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INTRODUCTION

Despite advances in surgical tech-
nique, management of ruptured ten-
don still presents a challenge and con-
tinues to be among the most difficult
rehabilitation management problem
(Enwemeka, 1989 a). Unlike most soft
tissues, tendons require several
weeks of healing in plaster cast immo-
bilization after surgical repair (Nistor,
1981). In cases of Achilles tendon rup-
tures, the period of immobilization
may last as long as 12 weeks, produc-
ing muscle atrophy , articular cartilage
atrophy, skin necrosis and tendocuta-
neous adhesions (Carden et al.,
1987). If healing can be quickened,
then the duration of cast immobiliza-
tion may be reduced to minimize
these complications (Langlais et al.,
1988). Several investigators used
physical agents and procedures to
quicken tendon healing, but 8 or more

1

weeks of plaster immobilization are
still required (Roberts et al., 1982 and
Akai et al., 1988).

Short-wave diathermy is the com-
monest form of electromagnetic
waves used (Barker et al., 1983).
When the diathermic current is passed
through the tissues there is increased
temperature through the oscillation of
polar molecules (Lehmann,1980).
Associated with the increase in tissue
temperature is an increase in blood
flow (Abramson, 1960). Elevated tis-
sue temperature and enhanced blood
flow may enhance recovery from inju-
ry, as well as relief of pain and spasm
(Lehmann et al., 1974). The results of
several human clinical and animal la-
boratory studies revealed improved
connective tissue healing, increase
collagen extensibility and faster reso-
lution of edema, exudate and hemato-
ma (Goldin et al., 1981). Fibroblastic
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A test lamp was used between the 2
electrodes during each sitting to en-
sure proper tretment. Assessment of
proper and mock short-wave treat-
ment were done after 10 and 20 days
. After 10 days of treatment half of the
rats in each group (n = 20) were rea-
nesthetized and the skin incisions re-
opened and the tendons freed very
carfully from the surrounding tissue af-
ter which the tendon sutures were re-
moved. During dissection, the degree
of peritendinous adhesions was evalu-
ated as mild or marked adhesions
(Seyfer and Bolger, 1889)

After tendon freeing. 10 tendons
were subjected to tendon breaking
strength evaluation (Owoeye et al.,
1987) while the other 10 tendons were
evalua ted histologically

The tendon breaking strength was
done by immediate stress test in
grams required to rebreak the surgical
site. A preliminary study proved that
rat tendons can heal after 20 days but
the strength of this site was still tar be-
low that of the rest of the tendon , so
that rerupture always occurred
through it. After freeing the tendons in
10 rats, the tendons were removed by
incising some bone at the site of the
insertion at the calcaneus to prevent
silk slippage. 2 - O silk was tied se-

curely at the osseotendinous junction,
while the other end was attached to
pull strain gauge equipped with a
reading pointer (SEA- German). With
the rat fixed on the table, the gauge
was pulled very gradually, in a hori-
zontal direction, until the repaired site
of the tendon ruptured and a recording
was taken at this point. The animals
were then sacrificed with an overdose
of ether.

After tendon freeing, the other 10
tendons were subjected to histological
examination. One centimeter of the
tendon centered at the repalr site was
fixed in formalin for histologic prepar-
tion with hematoxylin and eosin. The
amimal was then sacrificed with an
overdose ot anesthesia. The grade of
healing was determined according ‘o
the degree ot formed collagen fiber.
Stage ' = non union , stage 2 = miid
collagen fiber deposition, stage 3 =
moderate collagen fiber deposiion,
stage 4 = well formed and columnarly
riented collagen fibers (Enwemeka
1989 b). :

This process of evaluation was re-
peated after 20 days of treatment in
the remaining rats (n = 20 in both the
experimental and control group). The
results of the experimental and control
groups at each period of treatment

MANSOURA MEDICAL JOURNAL
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significantly promote tendon recovery
after 10 days of treatment (Fig. 1, 2). If
treatment was prolonged to 20 days,
faster healing of the injured tendon oc-
curred (Fig. 3 & 4). The tendon break-
ing strength seemed to be greater and
grade of tendon healing appeared to
be at a more advanced stage in the
experimental group when compared to
the control group. Also, short-wave di-
athermy decreased the amount of per-
itendinous adhesions in comparison to
the control group. This management
approach potentially reduces the
amount of time necessary for the en-
tire rehabilition process of tendon rup-
ture. The beneficial effect of short-
wave diathermy may be attributed to
the facilitation of fibroblast proliieration
and collagen synthesis, two processes
which are known to occur in tendon
healing (Cameron, 1961). The mecha-
nism of action was not clearly under-
stood. There is disagreement about
whether the effects are specific or
simply due to the mild heating. Some
e.g. Lehmann and Delateur (1982)
maintain that all the proven effects
can be accounted for by mild heating .
Other , pointing to other effect sug-
gesting that electrical changes may in-
fluence cellular membrane function
(Barclay et al., 1983). Cell damage is
associated with depolarisation and it is

suggested that recovery may be as-
sisted by ionic movement provoked by
the varying electric fieid (Hayne,
1984). Cell division and other cellular
activities may be aided by the vibrat-
ing charges of short-wave (Hayne,
1984). The heating causes an in-
creased blood flow and tissue meta-
bolism which assists resolution (Low,
1688). Both degeneration and repair
proceed simultaneously, so that quite
a small change may tip the balance in
favour of resolution.

Peritendinous adhesions which de-
velop after injury or operation are still
a major problem (Kulick et al.,1986).
The adhesions that are part of the
healing process constitute an almost
inevitable functional disability during
the biological response of the tissue to
injury (Manske, 1985). Adhesions wili
form between the tendon and sur-
rounding tissue at a point where the
tendon surface is broken, due to the
presence of inflammatory exudate
(Kulick et al., 1984 and Vander Salm
etal 1986). To achieve better gliding
function of tendons, continuous efforts
are being made to reduce peritendi-
nous adhesions without adversely af-
fecting the healing process itself. This
was obtained from the short-wave dia-
thermy after 20 days of treatment, as

MANSOURA MEDICAL JOURNAL
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quired for rehabilitation after tendon
repar.

SUMMARY

This study was to evaluate the ef-
fect of short-wave diathermy on the
healing of tenomized and repaired
rat's tendoachilles.The right tendoa-
chilles of 80 rats were tenomized and
sutured with 2-0 silk. Rats were divid-
ed equally into an experimental and
control groups. On the next day, the
right tendoachilles of the experimental
group were treated with short-wave di-
athermy while the right tendoachilles
of the control group were mock - treat-
ed. Sittings were given every other
day for 15 minutes. Half of the rats
from each group (n = 20) were evalu-
ated after 10 days of treatment, while
the other half were evaluated after 20
days of treatment. After 10 days of
treatment, no significant differences
were demonstrated between the ex-
perimental and control group regard-
ing peritendinous adhesions, tondon
breaking strength or histological grade
of healing. If treatment continuoud for
20 days, highly significant reduction of
peritendinous adhesion and highly sig-
nificant increase in the grades of ten-
don healing, were observed in the

short-wave (experimental) group when
compared to the mock - treated
(control) group.

REFERENCES

Abramson D.; Bell Y and Rejal H.
(1960) : Am. J. Phys.
Med, 39: 87 - 95.

Akai M; Oda H; Shirasaki Y and
Tateishi (1988) : Clin.
Orth. Rel. Res, 235 :
296 - 301.

Amadio P.; Wood M.; Cooney W.
and Bogard S. (1988)
;13 A : 559 - 562.

Barclay V.; Collier R. J. and Jones
A (1983) : Physicther-
apy, 89 : 198- 188.

Barker A. T.; Barlow P.; Porter J.
and Smith M. (1983):
Physiotherapy, 71:
500 - 504.

Bental 1 R.; Eckstein H. ( 1975) :
Kinderchirurgie 17:
380 - 382.

Cameron B. (1961 ) : Am. J. Or-
thop, 3 : 336 - 343.

Carden D.C.; Noble J.; Chalmers J.

MANSOURA MEDICAL JOURNAL




S{S87 i H UBWLIRGRD) 'Y "d eySuBp

‘2S} 'd uopuon
: AdessyioisAyd uuew
-8uleH :Adelsyjoisiyd
ul |oJUOD puB Jusw
-abeuew : uled : (886l ) MO

‘69 'd sunjiim pue
SWeI||IM : uopuoT ®
8iouwneg ‘pa plg p|ood
pue jesy onnadesay
: (2861) "g 1nate 8@ ‘p UUBWYST

‘9SG - £GP
‘dd ‘supfiim B swel|
-IM "Q ‘W ‘siowneg
" € P2 ‘ploD pue jeay
onnsdesayy : (0861) 4 ' uuBwYa

‘SHe -
202 : 66 "doyuo un
(vi61) 'S weyog
PU®e "Q usueMm "4 P uuBwyaT

‘v/¢ - 692
1 gl doyuo "wisu)
:(686}) "W binoge !op
IUBIOUBD :'d " NSSold ' siejBueT

021
=8kt ¥V ¥ Bing
puey -p (9861)

> 18IDBH puE 'S yuws W 3oiny

L9Y - 6SY
' €1 "Bing "ise4 “uuy

0661 “1°0 R ‘ANt ¥ B £°ON '0Z '|OA

: (p861) ZueH pue
'S UHWS 'Y mojzeig | ‘W Mouny

'99% - 6SP - 0L
‘Adessyioishyd : (p861) "0 sukeH

‘042 - 192 ¥€
“Bing -onseld r ‘ug
: (1861) "L leysien
PUB '’ MOLBOUBN

“H 'N aqgpeoig i'g "W ulpjon

9¥ -6€: 0} “IBylL
"Aud suodg ‘doyug p
:(8861) 'V Maueig pue
'g Buiwaq p Biagsispm g 1apali4

"$52
- 162 1 00} P "o0ssy
‘PBN © ued  : (6961) 't uuag

'G28-918: 69 18yl
‘Aud (4 6861) 'O exowamuzy

/82 -£82: 89
‘iqeysy ‘pepy sdyd
Twy (e 6861) "D BYowaemuT

‘G659 - 165 :8 0L
“1g "Bing ol suog
T : (8861) 't uos
OB PUB SIBAISUON
'S @j|saog 1 sewoyy ‘p Moy

02t
- 91y 69 ug ‘Bing
Ir esuog i (2861)

01 AWH3HLVIG SAYM-LHOHS 40 193443




oy TE 0 [ e TRree e, R e Ty T e e (W TR Sep—
B0 T—"

Helal N. et. al... 9

er P. (1985): Hand
Clinics, 1 : 25-34,

Nistor L. (1981) : J. Bone Jt. Surg.
Am., 63: 394 - 399,

Owoeye B.; Spielholz and Nelson
A. (1887): Arch Phys.
Med. Rehabil, 68:
415- 418,

Raji A. ( 1984) : J. Hand Surg., 9 B:
105 - 111.

Roberts M.; Rutherford H and Har-
ris D. (1982): The
Hand, 14 : 17 - 20.

Sekins K.; De Lateur B.; Dundore
D.; Emery A and Es-
selman (1982) : Arch
Phys . Med. Rehabi 1,

6817

Seyfer A.E. and Bolger W. (1989) :
Plastic Recon Surg.,
83: 122-128.

Vander Salm T.; Okike 0.: Marsica-
no T. and Compton C
(19886) : Arch Surg.,
121: 462 - 467.

Wilson D.; Jagadeesh P. ( 1976) :
Paraplegia, 14 : 12 -
20.

Wilson D. (1981) : World Med.,
Nov.: 97 - 98.

Woo S.; Gelbermann R.: Amiel D.
and Lothringer K.
(1981) Acta Orthop .
Scand, 52 : 615 - 622.

MANSOURA MEDICAL JOURNAL




:
:

T———

(00t X 3% xH
‘v apeib) uoneuaLO WIoUN
ajow 8y} pue sjuqy usbejjoo
pajebaibbe Ajgsusp siow
ay} Buimoys ‘Adessy) saem
-uoys Jaye sAep oz ‘sus bu
-|E8Y 8yj | uopus} saiuoy

jo uonoas jeuipnubuoy : y B4

{004 X 3% xH
't ape;_ﬁj payoed Ajasuap
JOU BB yoiym s;;.lq'u usbejoo
pajusuo sjeiapow o Ajoipo
-uad sy} Buimoys ‘juswiess;
- Yoou Jaye sAep gz ‘aus Bui
-jeay ay} 1B uopua} sajjiyoy

j0 uoioss jeuipnjibuoy : ¢ ¢

3

B4

066} 120 B ‘AINT ¥ B € ON '0Z 'IOA

(001 X 3
® 'XH ' ¢ apelb) sjuqy uabe|
-|02 JO JUNOLUE BJEIBPOW pUR
S)SEB|goIql} J8m8} PUB ainj
-ew Buimoys ‘Adessy} anem
-poys saye shep | ‘ aus Bul
-JE3Y 8y} Je UOpUBd} S3||IYdY

jo uonoas |eupnubuol : z ‘Bid4

{004 X '3 8'xH ‘| apeibd)
s|ugy uabejjoo payebaibbe
Anyby pue sisejqoiqy sno
-Jawnu Buimoys ‘Juswieal)
3oow Jaye sAep g} ‘sus Bui
-[eay 8y} Je UOpuUd} S9)|IYdY
jo uonosas |euipnubuoy : | B4

08 AWHIHLVIA IAVM-LHOHS 40 103443




Tw TR TSN e T—m——" IR e ediag e £t ones AR R 0k, e

Ui, . g

EFFECT OF SHORT-WAVE DIATHERMY etc... 11

Table 1: The degree of imprevement between the breaking strengths of
the experimental and control groups (by kilogram).

GROUP

AFTER 10 DAYS

AFTER 20 DAYS

n Mean+S.D.

n Mean+S. D.

Experimental.
Control.

P

10 1.116 £0.136
9 0.975 £ 0.194

> 0.05

10 3.146 + 1.803
] 1.430 + 0.157
< 0.01

n = Number of rats

P = Statistical level of significance between the experimental and con-
trol groups after the same periods of assessment.

Table 2 : The degree of improvement between the histological grade of
tendon healing of the control and experimental groups :

GROUP

AFTER 10 DAYS

AFTER 20 DAYS

n Mean+S.D.

n Mean+S. D.

Experimental.
Control.

P

8 1.816 + 0.581
9 1.301 £ 0.0492

> 0.05

10  3.426 + 0.651
9 2.316 £ 0.778

< 0.05

n = Number of rats

P = Statistical level of significance between the experimental and con-
trol groups after the same periods of assessment.
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