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INTKODUCTION 

The serum transaminase (glutamic oxalacLtic transaminase and glutamic 
pyruvic transaminase) concentrations in various kinds of tissue necrosis have 
bern the subject of study for over 10 ycars (LaDue et al., 1954, Wroblewski 
& LnDue, 1956). The majority of these investigations relate to the diagnosis 
of cardiac infarction and hepatobiliary diseascs. Changes in the transaminase 
activities in the blood have also been observed, however, after acute trauma 
and surgical procedures carried out on variniis organs (Lawrence & Schul- 
kins, 1956, Chinsky & Sherry, 1957, Liebernicim et nl., 1957, Nickell & All- 
britten, 1957, Fisk et a,l., 1958, Person & Ju,dge, 1958, Snyder et al., 1958, 
Bjiirnesjii et ul., 1959, K'cisbwg & Snmnpson, 1959, Ayres & Williard, 1960, 
Jensen, 1961, Hoch-Ligeti, 1962, Korn et nl., 1962, Nissen & Bohn, 1964, 
Dragon & Pataki, 1966, Hollmen & Saukkonen, 1967). Some of the series 
reported include patients with injuries of the jaw, face or head (Chinsky & 
Sherry, 1957, Lie6erman et nl., 1957, I-loch-Ligeti, 1962). 

It has been show:i that under normal conditions the human blood serum 
contains a specific enzyme capable of hydrolyzing polypeptides, i.e. y-glu- 
tamyl transpeptidase (GT), the activity of wliicli has been found to incrcase 
in certain pathological conditions (Szewczulc & Orlowski, 1960). Elevated 
serum GT values have mainly been noted in diseases of the liver (Szczeklik 
et al., 1961, Kokot et al., 1963). The highest enzyme concentrations have 
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been observed in patients showing obstructive icterus and liver metastases, 
in which conditions GT has becn found to respond more sensitively than the 
transaminases (GOT, GPT) or alkaline phosphatase (Aronsen et al., 1965, 
1967, Nosslin et al., 1966). 

Since individual variations were observed in tlie scrum enzyme activities 
of patients surgically treated for pathological conditions in the maxillo-facial 
region, the determination of y-glutamyl transpeptidase, in addition to the 
transaminases, has since autumn 1967 been included in the clinical routine 
laboratory determinations. These observations are presented and discussed 
in this preliminary report. 

MATERIAL AND METHODS 

The series consisted of 50 patients treated at the Department of Maxillo- 
Facial Surgery (Table I). Fracture of the jaw was present in 27 cases, acute 
or subacute abscess of the maxillary region in 7, chronic osteomyelitis in 7, 
a malignant tnmour in the lower jaw in 3, and a cyst in the maxillary bone 
in 3, while 3 patients showed prognathism, on account of which vertical 
osteotomy was performed. In a total of 37 cases some surgical procedure 
was carried out in the maxillo-facial region, while 13 patients were conser- 
vatively treated. In some cases both GT, GOT and GPT were determined, 
while in others only one of these variables was studied. In addition, alkaline 
phosphatase was determined in most cases. If the enzyme values were within 
the normal range at the first determination, repeat assays were as a rule not 
made. For practical reasons it was not possible to make systematic determi- 
nations every day for a certain length of time. Therefore, the series was not 
uniform, and the individual cases were not directly comparable. 

Table I 
Distribution of patient material 

Group Number of Median Female Male 
patients age (range) 

A Fracture of the jaw 
B Abscess 
C Osteomyelitis 
D Miscellaneous 

27 33 ( 8-63) 1 26 
7 29 (14-59) 2 5 
7 34 ( 1 1 6 0 )  4 3 
9 36 (17-69) 4 5 

Total 50 11 39 
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r ,  I he method employed in the assay of y-glytamyl transpeptidase was b a s d  
on the technique described by Orlozoslsi & Szcwczr~k (1961). As substrate 
was first used u-(N-y-DL-glytarnyl) aminoproprionitrile (GAP), later y-1.- 
glutamyl-a-naphthylaniirie (GANA) (synthetized by AB Ferrosan, Sweden), 
wich in this work has been used The normal values were 1 4 0  units, and 
the mean value was 16 units, with the former substrate. With the latter 
substrate tlie normal values were 10- 80 units and the mean value was 
about 25 units. 

Serum GOT and GPT were determined by tlie method described hy Reit- 
man, & Frankel (1957) (AB Kabi, Sweden). The normal values were 0 4 0  
nnits for GOT, 5-35 units for GPT. 

For tlie determination of alkaline phosphatase the method described by 
B ~ s s e y  et al. (1946) was used. The normal values were 1.2--2.9 B-L units 
(C. H. Boehringer Solin, Ingelheim am Rhein). 

RESULTS 

The changes in enzymatic activity in the various disease groups are shown 
in Table 11. The maximal values in the individual cases are presented in 
Fig. I .  

Table 11 
Frequency of GT, GOT, GPT, -4Ph eleuatLon in tarious oral surgical disorders* 

Operation Enzyme activity 
or Total GT GOT GPT APh 
disorder Total Elev. Total Elev. Total Elm. Total Eltv. 

A Fracture of the jaw 
Conserv. treatment 
Osteosynthesis 

13 Abscess 
C Osteomyelitis 
D Miscellaneous 

Mandibular progna- 

Cyst of the jaw 
Malignant tuniours 

thism 

27 21 8 24 10 23 6 23 1 
11 8 4  9 4  8 2  9 1  
16 13 4 15 6 15 4 14 0 
7 4 2  7 2  5 2  7 2  
7 6 2  7 2  7 1  7 1  
9 6 3  9 0  8 3  7 1  

3 2 0 3 0 3 0  2 0  
3 2 1  3 0 2 0 2 0  
3 2 2  3 0  3 3  3 1  

SO 37 15 47 14 43 12 44 5 

*If the unit valiir in an assay was higher than normal, the level was regardrd as elevated 
The following values were regarded as normal: 
GT ( 8 0  units 
GOT < 40 units 
GPT < 35 units 
APh < 2.9 B-L units 
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Fig. 1. Serum GT, GOT, GPT and APh levels in patients with oral surgical disorders. The 
dots represent thc highest lcvcl observed in the individual cases. The nnnilrer under each 
bar refers tn the total number of patients in the group. A. Fractures of the jaw. U. Abscesses. 

C. Ostenrnyelitis, osteitis. D. Misccllanrous. 
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Fig. 2 a. The course of the GT, COT, GPT and APh activities in three patients with severe 
inaxillary fractures (I male, 54; I1 male, 26; I11 male, 63). For the sake of comparison a case 
with fractures of the upper jaw and right tibia is shown in which no elevated GT values were 

noted in  the serum (IV male, 19). 



478 V41,I.E J. OIhARINEN,  MAHIA MAI.MSTR6V A N D  N U B E N  GOKDIN 

hItrsillu.ry .fruct iires 

Of the 27 patients with maxillary fractures, 11 were conservativcly treated 
by intermaxillary fixation and extraoral plaPter. In addition, extraoral osteo- 
synthesis was performed in 16 cases. In a c’ase of incomplete fracture free 
bone was transplanted from the iliac crest. Two surgically treated patients 
with fractures of the jaw hat1 also sustained fractures of the limb, which were 
conservatively treated hy a plaster cast. 

Of the conserwtir!cl~y t r t m t d  pcitierits rrith irmxillary fracturc,s four out 
of eight had elevated serum GT values, the maxirnurn being 239.0 units. 
Ihis value was ohtained 10 days after the trauma, when the patient was 
transferred from another hospital to the L)epartnient of hfaxillo-Facial Sur- 
gery. In this case, as well as in the reniaining three cases, the GT values 
reniained higher than normal for niany weeks after the traimia (Fig. 2). 
Elevated GOT values were observe11 in four patients out  of nine, and elevated 
GP‘T values in two out of eight patients. Albaline phosphatase was clearly 
increased in the lrlood in only one case. 

Of the si~rgiccdly treated pciticnts with niaxiblary .fractures four out of 
13 showed increased GT activity in the serum i)(rst-(rI)eratively, the maxi- 
mum being 292.0 units. Elevated (JOT values were noted in six out of 15 
cases, elevated GPT values in fonr out of 15. After osteosyntll 
phosphatase concentration in the seruin did not in any case exceed the upper 
limit of the normal range. Two patients still exhibited elevated GI values 
three weeks after operation. In  one case the GT activity rose above the nor- 
mal level one month after operation and remained e.levated for over a month. 
This patient contracted mild viral pnemnonia dining the period of treatment. 
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Fig. 2 11. GT valurs from the a) graph siiperirnposed. 
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I 

1 2  bscesses 

GT was deterrriiriecl in only four of tlie seven patients who showed abscesses 
of tlie maxillary region. In two cases tlie GT activity was clearly iricreasetl 
(Fig. 3) ,  but the GOT and GPT values were not elevated. The ahscess MYIS 

suhniantlihular in all of these cases. Of the remaining three patients with 
maxillary abscesses two showed a definite increase iri hotli GOT and alkaline 
ptrosphatase; GT arid G P T  werc not tleterniined. Tliese two patients were 
h t l i  under 20 years of age. 

, 

Fig. 3.  Changes in  serum GT activity during the period of treatment in a patient with a sub- 
mandibular abscess. For the sake of comparison the results of GOT and GPT assays perform- 
ed in this case at the initiation and termination of treatment are shown (male, 31). In 
addition, the diagram shows a case of submandihular abscess in which the enzyme values 

were within the normal range (male, 59). 

Osteoniyclitis, osteitis 

In  all cases in this group the mantlible ~ d 5  the site of the pathological pro- 
cess. Two patients showed subacute inflammation of the bone, and these 
were the only ones in which definitely elevated GT values were noted (Fig. 
4). Five patients had had clironic osteornyelitis for several years and been 
treated with penicillin for some months prior to operation. I n  two of these 
caws a slightly elevated COT value was once noted. Serum GPT was elevated 
in one case arid alkaline pliosphatase in one. In  hoth, the values returned 
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Fig. 4. Serum CT activity after the institution of treatment in  two cases of osteomyelitis in 
the maxilla. At the initial stage of antibiotic treatment patient no. I showed abundant exuda- 
tion of pus containing Staphylococcus anrcus from a cutancous fistula (female, 36). Patient 

no. I1 had chronic, non-exudative osteomyelitis in the mandible. 

to  normal during the period of hospitalization. After snrgicul decortication 
the patients became clinically completely asymptomatic, arid no progression 
of the disease was observed in either roentgenograms of the jaw or ortlio- 
pantomograms. At fo l low-~p investigation, too, the serum GT, GOT, GPT 
and alkaline phosphatase were within the normal range. 

iwiscellaneous 
Only two patients in this group liad elevated GT values in the blood. In  one 
of these cases resection of the mandible was performed on account of fibro- 
sarcoma. 7'he G'1' values of this patient were still elevated a month after oper- 
ation (Fig. 5). The other patient exhibited inoperable carcinoma of the 
mandible and oral fundus and, in addition, severe liver cirrhosis as a result 
of alcohol abuse. Because of uncontrollable liaemorrhage from the neoplas- 
tic area caused by irradiation therapy, both external carotids had to be li- 
gated. In association with cytostatic medication (cyclophosphamid) after 
the irradiation therapy, the already high GT concentration showed a further 
rise by many hundred units. By contrast, the GOT and GPT values remained 
within the normal range (Fig. 6). Radioisotope and ultra-soimtl investiga- 
tions revealed no liver metastases. 



ENZYMES I N  MAXILLO-FACIAL DISORDEKS 481 

Fig. 5. Postoperative GT, GOT, GPT and APh activity in a patient on whom resection of 
more than half of the mandible was performed on account of fibrosarcoma (female, 69). 
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Fig. 6. Serum GT, GOT, GPT and APh activity during cytostatic treatment (cyclophospha- 
mid) in a patient showing inoperable carcinoma of the soft tissues of the mandible and oral 
fundus. Prior to the enzyme assays the maxillo-mandibular region was treatcd with 6000 r 

telecobalt and both external carotids were ligated (male, 56). 
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DISCUSSION 

The transaniinase values in the sernni are elevated in surgical disorders in- 
volving tissue necrosis, severe inflammation or muscular injury. Elevation 
of the transaminase level can he detected in all cases of injury to metaholi- 
cally active cells (Dragon & Pat&, 1966). A clear correlation has been oh- 
served hetween the extent of tissue tlaniage and the serum transaniinase 
activity (Yickel l  & Allbritten, 1957). The highest transaniinase (GOT, GPT) 
and also glutarnyl transpeptidase (GT) concentrations in the seriim have 
been noted in association with liver lesions. On the other hand, snrgical pro- 
cedures carried ont on other organs have cansetl no changes of the same 
order in the serum transaminase activity (Chinsky & Sherry, 1957, Nicked1 22 
-4llbritten, 1957, Fisk c't ul., 1958, F'eisherg & Sampson., 1958, Ayres 22 
Fil l iurd,  1960, Hollnien & Saukkonen, 1967, Vidho lm & Turjnnnc, 1967). 
1 he I'resence or absence of postoperative complications and the relative 
degree of inflarnmation and oedema at the time of surgery seem to bpar little 
relation to the rise (Fisk et al., 1958). Likewise, general anaesthesia seems 
to have n o  effect on the transaminase activity in the serum (Lazcvence & 
Schulkins, 1956, Nickpll & Allbritten, 1957, Stark & (.'laudc, 1964, Holl- 
r n m  & Sauh-koncn, 1967). 

The enzymatic changes cansed by lesions in the maxillary region do not 
seem to have been tlie particular object of any investigation. However, in 
various reports occasional cases are found u~hich are of interest froin the 
standpoint of the present study. Nickell & Allbrittrn (1957) mentioned that 
severe, acnte injuries in the head, trunk and liml,s w-ere associated Mith a 
significant increase in the serum GOT values were not elevated although the 
patient had sustained several fractures of the jaw. Another patient with 
mnltiple fractures of tlie skull had a niaxiniiirn GOT valne of 75 units. 1,ic.- 
bcwnan ct ul. (1957) studied a series of 51 victims of traffic accidents. In 
27 per cent of the cases the GOT values were not elevated. In this group 
there were three patients with skull fractures. In  72.5 per cent (37 ca 
increased GOT activity in the serum was observed after the trauma. T w o  of 
these patients had fractures of tlie jaw. One was a 31-year-old inan, whose 
niaximnni COT value was 101 units (108 hours after the trauma), tlie other 
was a 50-year-old Inan, whose maximnni GOT value was 49 units (11 hours 
after he had sustained a fractnre of the jaw). 

In connection with the extraction of teeth (Hisch ct ul., 1965) in iiarodontal 
diseases (Honjo et ul., 1964) no elevation of the serum transaminase values 
(GOT, GPT) was observed. 

It s e e m  that no previous report on glutamyl transpeptitlase tletermina- 
tions (GT) has been published on patients with diseases of the oral cavity 
and jaw. 

r >  
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r 7  Ihe  present results were not consistent, arid in most cases the assays were 
niade several days after the daniage had been sustained. The low frequency 
of elevated serum transaniinase values in the present series might be due 
to the fact that the rise begins an  hour or two from the trauma and the niaxi- 
mnm concentration will be attained in 24- 48 hours, after which normaliza- 
tion will occur on the third to seventh day (Chinsky & Sherry, 1957, Fisk 
et al., 1958, Person h Jr~tlge, 1958, Bjiirnesjii et al., 1959, N i s s m  & Bohn,, 
1964, Batsukis & Brierc, 1967, Hollnrcn & Suukkoncn, 1967). On the other 
hand, the definite rise in glutarnyl transpepticlase activity oliserved after 
very severe injury to the jaw and in some cases postqxx-atively, and in asso- 
ciation with acnte infection, is noteworthy and merits further investigation. 
Another interesting finding was the rise of the GT values in connection with 
cyclo~~hospliarr~ide medication in a patient wlio previously had received a 
therapeutic dose of telecobalt (6000 r) in a carcinomatous area of the mandible. 
No siniultaneous increase in GOT and GPT activity was observed in this 
case. A corresponding rise in transaminase activity caused by cytostatic 
treatment has heen reported, e.g., by Gault r t  ul. (1967). 

Among the present patients with maxillary fractures only one sliowetl 
elevated alkaline phosphatase values. This is in agreement with the observa- 
tion reported by Hess & Henly (1963) that the activity of alkaline phos- 
phatase is usually unchanged during the regeneration of fractures. On the 
other hand, in patients with multiple injuries an increase in alkaline phos- 
phatase occurs some two to three weeks after tlie trauma. This increase is 
mainly associated with healing of the fractures, since the enzynies reflecting 
a tissue damage and the liverspecific enzymes are already normalized at this 
stage (Kutoja 1968). Like , a clear increase in GT is ohserved in these 
patients some 4 to  20 days from the trauma (Kutaja & Gordin, 1968). 

SUM M AHY 

In a series of SO patients treated at the Department of Maxillo-Facial Surgery, 
routine laboratory studies included tlie determination of serum transaniinases 
(GOT, GPT) antl/or y-glut.nmy1 transpeptitlase (GT) and alkaline phospliatase 
(APh). The series consisted of patients with fractures of the jaw (27 cases), 
maxillary abscesses (7 cases) and osteomyelitis (7 cases), and a so-called 
miscellarieous group (9 cases) including three patients with malignant t u- 
iiiours of the maxilla. 

I n  all the above-mentioned groups some patients exhibited elevated GT 
values and an increase in GOT or GPT activity. By contrast, alkaline plios- 
phatase was increased only in a few patients at some stage of the treatment. 
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Owing to the shortness of tlie series and the irregularity of tlie assays no  
attempt has been made to analyse the results systematically or to  draw m y  
final conclusions. However, the ohservations so far made are interesting 
enough to justify further st iidies, which may be expected to yield additional 
information concerning the changes in enzymatic activity in the serurri 
caiised by oral surgical disorders. It may be anticipated, moreover, that these 
enzyme reactions will prove to be significant indices of the course of the dis- 
ease. 

l t i S U M k  

OBSERVATIONS SUH I.ES A C T I V A T ~ S  ENZYMATIQUES DANS LES TRAUMATISMES 

naris une s6rie tle 50 patients trait& d a m  le service tle chirurgie maxillo- 
faciale, les 6tudes rle laboratoire sys tha t iques  cornprenaieiit la dktermina- 
tion des trarisarninases d i i  s6rum (GOT, GPT) ou tie la transpeptidase G -  

glutamyl (GT) et tle la phospliatase alcaline (APh), et Cventiiellement toutes 
ces di.terminations. I a  s6rie se coniposait cle patients pr6sentant cfes frac- 
tures tle la niiiclioire (27 cas), des al~c&s (111 inaxillaire sup6rieur (7 cas) et 
tles ostComyClites (7 cas), et d’un groupe w a d ) )  (9 cas) c:oinprenant 3 patients 
prbsentant ties tunieurs maligries de la miichoire. 

Dans tous les groupes ci-dessiis, quelques patients ~1r6smtaierit une aug- 
mentation des valeurs GT et ime aiignieiitatiori tie l’activitk <;(IT 011 GPT. 
Par coritre, la phosphatase alcaliiie ii’Ptait augment6e qiie cliex quelqiies 
patients, h iin rrioinerit du traiternent. 

En raisoii du caractitre limit6 de cette sCrie et tle l’irr6gularitC des tests, 
les auteurs n’ont pas cliercli6 h faire l’analyse syst6iriatiqiie ties r6sultats ni 
h tirer cles conclusions tkfinitives. Les observations r6alisCes jusqu’h prCserit 
sorit ceperidant snffisaninient intkressarites pour justifier tles Ctudes iilt6- 
rieures, tlont on pelit esp6rer qu’elles apporteront des informations cornplC- 
rneritaires sur les modifications cle l’activit6 erizyrnatique j)rovoqiiCes dans 
le serum par les affectioris chirurgicales de la r6giori 1)uccale. I)e plus, on 
peut s’attendre h ce que les rPnctions enzymaticpies se rkvhlent comme tles 
indices significatifs tie 1’6volution tle la maladie. 

ETLES AFFECTIONS DE I..& KCCION MAXILLO-FAC1AT.E. 

ZUSAMMENFASSUNG 

BEOBACHTUNGEN UBER DIE ENZYMATISCHEN AKTIVITATEN IN BEZIEHUNG 

Bei 45 Patienten der kieferchirurgischen Station wurcle wiilirend der Be- 
haridlung irn Krankenhaus im Anschluss an Routineiintersuchungen die 

ZUR TKAUMATA UND KHANKHEITEN I M  MAXILLO-FAZIALISCIIEN BEREICII  
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Aktivitiit der Serum- Transamiriasen (GOT, GPT) uncl/oder cler der y-Glu- 
tarnyl Transpeptidase (GT) wie auch die der alkalischen Phospliatase (APh) 
gemessen. 

Die Patientengruppen entstanderi aus Kieferfrakturfiillen, die mehr aIs die 
IIiilfte des gesamten Materials bildeten (as), aus Kieferabszessen (6), aus Os- 
teomyeliten (6) und aus einer sog. Mischgruppe, zu der u.a. drei Fiille mit 
hosartigern Unterliiefertunior ziihlten. 

An allen Gruppen konnten bei einem Teil cler Patieriten erhohte GT- 
Werte und auch gesteigerte GOT- oder GPT-Aktivitiit festgestellt werden. 
Der alkalische Phosphatasegelialt dagegen war iiur bei einigen Patienten 
wHhrend irgentieines Behandlungstadiunis erhoht. 

Aufgruntl des geringen Materials und der zeitlich uneinheitlichen Mes- 
sungen wurde auf ein systematisches Analysieren der Resultate verzichtet. 
Die x u  ziehentlen Schlussfolgerungen sind ai ls demselben Grund auch nicht 
endgiiltig formuliert. Die schon gesaniinelten Ergebnisse geben jedocli Anlass 
zu weiteren Forscliungen, von denen man sicli versprechen kann, dass sie die 
Bedeutung tler Enzymreaktiorien fiir die Kontrolle der Weiterentwicklung 
im Krankheitsbilde beweisen und wertvolle zusiitzliche Information iiber die 
durcli mund- und kieferchirurgischen Krankheiten heclingte Veriintlerungen 
in tler Enzymaktivitlt geben werden. 
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