
PROTON MAGNETIC RESONANCE OF 
HUMAN GINGIVAL TISSUE 
A PRI.~I,IAIINAlZI’ REI’OI\T 

\\’hen :I s:iiiiple is introduced in  :I inagnelic field there occiir 
absorption lines for e1ectroin:ignetic radiation. These ahsorption 
lines :ire due to the rn:ignetic properties of atomic nuclei :md :ire 
c:illed nuclear ( in  this case, proton) ningnetic resonance lincy. 
They occur at uni~su:illy long ~v:ivelengths ( 5  - 500 i n ) ,  the 
exact vnluc of the wave-length or i‘recpency being dependent on 
the isotope (nucleiis) under study and 011 the strength of thc 
in:ignetic field. The magnetic resonance lines for :I given isotolw 
undergo ii1ipori:in t ch:inges when the nature  of the sainplc is  
wried.  For ex:iniple, the proton resonance in water is broadened 
if t he  ino1ecul:ir inotions in water :ire reduced due to incre:ising 
Liscosity o r  :ibsorplion of water on 1:irgc molecules. Sniall displa- 
cements of the resoixince lines (shifts)  n1:iy :ilso occur if tlic 
c hen1 icnl hon din g of proton s i s ch :in ed . 

The pro h i  111 :I g n e t ic r c son a nce method , when :i pp1 ied 011 b i o- 
1ogic:il samples, primarily gives inforination :thout the naturc 
of the water in the tissues, because water is their innin conipo- 
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nent. The water present in tissues has, howcver, :I structure dif- 
ferent froiii that  of “free” water because of the presence of elec- 
trolytes and iiincroiiiolccules of  different kinds (proteins, iii~ico- 
polys:icchnrides, collagen, etc.) cnp:ible of binding water niole- 
cules to their surfaces. The total water content in  the 1iuiii:ui 
gingiva is thought to  he :ibout (ih 5: . N o  inforiiiution is av:iil:ible 
011 the nalure  or strenglh of the wntcr binding in  the gingiva. 
This paper is :I preliininary study on the state of water in  noriti:il 
:ind diseased gingiva. 

M..l’l*KliIAI, .IS]) ale 1‘1IOI)S 

Pieces o f  clinic:~lly 1ie:ilthy :tiid diseased gingiva werc excised 
in connection with or:11 surgery. 111 all there were 13 samples. 
The tissue pieces weighed about 25 111s and were immediately 
introduced in siiinll  sod:^ glass tubes :ind sealed with wax. These 
tubes  were 1:iter directly inserted in the ni:ignetic reson:ince 
spectrometer. Immediately d t e r  filling the tubes, they were pu t  in  
:I refrigerator :ind 1:itcr in :I freezing box (-23” C )  for storage 
until the investigation. liefore the ni:ignetic resonance spectro- 
scopy wiis performed, the saiiiples were allowed to t ake  on rooin 
temper:tture ( + 2 0 °  C )  and were centrifuged down in the test 
tubes :ind inserted in the spectrometer. 

After the spectroscopic investigation the saiiiples were ex:\- 
iiiiried microscopically aftcr staining :iccording to unrz Giesoit 
: t i id  with 1i:teiii:ttoxylin-eosin. 

The equipment used for inagnetic resoIi:tnce has been described 
e:irlier (Odebkrtf ,  1961). Thc magnetic field was 4930 gauss and 
the proton frequency 16.7 hfc/sec. The resolution was 0.2 ppni 
( 3  c / s e c )  :is indicated by the resolution of alcohol spectrum (Fig. 
1 ) .  For the measureinenl of iiiagnetic resonmce line widths, !he 
~cutIiomot1ul:ttioii side b:inds described by Arnold d? Packard 
( 1 9 5 3 )  were used. The side bands were introduced at 170 c/sec 
on e:tch side of the s:tiiiple resonance. ’I’he full line width a t  half 
intensity W:IS inensured with referencc to the side bands (Fig. 2 ) .  
From the value of the  full line width ( B )  the spin-spin inter- 
action time (T,) was cnlculnted according to the equation 

T , = l / ; z  * B 



Table 1 

.lI>girelic resonan ‘e line i i i id ths  and spin-spin iii/ci action tinirs / o r  unrioiis 

h l c w i  S.1). of Nutul)er , . 
C1iriic:tl Sample linc 1ne:iii of ob- ’ L’ 

c/st.c wit~t l i  tions ”“ 

Cnsc A g c  t i i  i l l  i- diagnosis location mitltli line serva- 

G ing i vnl 
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Gingival 
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Gingiva1 
sulcus 
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~JIe:ltl 

Periodonti- 
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t is  chron. 

I’eri<JdIJ:lt i- 
t is  chroii. 

Periodonti- 
tis chron. 

Periodoiit i- 
t i s  chron. 

I’ A I F  g 1‘ 0 u 1) N 
Too t l l k  s s  6 1 1.8 12 J 

area TI 

- 81 

- 81 

tooth 3- 
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Mcsially :3i 2 .:1 8 9 
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Soncruptcrl 15 1.1 7 T 

(weighted) 49 1.2 6 .s 
I’ A I>”: g I’ 0 u p D 

111 t erdc t i -  13 1 .o 5 1 

tally 2 3  

tally 21 1 

tnlly 1 I 

Intcrden- 28 1 .‘4 8 12  

- 
Iii t er&w 28 2.7 > 11 

I ti t erde 11- 31 2.5 8 10 

- 

tally 6 

t d l y  x 
In t e rdcn- 38 2 .o (i >; 

!)Ai  .\I ra ti  ( i  g ti t cd 1 33 O . ! )  - .  

P A  1):s g r 0 u 1) bl 

I’eriotlonti- I i i f ~ r d ~ ~ t i -  42  3.7 7 s 

Gingivitis I3uccnlly :$ti 1 .:I 1 (i !I 

Periodonti- hlc3si:illy :lo 0.7 4 11 

Periocorotii- - 30 0 3  1-1 11 

t is  chroii. tal ly I,r 
- 

chron. 4 

81 

t i s  ctiron. (7 

t i s  chi-on. 
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:F The I,nthologieo-aiiatoinie diagnoses were classified in three groups: -- 

N. Includes only samples of tissue rich in collagen a i i c l  with only a few crlls. 
D. Includes only s:implcs of granulation tissue containing i i  loose connrctive 

tissue rich ill cells and poor in collageii. 
h i .  Inclutles samples with pieces of hoth collagcn-rich tissues aud granulation 

cell-rich tissues. ‘rhere is n slight inflnmniatiou in parts of t he  specimens. 

.. Mean (weighted) 34 0.!1 



CH2 OH cH3 

ItESL7L 1’s 
‘I’hc re\ults fro in  ihe inve\tigntion are  coiiipiled in Table 1. 

Frotti ;I ~):itliologico-:rii~itoiiiic poilit of \Tiew the sainples wet*(’ 
clns\ified in three groups, viz. (1  ) one ( N )  including only \:iiiil)le\ 
of tis\ue rich in collagcti :ind with oiily :I few cells, (2)  one (I))  
i tic I ti d i i i  g ( 111 I y \:I 111 pl e 4 of  g i ~ i  iiu 1 :I t ioii t i  s 411 e co~i t  a in ing :I 1 oo se 
connective t i \ \uc rich in cells :rnd 1)oor in colI:igeii, and  ( 3 )  one 
iiiiuetl group (h l )  where r:ich \attiple include\ pieces of both 
* o 11 ageii- r ic h tissue :I 11 d cel 1 - r ic 11 g r:i ii 11 1 ;it io i i  ti s sii e. There i \ :I 

\ l ight irif I n i i i i i i a t i o u  in p r t s  of the speciiiiens. 
1 he :i\cr:ige v:ilue\ of  re~oii:ince l i i ie width\ were 48 c/\ec for 

group N, 33 c./sec f o r  group 1) :rnd 3-1 c/sec f o r  group hI. ‘l’liv 
.i\er:ige v:rlue\ of \pin-\piii inte i~ ic l io i i  tiiiie (1,) mere rcspecti- 
l c ly  6.8, 9.63 :ind 9.8 iiiilli\ec. 

,. 

1) ISC r s s I( ) s 
The v:ilucls ohtained f o r  the line widths 1i:rve to he discussed 

with reference to the state of water in the tissue. P u r e  water has :I 

very sin:ill line width (:\bout 0.2 r/sec)  : t i id  :I spin-spin inter:iction 
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time of about 2 sec. Our values indicate that the water phase in 
gingival tissue is ~narliedly different f rom pure water. 

The compounds which may be largely responsible for the bind- 
ing of water in gingival tissue are collagen, iiiucopolysaccharides 
(ground substances) and cellulnr elements. The water binding 
capacity of each of these compounds depends on the surface 
exposed to water, on the number of hydrophile groups per unit 
of surface and, finally, on the strength of the bonds with water. 

As ninny of these fundamental properties are unknown, a pro- 
per discussion of our results cannot be conducted. W e  expected, 
Iiowever, to find a iiiuch broader line in the collagen-rich saniples 
than in the granulation tissue, because collagen may exhibit much 
less molecular motion than the inacromolecules present in the 
p o u n d  substance. The explanation for our finding may be that 
collagen fibrils are arranged in such a way that a relatively sniall 
surface is exposed to the tissue water and consequently is less 
effective in tieing up water molecules. 

Additional inforination on the so-named spin-lattice relaxation 
h i e  of protons may also he of importance for understanding of 
the state of water. W‘ork is therefore in progress to examine spin- 
lattice relaxation time (TI) on different kinds of gingival samples 
:IS well as careful measurements on water contents in gingiva. 

SUMlll AllY 

The paper is a preliminary report on the nature and strength 
of the water binding in noriiial and diseased gingiva by ineans 
of nuclear magnetic resonance spectroscopy. 

It fiS IT M 

RESONANCE MAGNETIQUE DE PROTON DANS LE TISSU GINGIVAL 
HUMAIN 

Cet article est le compte-rendu d’une iitude priiliniinaire sur 
la nature de la puissance de la fixation de l’eau dans la gencive 
saine et dans la gencive malade, par spectroscopie de la ritsonance 
niagnkticjue nuclkaire. 

9 - Act tr  Odont .  Scclnd. 1’01. 20 
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DIE PROTONMAGNETISCHE RESONANZ DES MENSCHLICHEN 
Z A H NFLEISCH ES 

EINE V O R 1 A ~ ' F l G  E RII'I'TEILI'NG 

Die vorliegende Arbeit ist eine vorliiufige Mitteilung iiher d n s  
V'esen und die Stiirke der \I':isserhindung i i i i  norin:tlen und 
1)ntIiologischei~ Zdinfleisch untersucht iiiittels lierniiiagnetisclier 
Resonnnzspekt roskopie. 
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