, GO Ametica Inc., Alsip, 1L, USA). In a few animals the

pplancus weee I by the animals. W this: harpy the applances were
re-ceminted sd socured m place wath Irmmsmseous winng.
The appliasces produced & venical | inferior) displacesnent of 2 to 3 mm &nd & borizonial

{mmierie | disphacenent of 3 man. Av the same time all animsls weng receiving ult e d



tresiment o e kel side {stimulatad) and e right sate sorved as the comtral
{rosistimulaied) for the lelt side. The LIPUS was applicd for 20-minutes/dey fioe four
smonths and the conir grosps hud the iransduces, maclively pisced over the
temporommndibular region. LIPUS was applied ising a 2.5 cm kead zincomabe-tiwrs e
transduces and constaed of a Ji-microsecond bust of 1.5 Mz sine waves repeaiing at

1 kcHiz that delivers 30 mWicm’ incidem intensity (Excges Inc., West Caldwelt, NJ,

USAL ™" Ulrasound powes fur cach ult { Sivie was celibrated hefore and sfier
cach ”l usng the o desserib .hfn :"“”'I"I
Bone scan:

All smimals were sacsifiond at the end af fyur manths by perfesion with newtral buffered
formalin, Before sacrificing the anisnals, all animaly were sodated and impecied with 4
millicurie per year of sge of 99-mTe MOP jmethylone diphosphonsie). The hesds were
ot tsen planner and tomegraphic images were obained and the region of interess (01}
was chirsen an the right and left TR secas ol the bone sean images: i detesrring the
amount of #-mTe MDP aptake by cach side. Abo, a curve in the smount of $9-mTe
MIDF uplake om serial slices was obstained wsing e BON Eor the right and left TRAJ arcas.
Radiogrophic meameemens of the mandibie

Afber bune scansing, the anmals heads were fived in 10 % buflered formalin for fwa
weuks, and then the masdibles were carefully disected with the TV intact, The
mandisled were thes wphil inko two halves st the symphyseal sutuees thal were it Flally
osslied und tiverefove malosg B caxy 1o split the mendibles, The two mandibubar babves
were fved do-s mdiographic casseiic asd rediagraphed using the lolbramp X-ray
machine setting (65 kVp [peak kilovolagel, 100 m [miilismpere], asd 160 second),



The antlses fur cach hemmi- mandible were iraced usig repalar acetsic tracing papers and
the: mandibular kryth for cach beemi-mandibl was measured (rnn the condykon (mos!
SupeTior and posterior poimt o the comvesity af the mandibulsr condyle) and the
gnathica {a point oo the contour of the musdihular length tha is comesponding i the
Pt of imtersection of & tngest s the anigrior sutlne of the nsandibulsr symphysis and
langesi o the infrior mandibetr pline) (Figare 1),

Histologival exgwination:

The right meporsmandibaslar joms wene removed asd decakified using 107 natric acid
Tissue blocks wene then embeddied in pamdFin, sectioned 4l fum thick e, und

stained with hematonyyim and evsia (& E). A hisologies) stuy war performed using o
light microscape for qualiative evaluation and bssomomphomeiric snalvsis.

Hintomu rkovmeieee: amabsin

Histomombometric analysis was perfonned us lallows. Far each specimen, =

i roscopic field was chinen in the cardoginous ares mmmedistely wnder e
Ml.rlllmmum-.mlotllm.iﬁhi:iﬂmn‘.w:ﬂmlud.ﬂmﬁmm
capiured by 2 Famaseak: Video Camera mounted on 2 light microscope (X650,

¥y mpus, ligan). The mi i fickl nchded = the amalyis was 6 d on the
condylar head regon of each microscopic seoton. The totsl surface sres of boie

trabooubic was used to assess the hivtolagical results. This paramcter was calesbated
usineg image analysis software (lmage-1, versas |31, NIH, Betheada, MDD, USA ). Bone
trabecular wene aulormaisally cobor-coded aflor selecisn of e appraprate theeshokl that
eriames count of Febecabss and exludes oiber non-desred structures. The colir-code

theeshald af buna trabeculne was sutomatically calculsied as a perimeter of rabeculsr



sanacture that was more than 20 pixels and had & Eayscale range of 50-130. The coliccted
variables were analyred i compared betwoen groups By ANOVA test sing SPES
sofiware,

Errur test

Subsets of five neconds for mandibular length, Boew mrabecslar ancs s bone scsn cout
were memsured fwics by two differenl investigarors, The ivo measuremesis fior ssch
variable were compased using Pearson's comelation coeficlen, The carelstion

eoeflicients b the two me: were found to be r= 097, 0,9 and r~0.87
For mandibular leagth, bone tradse ilar ases and bone scan uplake percenige
measanemets fespectively. This mdiested Ut the mensureeent tecknigues werne
repeoduibhe.

Resgity

Climical findings:

Figane 2 shows the intraceal photogragphs of the snimals in both grosss after completion
of the reatment where here is midlne devintion in el eimnals 1 Lhe right sale
inoastimulased sides). This midline devistion is e roeminen in the aninea b that had
bwth bite jusnping spplissces and LIFUS {Figun 2a) then thess with LIPLS aaly {Figare
2k

Ba sran findngs:

Fignares 3a amd ¥h and tabde | show the fimdings of the bone scan slices of e animais im
the bite jumpssg applance and contrml groups: respectively with tho curve negacsesting
the ¥2-mTu MO wpaske by the KON o the right and lefl wdes of the TMJ, i cam bee seem
that the ¥mTe iiplake i mare in the fumper group thas in the control group.



Radmgrapac mraruremoss

Table l shows the comparison between both groups. B cas be seen thar Bagh jresapes had
abmost similar mandibular kenpths os there was no sitstical difference between 1he
rumstimubated sades (vight side) in bosh growss. Bowewer, # can be seen that thess was a
sististical difference between both nossimsabited {right) and stimulsied (left) sides in
Eah grewps, which shows clearly ihe dimulatoey efleey al LIPLS in mandibular growth
in both greups. Alsos, it can be seen that the anterorely jumping applisnce promonod the
st lstory effect of the werasound in the jumper o (applince asd LIPUS) more
tha in the LIFUS-only group as there was o satisically significent dference bebween
the stinessbabedd (1) sandibular len gtk in both groups.

Hisaniogical hismorphomerric analysis

Frguncs 4 and 5 show (ke histologre al sections of the right (nonstamulated) snd ket
(LIPLIS stimmibisi} treated condyles of the jumper group. 1t is clearly seen tha the

sondylir cartilage on the right side (nonstimulated sale) showed bose replacement &5

indicated by bemy irabecul af the condyles snd sk dereased thickess of ihe
condytar cartilbige when compared with the nonnal condyle inenstimlsted side of the
controd group) (figuse 61 Simalar findimgs can be noticed in comparing liguses S sod 7 as
e Bome: et ion sl maturation can be noted i the jumper grows siimulated side
than in the control groe #tlssstabod sde (figure 7) thai shows mare thickenisg of the
sondy bir certilige ad less bone formation when compared with figere §,

Taubrke [ shuws the compasiscns berween the histomorphomesric analysis of the righ
(nonstimulaied) and kefl (simubated) condyles o b groups and alss beiween both

ey,



Diseussing

This study evaluated the effect of LIPLS an mandibular candy lar growth wich sl
witbwul the wse ol anterior bite jumping appliances in growing baboon mankeys. A
previous popart showed that LEPUS of similar parametons can stismalate mandibealar
growth in rabibits. Before conducting ctinical irials in hussans, the tecksique had s be
evakmoed om hightt animals that have more phylogenetic affisiy (o bemana, such is
mamkeys.™  Previous studies have shown that dhe saximum adaptive response in the
condylar carslige occurs afber delivering functiosal protrusive sppliances in mnkoys
reachid al 4-6 weeks." Also, previous research has sherwn that the maximurs s ubiiory
effect of uliressind ¢an be achicved afier 14 weeks of application, " Hewever, the

clinical evidence af the stimulstory eMect wes not evidest umil afier four months of

lira: {l applicalion in keys companed b B reasls oblained in four weeks i
rabhits"* This may be due o the differeni pvlgenetic response snd e span of each
uninal species * The mossign ficant difference betwen the mandibdar jesgrhs on the
nonstimubales {right) sides in both groups shoukl not be expleined 8s that the Sunctial
spplances slone have no dsimlitury cffect on growth sadification, as might be infermed.
A beter explenition may be that the jumping applances bave produced soeme effect as
evikenced from the histokogical changes i the condyles when compared i the siimulabed
(rght} sidde n e control grosp (Figuees £ and 61 However, iy mignilicant
anibropomeiric changes o masdibular longth can be nited over the experiments] period
This evidesce patilies performing more sudics 1o cvaluste the long-tem efTect of LIPLS

and with and without the use of Wiy pEmping apql Anoiker possible

explanation 1 thal is the increased mandibulsr shifl in the jumper group dus o the



wncﬂhnﬂhcm:mummgmddmhuyumhlﬁmh

p-uwuhnl'lh-;n-:-nsﬁmtlndﬁh.ﬂpin.ﬁ;mumbewbewm‘umIr:ln'nﬁl
u-'.fmlMmmMIMIh:hmm’mmkmumhpnlmml
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Mﬂﬂmphk:ﬂlﬁm:mqeiﬂhjq«rwpmhdmmhlmwlhh
bite jureping applisnce. This is in agreemont with Shen o sl 2005 ™ sad with Tasg and
Rahic, 2005 ™ whi poinsed eset thart omoe the condyle underpnes more endochundoral

bomh'nlmnuduﬂhnnznmh:unndyhmwﬁmmﬁcmnhh
can be noticed that tee formed endichondusl hane repl; i the jumper group

tﬁwcﬁ}ltm_MEIthmmhuh1hmrﬂlFmﬂ.mwh
yualitatrve ksnbgacal findings are parallel o the quantitative hismorphometric

i in (hat in the jumper goup mone bone formation was noted when compared 10

the contral group, especially in the LIPUS stimulased sides. The difference betwoen the
Aonsitmulaied Mhmmi.pmlglmmﬂrnnﬁﬂuhgh

M dsegmoms.

Excessive bone formmtion detecied in sll LEPUS treabid condyles, & in agreement wink
the peeviois research that saggesied the st lwlory effect of LIPUS om the bone cells
and arsteogemesis i UMR - 106 cells.”' 1t was als found that LIPUS has an enbanced
asabolic effect on mouss bone - masrow cells, possibly dus bo ils thermal eloct. ™ The
biclogical effieets of the LIPUS may have beem caused by the pressure waves of

firn d mechandcal f Bation. Thes: p weaves could medisie biokogical
mivﬂrﬂlh:ﬂmbrﬂmmglhnmmﬁhafﬁuﬁmmmmﬁ
the cell membrame. "' The increased blood vessels show i the LIPUS-reated candyles®



beme: srarrow spaces in both groups {figses 5 and T sugpesed that LIPLS sianubsed

bone formation thruugh i  angiogenssis. This is in agreement with a previois
feport am the stamadatory effect of LIPLS on bong Frmation gs mediated by the nerease
ins e bilood vesscls formation. ™ Also, this s m agreement wilk other stidics which
shivverd that bome growth, repair, and remodelmg are dependent on the formation of new
blood vewcls (engiogesesish ™

The resalis chtamed in this dudy dhow ikt comvibming the ulirasound snd Fanctional
appliances produces 4 more synergetx: offect on promctmg mandibular gowth. This
wuy evidenced by the iscroase in the growil activity indlicabed by bane scan, inial
mandiblir kengih, and bony frabeculse as compared to he animals tremed by
ultresound caly. Even thoegh the resudts obtnined with the contral group thar roceived
whrasound only was small, relstive 1o that in e jarmpeer prowp, it waks sl significsm
and in agreement with the previous rbbii soudy that showed LIPUS can induce
prownih modificainon of the mandibular cundyle by eI, ahikoagh with differem

treanmnen! Jurations

Canclusien und recommendatlen

Thar resulis of thes nesearch show that LIPLS can staimistate and medify the growik patiemn
ol thr mandibde n growing habonn ke expecielly whes it & wsed with fancional
appliances. More studies are needed 1o evahumte the long-term stablity and the motecslas
hasis of the obiained clinical resshs.
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Figure legends:

rml:tmmmmwurmmhm-ymmmwm
measurginenl of the mandibular lengih

Figure 2: Clinical photograph skewing midlme devistion of § monkey in the jumper
l{mﬁlmmtlbmin&rmm[lﬂﬂhhm.

Figure 3; Bone scun of the monky skalls showing the RO five the right and ff TM)
arcin in the pemper appliance groep (a) &nd in the control grosp (k). 1t éan be seen that
more pdake is ootliced = the st lsied sides than in the noostimulated sides, s ks is
also greater in the jumper appiance group then in the comrol group.
Figure 4: (Jumper upphsnce group, nowstimulased side) L ight photomicsograph of the
anticular surfscs of the condyle afler wsmg the il jumping applisnce showing denss
fihrous covenng, fibeocamilageous layor, and beay tnbeculie (F&E siain X200).
Figure 5. [ hamper appliance groop, stimulsied sideh Light photomicragraph of the
condyle after using LIPUIS and bite jemping appliance treatment showing thin dense
[arouss covering, moneralized fibeocania ginous Bryer, and highly masured'onganined

oy irwhecislae with few manow spaces (HEE e XI00),

Figmre & {Control geoup, non-stemubsted sidie) Light ph icrograph of normal condyle
shorwimg thick dense [ruus covormg, (ibrocartilsginous byer and noereal bony
trbeculse. (H&E sain X300y

Figuee T: (Control groop, stimmulated side) Light phowsenicrygraph of the aniculsr
surface of one of the LIPUS-treated condyles showing thacker Bayer of dense [bvous
covenag, fibrocartilgnous lbyer, and hony trabeculic bitictably more lined by aciive
usteubdisis than m the normal condyle (HEE gain X200).
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Tabde |. Comparisen by ANOVA tesd of bane scan represemied o the pereeniags of (he
rudiomuclide uptake by the right and lef condylar area between bl sides in eseh growp

and between boil groups,
Turper Appbance Group (G} | Signilcance Comiral Croap (G2)
Wight | Lek | il | Right Tk T |

AT LA [SZH09 [610 24

(418406 "Snpr227 [12Br 34 | P o
| i

Right side [nonscamiied] Vet side {utimiated, LIPLE)
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Tabie 1L, Comparisos by ANOVA test of the asth np I measur of the righd and left
mmh--mmmhmm-ﬂm-mwp
i

Jumper Appliance Giroup (G1 ) '&mﬁnﬁ[ ©Contl Group (G) | Signidicame |
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—— | S
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TRigh | Left | O

Hight sede {nonstim lated) ! LeR side [stimulased, LIPS}
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Tahle UL Comparism hy ANOYA test of the total surfsce ares in mm® of bone trsbeeulss (s fhe
right and lefl mandibular condyles between both shdri in each group snd between betl

[ Teeges Appliance Growp (G1)

Righi

groups.

T o |

| Bignificance |

* Control Growp iG2)

Sapmificance |
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