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EFFECT OF DIATHERMY (SHORT WA VE AND MI CROW AVE) ON 

BONE GROWTH IN THE ALBINO RAT *t 
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~ 

1 AND ARTHUR L. WATKINS, M.D., BOSTON, MASSACHUSETTS 

From the Departments of Physical Medicine and Pathology, 
Massachusetts G:eneral Hospital, Boston 

Physical agents capable of affecting bone growth are of interest to the clinician deal

ing with growth in general, as well as to the orthopaedic surgeon investigating mecha

nisms of epiphyseal arrest. The susceptibility of the growing epiphysis to roentgen radia

tion, demonstrated by recent workers 1• 6, raises the question of a similar effect of high

frequency electrical currents. The widespread use of diathermy in medical practice today 

emphasizes the need for more information concerning its physiological effects, as well 

as its potential dangers. This paper describes a set of observations concerning the effect 

of diathermy, applied to the region of the knee joint in the growing albino rat. Single 

exposures of either condenser field, short wave (8-meter wave length) or microwave (ll

centimeter wave length), were employed in approximately fifty animals. The contra

lateral knee served as a control. Appropriate animals were sacrificed and examined at 

~ing intervals following exposure for changes in bone length, soft-tissue reaction, and 

~e roentgenographic and microscopic appearance of_ the treated epiphysis. 

METHOD 

1. Short-Wave Diathermy (8-meter wave length) 

Forty 100-gram albino rats were anaesthetized by intraperitoneal nembutal. A small 

cuff electrode, 2 centimeters in diameter and 1.5 centimeters wide, suitably insulated with 

cotton wadding, 0.5 centimeter in thickness, was placed over the right knee joint. The 

animal was held in place on its back over an insulated indifferent pad electrode, 10 by 6 
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Method of applying short-wave diathermy to the region of the knee. 

centimeters. The electrodes were capacitatively coupled to the spaced plates in the patient's 

circuit of a standard clinical short-wave diathermy machine. Dosage was regulated by 

varying the resonance in the patient's circuit. Relative power output in the animal circuit 

was measured by means of a shielded milliammeter with a fixed shunt resistor, and 

rectified capacitatively, coupled to the electrode leads (Fig. 1). Meter readings of ten, 

-en, five, three, and two indicated the relative voltage in the animal circuit in 

* Read before the Orthopaedic Section of the American Medical Association, Chicago, Illinois, June 
24, 1948. 

t This work was aided by a grant from the National Foundation for Infantile P!!,ralysis, Inc. 
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~-------NUMBER OF ANIMALS-------~ 

8 4 9 

5 

'-----------RELATIVE VOLTAGE--------~ 

2 3 7 10 

Fro. 2 

• 

Relation of short-wave diathermy to soft-tissue reaction. 

various experiments. Duration of exposure was either five, ten, or fifteen minul 
The extremity was examined immediately after treatment and graded according to 

the following scale, based on soft-tissue reaction: 
0: Extremity warm to touch as compared to the control, but no other gross 

difference noted. 
+: Slight swelling present in surrounding soft tissues and slight increase in 

resistance to passive motion, either alone or in combination. 
+ + : Marked swelling present in surrounding soft tissues and marked increase in 

resistance to passive motion of the treated joint, either alone or in com
bination. 

+ + +: Ulceration or evidence of gross tissue destruction. 
The animals were observed at regular intervals following exposure; and secondary 

changes, such as atrophy, limp, or foot drag, were noted. At two, four, six, eight, ten, 
twelve, and thirty-six weeks after treatment, selected animals were sacrificed. Examination 
included roentgenograms and gross descriptions of the bone and soft tissues. Microscopic 
sections were taken of the distal portion of the femur and the proximal portion of the 
tibia, including the epiphyseal plate in most instances, of both the treated and control 
limbs. 

2. Microwave Diathermy (11-centimeter wave length) 

Animals under intraperitoneal nembutal anaesthesia were exposed to microwave 
radiation emitted from a microtherm, a parabolic reflector being used. The animal waR 
placed under a metal shield except for the region of the right knee, thus protecting the 
rest of the animal from the microwave radiation. In different experiments the source 
of the radiation was placed at varying distances from the treated limb, ranging fr.. 
direct contact to 4 centimeters. The power output of the machine was set at either 
per cent., 50 per cent., or 75 per cent. of the 130-watt total capacity of the instrument. 
Duration of treatment was ten minutes in all cases, except for one animal which was 
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TABLE I 

SHORT-WAVE DIATHERMY 

Sacrifice Condition 
Treatment Clinical (Weeks after at Time of 

Rat No. Voltage (Minutes) Results Treatment) Sacrifice Autopsy and Microscopic Findings 

31 

39 

40 

37 

38 

33 

36 
35 
11 

15 

12 

14 
13 

29 

26 

27 
28 
30 
16 
19 
18 -~1, t 23, 24, 
25 

10 

7 

7 

7 

7 

7 

7 
7 

7 
7 
5 

5 

5 

5 
5 

3 

3 

3 
3 
3 
3 
3 
3 
3 

3 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 
5 

5 

5 

5 
3 

15 

15 

15 
15 
15 
5 
5 
5 
5 

5 
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36 
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6 
12 
10 

6 

36 

36 
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10 
36 
36 
36 

3 
4 
6 

36 

Large ulcer, 
gangrene 
of foot 

Limp, ulcer Purulent arthritis; Staph. albus, alpha
hemolytic Strep.; marked degenerative 
changes 

. Limp, ulcer Thigh atrophy, one-third normal; thick
ening of joint capsule; limitation of 
joint motion; marked destruction of 

Limp 

Normal 

Normal 

Normal 
Normal 

Normal 
Normal 

epiphysis 
Muscle atrophy; limitation in joint mo

tion; cystic changes in epiphyseal plate; 
marrow fibrosis of metaphysis and 
epiphysis 

Slight scar over tibia; epiphysis grossly 
abnormal, narrowed, and partially de
stroyed 

Slight scar; ? microscopic changes in 
epiphyseal plate 

No changes noted 
No gross changes;? cystic degeneration of 

epiphyseal cartilage 
No changes noted 
No gross changes 

. Scar, limp Muscle atrophy; epiphysis grossly ab
normal, almost obliterated; hyper
plasia of synovial membrane 

Limp, ulcer Scar adherent to fascia below and lateral 
to knee; quadriceps atrophy; epiphyseal 
plate ossified and narrow; synovitis 

Limp, scar Gross deformity: right femur 2.8 cm., con
trol 3.5 cm.; limited extension of right 
knee 

Normal No changes noted 
IDceration, Spontaneous amputation of leg 

gangrene 
of foot 

Died 10 Deep ulceration of thigh 
days after 
treatment 

Scar, ? 
limp 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 

No gross changes; knee cut with dimin
ished resistance; minor changes in 
epiphyseal cartilage 

No gross changes 
No changes noted 
No gross changes 
No gross changes 
No gross changes 
No gross changes 
No changes noted 

No changes noted 



Rat No. 

41 

42 

43 

44 

45 

46 
47 
48 
49 
50 

Relative 
Wattage* 

75 

25 

25 

25 

50 

25 
50 
75 
25 
25 

Treatment 
(Minutes) 

10 

10 

10 

10 

10 

40 
10 
10 
10 
10 

* Percentage of 130-watt total output. 

Distance from 
Reflector 

(Centimeters) 

Contact 

Contact 

1 

2 

1 

4 
4 
4 
2 
1.5 

TABLE II 

MI CROW A VE DIATHERMY 

Clinical Result 

Animal did not 
survive 

+++ 

++ 

+ 

++ 

0 
0 
0 
0 
0 

Sacrifice 
(Weeks after 
Treatment) 

34 

4 

8 

2 

Died t 
34 
34 

2 
34 

t This animal died, of unknown cause, five weeks after treatment. 

- -

Condition 
at Time of 

Sacrifice 

Flail extremity 

Scar, limp 

Muscle atrophy; 
no scar; 
slight limp 

Limp, 
ulceration 

Normal 
Normal 
Normal 
Normal 

Autopsy, Microscopic, and X-Ray Findings 

Complete absorption of lower portion of femur and 
upper portion of tibia, with skin pedicle connect
ing foot to trunk (see text and Figs. 9-A and 
9-B). Cross section of pedicle shows nerve and 
skin normal; muscle bundle atrophied; no 
evidence of bone. 

Muscle atrophy; increased periarticular yellow 
fibrous tissue; marked synovial hyperplasia. 
Complete absence of epiphyseal cartilage in 
distal portion of femur. 

Right tibia 31 m.m., left tibia 34 m.m. Right femur 
24 m.m.; left femur 29 m.m. (control). Destruc
tion of central portion of femoral and tibial 
epiphyseal cartilage. 

Muscle atrophy; no gross bone changes. One end 
of epiphysis destroyed, but epiphyseal plate not 
injured. 

No changes noted 
No changes noted 
No changes noted 
No changes noted 

--
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exposed at low intensity for forty minutes. Following the treatment, the animals were 
graded as to soft-tissue reactions and examined as described. 

RESULTS 

The results (Tables I and II) can be summarized under the following headings: (1) re
lation of diathermy dosage to soft-tissue reaction; (2) relation of diathermy to bone growth; 
and (3) pathological changes in bone and soft tissues following exposure to diathermy. 

l. Relation of Diathermy Dosage to Soft-Tissue Reaction 

In these experiments the relative voltage employed in the exposure is compared with 
the resulting soft-tissue reactions. 
The results of short-wave diathermy 
are shown in Figure 2. 

Although there is a general cor
relation between the relative dose and 
the degree of tissue injury, sufficient 
variation in response exists to make 
accurate and predictable dosage im
possible under the existing conditions. 
It is well known that variation in the 
distribution of the electric field will 
result from minor differences in the 
geometric orientation between the di-. 

Aectric and the electrodes 3• It is 
~mceivable, therefore, that, despite 

the same relative voltage readings 
between the electrodes in different ex
periments, minor variations in the 
application of the cuff electrode or 
conformation of the extremity would 
alter the distribution of the electric 
field sufficiently to account for the 
differences in tissue reaction. 

t 

FIG. 3 
Roentgenogram of rat (No. 12), thirty-six weeks after 

short-wave diathermy to right knee (five-minute treatment 
at relative voltage of five), showing obliteration of joint 
space, atrophy of epiphysis, and shortening of femur (2.8 
centimeters; control 3.5 centimeters). Note also shortening 
of tibia, atrophy of fibula, and narrowing of tibial epi
physeal plate. 

With microwave radiation, similar difficulties arise in the accurate measurement of 
dosage. In general, the dose can be varied by changing the power output of the machine, 
the distance of the extremity from the source of radiation, and the duration of the ex
posure. In the experiments described, the dose was varied in such a manner as to pro
duce all grades of tissue reaction from mild warmth to the touch, with no objective 
changes (Grade 0), to marked evidence of tissue destruction (Grade +++).As would be 
expected, there was more marked tissue reaction with higher power output and shorter 
distances from the source of emission. Because the field strength of the microwaves di
minishes as the square of the distance from the source, and since the distances used in the 
experiments were comparatively small, exact dosage was not possible. The field distribu
tion of the microwaves is unidirectional. 

In view of the difficulties in quantitatively estimating precise dosage and distribution 
of energy in any individual experiment, it was considered more reliable to correlate bone
growth disturbance with the soft-tissue response immediately after exposure to diathermy . 

• 

Relation of Diathermy to Bone Growth 

In animals where no soft-tissue changes-swelling, muscle spasm, ulceration, et 
cetera-were produced following diathermy treatment, no subsequent changes were ob-
served in bone growth, either grossly or by microscopic examination. In nineteen animals 

' 
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TABLE III 

RELATION OF SoFT-TrssuE CHANGES FOLLOWING SINGLE EXPOSURE TO SHOR'r WAVE OR 

MICROWAVE AND SUBSEQUENT EFFECT ON BONE GROWTH 

Grade of Soft-Tissue 
Reaction 

0 
+or++ 
+++ 

No Effect on 
Bone Growth 

19 
6 

Number of Animals 

Disturbance of 
Bone Growth 

9 
3 

,. 

graded O following a single exposure to either short-wave or microwave diathermy, the 
treated extremity continued to grow normally, as evidenced by roentgenograms, measure
ment of the femur at autopsy, and microscopic examination of the epiphysis. Five animals 
with mild swelling and muscle spasm (Grade +) and one animal with marked soft-tissue 
swelling (Grade + +) also showed normal growth. The remaining twelve animals with 
disturbance in bone growth had soft-tissue changes (Table III). 

3. Pathological Changes in Bone and Soft Tissue Following Diathermy 

As stated, pathological changes in the bone were found only in those animals re
ceiving sufficiently large doses of diathermy to cause soft-tissue injury. In these cases, 
immediately following the treatment, varying degrees of soft-tissue swelling and mus. 
spasm were observed, as demonstrated by increased resistance to passive motion of tli 
knee joint. In more severe cases, this was followed within twenty-four to forty-eight hours 
by ulceration and necrosis of the skin and soft tissues. Healing was slow and varied with 
the extent of the burn. In a few of the most severe cases, gangrene was followed by spon
taneous amputation of the leg. 

The subsequent disturbances in bone growth following exposure to short-wave dia
thermy did not always parallel the degree of soft-tissue change. In several animals (Nos. 
16, 34, and 35), moderate soft-tissue changes following treatment failed to be accompanied 
by subsequent disturbance in bone growth, as evidenced by roentgenographic or micro
scopic study of the epiphysis. In another group, however, with comparable immediate soft
tissue changes following treatment (Nos. 12, 15, 37, and 38), considerable impairment in 
bone growth became apparent in later roentgenographic and pathological studies (Fig. 3). 
In general, the roentgenographic findings paralleled the gross and microscopic changes. 

Many of the pathological changes observed microscopically were not unlike the 
changes observed after epiphyseal irradiation by Gall, Lingley, and Hilcken. (An excellent 
description of the normal histology of the epiphysis of the albino rat may be found in their 
paper.) The earliest changes consisted in swelling of the cartilage cells of the epiphyseal 
plate with fibrillation of the matrix, followed by cyst formation in a few of the cases (Figs. 
4 and 5). The epiphyseal plate became narrow, irregular, and distorted; and in some ani
mals there was complete destruction of a portion of it. In the cases with severe damage, 
the epiphysis itself was shrunken and distorted, and the marrow was fibrotic (Fig. 6). In a 
few cases the articular cartilage showed degeneration and there was hyperplasia of the 
synovial membrane. The hyperplasia was more marked in the animals treated with 
microwave diathermy. . 

In the microwave experiments, no disturbance in bone growth was observed in a. 
animal which did not show obvious soft-tissue change immediately after treatment. 
the ten animals used, one died immediately because the dose was too large; five apparently 
received too small dosage to produce any clinical or anatomical change; one (No. 45) showed 
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Fig. 4: Photomicrograph (X 30) of lower end of femur of a rat with normal epiphysis, epiphyseal plate, and diaphysis. 
Fig. 5: Photomicrograph (X 30) oflower end of femur of a rat (No. 37), two weeks after short-wave diathermy, showing cystic changes in the epi

physeal plate and marrow fibrosis of epiphysis and metaphysis. (Compare with Fig. 4.) 
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494 C. S. WISE, B. CASTLEMAN, AND A. L. WATKINS •• 
destruction of one side of the epiphysis and articular cartilage, but the epiphyseal plate 
was not injured. In another animal (No. 44), following exposure to microwaves, a mod
erate degree of local swelling appeared, which persisted for several days without obvious 
ulceration of the skin. In spite of this mild soft-tissue reaction, there were definite bone 
changes, resulting in shortening of the femur during subsequent growth (Figs. 7-A and 
7-B). Microscopic examination in this animal showed destruction of the central portion 
of both femoral and tibial epiphyseal plates, as well as a portion of the femoral epiphysis 
and articular cartilage (Fig. 7-C). Similar changes were seen in still another animal 
(No. 43). An additional finding here was the extensive synovial hyperplasia, almost 
neoplastic in appearance (Fig. 8). 

The one animal (No. 42) that survived a large microwave dose and was sacrificed at 
thirty-four weeks showed a bizarre result. Immediately after exposure to microwave there 
was considerable swelling, followed in forty-eight hours by ulceration of the superficial 
tissues. Healing was slow and was followed by complete absorption of the distal portion of 
the femur and the proximal portion of the tibia (Figs. 9-A and 9-B). The resulting flail 
foot was connected to the trunk by a pedicle of skin and connective tissues. The circula
tion, bone structure, and sensation to pin prick, as evidenced by the animal's response, 

., -•' 
,/.. 

j' ' 

/ 

FIG. 6 

Photomicrograph ( X 30) of lower end of femur of a rat 
(No. 38), four weeks after short-wave diathermy, showing 
marked distortion and fibrillar g_(?generation of the epiphyseal 
plate, marrow fibrosis, contraction of cpiphysis, and degenera
tion of the articular cartilage. 

were apparently unimpaired in the 
flail foot.* A cross section of the 
pedicle (Fig. 9-C) shows complete 
absence of the bone. The skin sur
face on one side is normal, still 
containing the skin appendage.s 
while that on the other side h 
apparently regenerated following 
the ulceration. All the muscles 
are atrophic and the nerves are 
still present. 

DISCUSSION 

A review of the literature 
provides very little information 
concerning the effect of diathermy 
on bone growth. In 1932, N ove-
J osserand reported deformity of 
the calcaneus and epiphyseal 
arrest of the distal portion of the 
tibia in an eight-year-old girl, who, 
when she was only five months 
of age, had had a diathermy burn 
in the region of the heel. This was 
accompanied by 6 centimeters of 
shortening. N ove-J osserand stated 
that the calcaneal lesion, which 
corresponded to the cutaneous 
scar, resembled that which one 
would see in any deep burn of the 
heel of a child. What was remark
able was that the bony lesion al •. 
produced an important effect 

* Similar deformities were produced with micro\\'ave radiation in another group of experiments; details 
of the pathogenesis will be reported later. 
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FH. 7-A Frn. 7-B 
Fig. 7-A: Roentge=io.~r::.m of rat (No. 44), eight weeks after microwave diathermy, showing destruc

tior: of femoral and tib'al epiphyses and atrophy of patella. Note shortening of femur (2.4 centimeters 
aE compared with tie co=trol measurement of 2.9 centimeters) and tibia (3.1 centimeters as compared 
w:b the control mea3urement of 3.4 centimeters). The tibial epiphyseal plate is narrowed. 

· J.ig. 7-B: Photogffph d lo.:rer extremities of same rat, showing shortening of bones. 

'e t.=iJus and the lowei en::l of the tibia, whereas the skin at this level remained abso
lute!.~, intact. AlthJugh not mentioned by the author, we can assume that the instru
mer:t responsible for -:,l-_3 burn ,yas of the conventional long-wave variety (approximately 
100-meter wave len:;th), in use before the present era of short-wave machines. 

A personal comrrn:.:iicEtion * affords another instance of disturbance in bone growth, 
prerumably related to a diathermy burn. A five-month-old South American girl was 
stricken with poliomyelitis,. with marked involvement of both lower extremities. Thirteen 
days after the onset cf :;~e disease, the child was treated with short-wave diathermy. An 
elec1,rode was pla,Jed on thE- right ankle and another over the back. After twenty-five min
utes of treatment me had the symptoms of heat stroke, accompanied by cardiac and 
resp:ratory collapse a::ii co:wulsions. A severe burn developed in the region of the right 
kneE, requiring over t·.v-::- months to heal. Roentgenograms taken from six months to three 
years later showed deskuction of the distal femoral and proximal tibial epiphyses (Fig. 
10). This was assoc:ated w:th considerable scar tissue and contractures in the region of 
the knee, which ·were subse:iuently removed surgically. The orthopaedic surgeon stated: 
"From the history of the US-:l of short-wave diathermy, one is forced to the conclusion that 
the epiphyseal lesion ~s duE to the deep heat induced by the short-wave diathermy ap
para:;us. In my opir.ic,n thi, lesion is not due to any type of disease, and I have never 
seen tie condition in any ca3e of poliomyelitis. This child now has one and one-half inches 
of shortening due to this le:iion and the shortening will progress. . . . One can suspect 
that there will proba.bly :::ie Et least six inches of shortening when the child arrives at adult 
life." 

Aside from the t'.v•= eXRmples mentioned, no instances have come to the authors' 
attention in which this sericus sequela to diathermy burns has been reported . 

• 
=n 1934, Weinb€rg anc. Ward reported the experimental observation of increased 

scLhrization and bone= repair in bone defects in dogs, subjected to daily treatment with 
conventional diathermy. They reported higher temperatures in the bone than in the 

* The authors are inieJt€ed tc Frank R. Ober, M.D., for permission to publish a report of this patient. 
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Fig. 7-C: Photomicrograph (X 30) of lower portion of femur, showing destruction of epiphysis, epiphyseal plate, and articular cartilage. 

Fig. 8: Photomicrograph (X 135) of rat No. 43 shows marked synovial hyperplasia, four weeks after microwave diathermy. 
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surrounding soft tissues during the diathermy treatment. The accuracy of the temperature 
studies is open to question, since Weinberg and Ward implanted clinical thermometers 
in the tissues during the experiment. 

Osborne and Coulter, on the other hand, studying the thermal effects of short-wave 
diathermy on bone and muscle in dogs, employed thermocouples placed in hard-rubber 
cannulae before and immediately after local exposure to various wave lengths and con
cluded that, although the temperature of the marrow may be increased more than the 
general body temperature, the temperature of the surrounding muscle was always higher. 
These authors concluded that the degree of tissue injury must always decrease from the 
periphery to the interior. This conclusion presupposes the same susceptibility of all types 
of tissue to thermal injury. It is quite possible, and even probable, that variation in vas
cular supply· and in specific resistance_ to thermal injury exists in different tissues. The 
epiphyseal cartilage, for example, may be considerably more liable to permanent damage 
than the overlying skin and muscle, despite the same degree of temperature elevation . 

• 
FIG. 9-A 

Photograph of rat (No. 42), thirty-fom weeks after a large microwave dose. Shows flail foot, 
resulting from dissolution of the knee and of portions of the femur, tibia, and fibula . 

l 
FIG. 9-B 

Roentgenogram of same rat shows the absence of bone in the skin tube. 
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Fig.9-C: Photomicrograph ( X 40) of cross section of skin tube, demonstrating absence of bone and preservation of muscle and nerves. Note absence of skin ap
pendages in corium on side treated, in contrast to their preservation on other side. 

Fig. 10: Roentgenograrris of knee in an eleven-month-old child, six months after short-wave diathermy, show marked destruction of femoral and tibial epiphy
ses. There is marked periosteal new-bone formation at the posterior surface of the distal portion of the femur. • - -



.- . 
• > 

EFFECT OF DIATHERMY ON BONE GROWTH 499 

To those who have had clinical experience with diathermy, the difficulties of measure
ment of dosage are apparent.No accurate method is available at present for quantitatively 
determining the amount and distribution of energy absorbed by the tissues within a high
frequency electric field. In clinical usage, the dosage is varied by altering either the res
onance in the patient's circuit or the output of the machine. The therapeutic dosage, 
however, is determined by the patient's subjective sensation of heat, rather than by any 
objective measurement of energy absorption. In the experiments reported in this paper, 
the difficulty in accurate dosage is clearly demonstrated. Despite the controlled conditions 
employed, it was not possible to predict the exact degree of tissue reaction to a single 
exposure to short-wave diathermy on the basis of the relative voltage between the two 
electrodes. 

Under the conditions of the experiments, we can find no conclusive evidence that 
either short wave or microwave, when used in" clinical" dosage, has any appreciable effect 
on bone growth. In larger doses, however, extensive disturbance in bone growth may 
ensue. It was further observed that the degree of bone change with short wave, and par
ticularly with microwave, does not always parallel the degree of skin damage or super
ficial-tissue damage. Perhaps the distribution of the injury following the use of inore pene
trating heating agents may cause thrombosis of some of the deeper vessels with resulting 
changes in bone growth, secondary to insufficient vascular supply. Details concerning the 
pathogenesis of the various lesions await further experimental studies to clarify the distri
bution of energy in the tissues exposed to the shorter electromagnetic radiation. 

Eixperiments performed on the anaesthetized albino rat must be interpreted very 
cautiously as to clinical significance. The preliminary findings, however, suggest a warning 

• against the careless or indiscriminate use of diathermy, particularly in the patient who has 
not attained full growth. The use of electromagnetic radiation as a method of elective 
epiphyseal arrest in cases of unequal limb length does not appear feasible. 

• 

The unusual results following severe microwave burns, characterized by extensive 
bone absorption, do not exclude the possible therapeutic value of this type of heating 
when employed in clinical dosage. On the contrary, they suggest greater penetration of 
these ultra-short electromagnetic waves which, under clinical supervision, may have de
cided therapeutic advantages. The results merely indicate the necessity for careful control 
of dosage and the need for further clinical and physiological studies relative to this type 
of radiation. It is to be hoped that further studies of the biological effects of this portion 
of the electromagnetic spectrum, as well as technical improve~ents in instrumentation, 
will remove some of the hazards existing at present and furnish us with a more effec
tive therapeutic agent. 

SUMMARY 

1. Single exposures of either condenser field, short wave (8 meters) or microwave (11 
centimeters), were applied to the region of the knee joint in approximately fifty albino 
rats. At varying intervals of time, appropriate animals were sacrificed and examined for 
changes in bone length, soft-tissue change, and roentgenographic and microscopic appear
ance of the treated extremity. 

2. Soft-tissue injury following large dosages of diathermy showed a general correlation 
to the applied voltage, but sufficient variation in reaction resulted to make accurate dosage 
impossible under the conditions of the experiment. 

3. When moderate soft-tissue injury was present immediately after exposure to either 
short-wave or microwave radiation, the subsequent effect on bone growth-shortening, 
deformity, partial or complete epiphyseal destruction, et cetera-did not always parallel 
the extent of the soft-tissue injury. 

4. An unusual sequela to microwave burn was characterized by extensive bone ab
sorption and resulting flail extremity. 
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5. In two clinical cases, extensive disturbances in bone growth resulted in children 
who had received burns following diathermy treatment. 

6. Caution should be observed in all diathermy treatments; they may be contra
indicated for children. 

NOTE: The authors wish to express their sincere appreciation for the generous cooperation received 
from Joseph S. Barr, M.D., of the Massachusetts General Hospital, Boston, and from Kurt S. Lion, D.Eng., 
of the Massachusetts Institute of Technology, Cambridge. 
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DISCUSSION 

UNEQUAL GROWTH OF THE LOWER EXTREMITIES 
(Continued from pag!) 486) 

• 
clinical cases, some of the other factors which might be of great importance, such as relative blood flow and 
relative function of the two extremities. 

DR. WALTER P. BLOUNT (closing): Dr. Green is right in observing that we must be cautious in stapling 
the epiphyses of young children. Eight years is a good arbitrary figure for the lower age limit, but variations 
in development will influence the selection of cases. The criteria are approximately the same as those for 
bone operations on the feet in children. It is mechanically difficult to get the staples to hold in the soft bone 
and cartilage cap of young children. Occasionally early stapling is desirable. At any age, close observation 
at frequent intervals is necessary. The younger the child, the more likelihood of extrusion of the staples. 
This complication should be noted and corrected before angular or linear deformity results. 

Dr. White's remarks may have injected two erroneous impressions. Two years is not an absolute limit 
on the time that staples may be left in situ. That is an arbitrary period, established at Dr. Phemister's sug
gestion when stapling was begun. We are now leaving staples in much longer without untoward results. The 
safe period will be established only by continued observation, and will be reported at a later date. Certainly 
three or four years is permissible in most cases. 

Dr. White will find, after further experience with the method, that it is almost easier in young children 
to place the staples blindly than by direct vision. The cartilage cap is so large and the lateral margins of 
the epiphyseal plate are so expanded that direct vision implies thick flap dissection. The palpable contours 
are sufficiently accurate to be used as guides, if checked with anteroposterior and lateral roentgenograms. 
Exposure of the actual epiphyseal plate in young children would lead to damage of the growth center at the 
time of removal of the staples. In older children, it makes no difference whether the plate is exposed or not .• 

There is no discrepancy about the impaling of soft parts. Any fascia! or aponeurotic layers that move 
must be divided in the direction of their fibers and retracted. The periosteum and cartilage do aot move 
and may safely be impaled by the staples. Dr. White is right that the insertion must be very accurate. With 
practice and with biplane rocntgenographic control, this is not difficult. 
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