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of inner ear infections and prevention
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Abstract
Purpose: This article provides an historical assessment of the role of radiotherapy in the treatment of inner
ear infections. Materials and methods: The research utilized a literature-based evaluation of the use of
x-rays during the first half of the 20th century on the treatment of otitis media (OM), mastoiditis, and cervical
adenitis and their impact on the occurrence of deafness. Results: X-Rays were consistently found to be effec-
tive as a treatment modality at relatively low doses, in the range of 10–20% of the skin erythema dose, rapidly
reducing inflammation, and accelerating the healing process. The mechanistic basis of the clinical successes,
while addressed by contemporary researchers, is evaluated in the present article in light of current molecular
biology advances, which indicate that clinically effective low doses of ionizing radiation act via the creation of an
anti-inflammatory phenotype in highly inflamed tissue. Conclusions: X-Ray treatment of OM, mastoiditis, and
cervical adenitis was widely accepted in the first half of the 20th century by clinicians as an effective treatment
when administered within an appropriate dosage range.
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Introduction

In the early decades of the 20th century, before the

discovery and distribution of antibiotics, x-rays were

used to treat a wide range of diseases including gas

gangrene,1 carbuncles/furuncles,2 various forms of

arthritis,3–5 and numerous other serious human dis-

eases. These historical evaluations have indicated that

x-ray treatments were broadly accepted as having

reproducible therapeutic success, although the data

supporting such conclusions were principally based

on substantial case study reports, before the develop-

ment and implementation of double-blind random

epidemiological methods. In contrast to the other

diseases noted above, the use of x-rays has continued

to be employed in Germany for the treatment of

arthritis that is affecting nearly 30,000–50,000

patients per year, along with the widespread use of

animal models in mechanism-based research.5 The

present assessment extends these recent efforts by

evaluating the historical use of x-rays in the treatment

of human diseases that have long since become the

therapeutic perview of antibiotics. The present article,

therefore, assesses how the medical community in the

first half of the 20th century used x-rays and g-rays to

treat various types of inner ear infections such as otitis

media (OM) and mastoiditis and to what extent these

treatments were considered successful by practitioners

of that era and possible biomedical mechanisms that

may account for claimed clinical effectiveness. First,

the article briefly describes the clinical features of

OM, mastoiditis, and cervical lymphadenitis. Second,

the historical foundations of the efficacy of x-ray/g-ray

treatments of these clinical conditions were assessed.
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Background of OM and mastoiditis

OM refers to a common infection of the middle ear of

viral, bacterial, or fungal origin. It can be acute or

chronic depending upon the duration of infection.

Inflammation of the middle ear (mastoiditis) is charac-

terized by lymphocytic infiltration, hyperemia, pus for-

mation, and recovery in uncomplicated cases.6,7

Infection of the middle ear with effusion, but in the

absence of acute infection, is known as OM with effu-

sion (OME) or serous OM (SOM). Nearly 2.2 million

cases of OME occur annually in the United States.8

Persistent infections with resultant tympanic membrane

perforation are known as chronic suppurative OM.

The majority of the middle ear infections follow an

upper respiratory tract infection or allergy, which

leads to swelling and congestion of Eustachian tubes

and nasopharynx. Resultant blockage of the Eusta-

chian tube leads to accumulation of middle ear secre-

tions, which can further become infected by

microbiological pathogens leading to acute OM.

OME can result from a dysfunction of Eustachian

tubes or after acute OM as an inflammatory response.

Therapeutic strategies include symptomatic relief

and recovery with the use of antibiotics like amoxicil-

lin alone or third generation cephalosporins depend-

ing upon the persistent symptoms. Tympanostomy/

myringotomy (incision of tympanic membrane to

drain middle ear fluid and relieve pressure symptoms)

is performed for recurrent OM cases with hearing

loss.

An ear drum perforation may sometimes lead to the

spread of infection and subsequent inflammation to

the mastoid cavity (mastoiditis), which can disrupt the

honeycomb-like structure of the mastoid bone and

thus add to the complications of acute OM. It is diffi-

cult to treat mastoiditis since many medications fail to

reach deep into the mastoid bone, thus necessitating

long-term antibiotic treatment or surgery (mastoidect-

omy) if routine antibiotic treatments are ineffective.

Mastoiditis and intracranial complications of acute

OM are common in developing countries where there

may be limited access to medical care.7

Cervical adenitis

Cervical adenitis is a clinical condition characterized

by massively enlarged/swollen lymph glands in the

neck area. The engorged tissue is often hard and quite

painful with the patient displaying a modest to high

fever. There are a number of medical conditions that

have the potential to lead to the formation of such

swollen lymph glands. These could be tonsillitis, dental

disease, OM, scarlet fever, mumps, measles,

diphtheria, and influenza. Given the close association

of cervical adenitis with OM, it is included in this

assessment. While most of these causes are minimized

today, in the first half of the 20th century, these under-

lying conditions and the occurrence of lymphadenosis

were not uncommon. Standard treatments for such

massive swollen lymph glands during that era gener-

ally included the use of compresses and ointments,

neither of which were particularly effective.9,10

Historical foundations of radiotherapy
for OM and mastoiditis

During the spring of 1920, Beattie11 reported that

there were a large number of cases of acute OM fol-

lowing the epidemic of influenza. In cases that did not

involve typical mastoid-related symptoms, Beattie11

routinely x-rayed these cases to assist in the diagnosis.

Unexpectedly, he observed the rapid healing of what

he described as ‘‘many’’ cases. This set of observa-

tions led him to investigate 14 additional patients with

discharging ears (i.e. young children of 4–13 months);

these subsequent findings supported the initial unex-

pected curative observations leading to the tentative

conclusion that x-rays may have value in the treatment

of subacute and early chronic types of OM. Beattie11

also cited similar findings of five other contemporary

colleagues. Additional supportive examples were also

provided in the discussion of his article.

Nearly a decade after the initial report of Beattie,11

Granger12–14 summarized the results of extensive

clinical studies with infants and babies with clear

signs of infection and occlusion of the mastoid who

were treated with x-rays. X-Ray treatments improved

clinical symptoms and facilitated a rapid and com-

plete resolution of the condition. He further claimed

that such findings were confirmed by other otologists

(although no references were provided) with the x-ray

treatment.

The patients treated with x-rays generally dis-

played a decrease in temperature, absence of pain and

insomnia, reduction in the amount of discharge, and a

change in the character of the discharge from purulent

to mucopurulent. In the final discussion of his article,

Granger13 concluded by stating that ‘‘after seeing 50–

60 patients with mastoiditis without bone destruction

get well with fractional doses of the x-rays, one can

not feel that this is an accident.’’ A confirmatory

perspective was offered by Granger14 in a subsequent
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publication in Radiology. The research of Gran-

ger12–14 was offered from the perspective of a radiol-

ogist, not an otologist.

A similar supportive assessment was provided by

Schillinger,15 an otologist, who noted that greater than

85% of cases with acute mastoiditis displayed a

marked improvement within 24 h of x-ray treatment.

Of particular interest were his recountings of how he

linked x-ray exposure to the treatment of mastoiditis.

In 1924 (some 8 years prior to the publication of his

article), Schillinger observed beneficial changes in

patients with acute mastoiditis after diagnostic x-ray

examination. Before this time, he obtained only one

plate for each mastoid. From this time onward, two

plates of each side were obtained during x-ray exami-

nations. It was only following this change in diagnostic

procedure that the beneficial clinical results occurred.

Based on these observations, he concluded that the

amount of irradiation required to make one plate of

each mastoid is less than the dosage needed for the

beneficial effect. According to Schillinger,15 a dosage

between that needed for making two plates of each

mastoid up to a 25% skin erythema dose (SED) pro-

vided the apparent optimum therapeutic effect.

Of particular relevance to this article is that Schil-

linger15 suggested that as a prophylactic measure

against mastoid disease that it would be appropriate

to treat patients with acute OM using x-rays with

20–25 rad administered on day 7 of suppuration,

repeated after 2–3 days (total of 3–4 exposures)

following the specific scheme he outlined. He then

made a strong recommendation for radiologists and

otologists to work closely together on such cases.

In 1933, Levin16 also supported the use of x-ray ther-

apy for mastoiditis before it progressed to osteomyelitis

of the mastoid bone. He argued that such treatment

would often prevent the occurrence of mastoidectomy,

which was a serious operation in infancy and childhood

during the early 1930s. To support this conclusion, he

noted a series of 119 cases of acute OM in which 29

developed symptoms suggesting mastoiditis. This

group of 29 received x-ray therapy of 1–3 treatments.

Of the 29 patients, 27 displayed a complete elimination

of symptoms. In contrast to the effects of x-rays on acute

mastoiditis/OM, Levin16 noted that the results with

chronic OM were not as marked. In a series of six cases,

which had persisted for many months, the x-ray treat-

ment was effective in only two cases.

Dowdy et al.17 selected 27 cases of OM (purulent)

treated with tympanostomy/myringotomy alone, 15

cases of OM (purulent) treated with tympanostomy/

myringotomy and low-dose radiation therapy (100 rad

once or twice), and 15 cases of catarrhal OM (without

pus discharge) treated with low-dose radiation ther-

apy alone (100 rad once or twice). Their results

revealed that the average disease duration was low-

ered from 27.2 to 21.2 days in cases of OM (purulent)

treated with myringotomy and low-dose radiation

therapy as compared to the cases of OM (purulent)

treated with myringotomy alone. They also noted a

change in consistency of discharge from being thick

to watery after treatment with low-dose x-rays in

cases with purulent discharge. Such treatment-

related changes favor drainage, providing sympto-

matic relief to the patients. In cases with catarrhal

OM (without pus discharge), Dowdy et al. noted

quick pain relief and no disease progression to a puru-

lent state.

Table 1 provides a listing of quotes of researchers

of the 1920s–1940s that supported the effectiveness

of x-rays in the treatment of OM and mastoiditis.

These observations and the accompanying assessment

of the published literature reveal a strong association

between x-ray administration and the successful treat-

ment of patients with these conditions.

Continuing support for the use of x-ray treatment

for patients with acute OM and/or mastoiditis was

provided by other clinicians.18–22 Table 2 lists the

studies with OM and mastoiditis cases by different

practitioners during 1920s–1940s in which highly

successful outcomes with x-ray treatments were gen-

erally reported. The majority of the studies listed pro-

vide information on the proportion of successful

outcomes as compared to cases where the treatment

was not effective. Of interest was the report of Luci-

nian since it differentiated the lessening of symptoms

over time with x-ray exposure of about 15–20% of the

SED. For example, pain was generally relieved after

the first x-ray treatment. Fever was decreased, gradu-

ally requiring up to about 2 weeks. Following the first

x-ray treatment, the swelling of the ear drum

decreased. Thus, he concluded that early x-ray treat-

ment reduces the course of inflammation and prevents

drum perforation. The x-ray treatment was also shown

to enhance healing of a perforated ear drum. Hearing,

which is normally enhanced in these conditions, is

generally improved within 24–48 h. Other clinical

symptoms, such as tinnitus, extraneous noises, head-

aches, and dizziness, were also relieved. He noted that

x-ray treatment was also effective in chronic OM and

mastoiditis. On several occasions, authors attempted

to generate a type of control group. In general, the
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x-ray treatment was far superior to the response of the

controls regardless of how the controls were selected.20

Lucinian20 advocated (with a few exceptions) the use

of smaller dosage at low voltage with light infiltration

due to superficial localization and high radiosensitivity

of the exudates. According to Lucinian,20 a single 5-

Table 1. Perspectives offered on the clinical efficacy of x-ray treatment of otitis media and mastoiditis by practitioners of
the 1920s–1940s.

Reference Quote

Beattie11 ‘‘While my experience with the x-ray treatment is limited to a few cases, I am thoroughly
convinced that it is of decided value in the treatment of the sub-acute and early chronic
types of otitis media.’’ (p. 451)

Cherniak and Gorodetzky18 ‘‘The technique has been worked out empirically and the physical state of the patient is
always taken into consideration. We find it inexpedient to have a shorter interval than
four days between the first and second application of R. therapy, as too heavy a dose in
cases of acute inflammation is likely to intensify the toxaemia and possibly give rise to
complications of the mastoiditis. Too long an interval, however, is also inexpedient,
because pain is apt to recur on the fourth or fifth day after treatment, although in a
diminished form. After the second application, when clinical symptoms disappear
entirely or partially, it is possible to have a longer interval. All our sixty-two patients
were treated on these lines and the conclusions drawn from them would seem to be:

1. Rapid diminution of pain.
2. Quick disappearance of objective symptoms.
3. Complete absence of any complication in all the cases which have passed through our

hands.
4. Restoration of hearing and healing of the tympanic membrane.
5. Restoration of ability to work in a short period of time and, above all,
6. The possibility of avoiding an operation.’’ (p. 678)

Friedman and Hinkel19 ‘‘1. Acute external otitis is usually a short-lived and self-limited disease. In dealing with this
group roentgen therapy should be reserved for the patients with severe pain or with
diffuse stenosis of the meatal canal, particularly those in whom associated purulent otitis
media is suspected.’’ (p. 757)

Levin16 ‘‘ . . . it is urged that x-ray therapy be given a trial during the early stages of mastoiditis
under careful observation by the otologist and pediatrician. There is no evidence that x-
ray treatment, properly given, has any deleterious effect. The accumulated clinical data
from many sources seem to indicate that the beneficial effect of the x-ray is apparent
after one or two treatments. Those cases in which this type of treatment will be
effective generally show a rapid response, sometimes within twenty-four hours. Such
was usually true in this series of cases.’’ (p. 315)

Lucinian20 ‘‘Fifty cases of otitis media (31 acute, 8 subacute, 11 chronic) were given roentgen therapy
over the ear and mastoid area. The treatment was consistently followed by relief of pain,
increased discharge, improved hearing and amelioration of the systemic manifestations
of the disease. After the treatment none of the acute cases developed mastoiditis or
perforation of the drum, and none of them required tympanotomy. Mastoiditis was
already present when the rays were applied in nine cases, two of which later required
mastoidectomy.’’ (p. 953)

Ross21 ‘‘1. X-ray treatment is applicable in almost all phases of mastoiditis.
2. Results of x-ray treatment of mastoiditis are satisfactory to the patient and the

roentgenologist.’’ (p. 1129)
Schillinger15 ‘‘1. If exposed on two or more occasions, acute mastoiditis, without bone destruction,

frequently resolves under the influence of the roentgen ray.
2. If exposed on two or more occasions, acute mastoiditis, with bone softening and

destruction, may resolve under the influence of the roentgen ray.
3. The roentgen ray exerts an influence upon acute mastoiditis which we have termed a

syndrome of favorable actions. In most cases, this influence is followed by resolution of
the infection, and it is, therefore, considered a therapeutic agent. In some cases, even
though this influence is experienced, operative interference is indicated.’’ (p. 775)
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min dose of radiation, with a total dosage of 71.5 rad,

was sufficient for the treatment of acute OM cases. A

few subacute cases were also treated by a maximum

of three treatments; on the other hand, chronic cases

were administered with three to six treatments.

Historical foundations: deafness and
x-ray/radium treatment

The use of x-rays in the treatment of impaired hearing

was reported in 1923 by Jarvis.27 Although lacking in

details, Jarvis27 suggested that small doses of x-rays

were useful in the treatment of ear infections and their

symptoms in children and adults. He reported maxi-

mum response by the use of x-rays in the age group

25–50 years presenting with constant throat symp-

toms (catarrhal discharge) and frequent stuffiness of

ears. This perspective was extended in 1926 by

Smyth28 who treated 100 cases of deafness with

x-rays. These cases displayed redundant lymphoid tis-

sue in the nasopharynx, near the opening of the Eusta-

chian tube. The cases received 6 treatments, once

every 10 days. The treatments were seen as generally

successful. The first indication that radium could also

be employed in the treatment of certain cases of deaf-

ness was noted by Stevenson and Wilson29 in a pilot

study with only eight patients.

Despite these independent advances in the treat-

ment of hearing impairment with different forms of

ionizing radiation, this area of radiotherapy was espe-

cially propelled forward by the work of Samuel J

Crowe at the Johns Hopkins University with a ground-

breaking publication in 1939. Crowe and Baylor30

summarized 15 years of research on the causes and treat-

ment of deafness involving about 15,000 patients. An

area of research interest was the impairment of the hear-

ing of high tones in children and adults. While it was

generally accepted that high-tone hearing impairment

was the result of nerve damage, Crowe and Baylor30

proposed that there were some patients for whom this

explanation was not satisfactory. There were children

who regained their high-tone hearing following the

removal of enlarged tonsils and adenoids. While this

observation would rule out nerve damage explanation

in such children, there were other children who did not

show improved hearing after the operation. In at least

some of these children, the authors observed that they

had one important feature in common. That feature was

the presence of excessive lymphoid tissue near the

Eustachian tube.

According to Crowe and Baylor,30 this lymphoid

tissue growth may partially obstruct the Eustachian

tube, leading to increased mucus production, causing

tissue irritation, leading to diminished hearing capac-

ity at the high tones. They also proposed that this

effect may likely become progressive over time

affecting lower octaves.

The problem with the excessive lymphoid tissue is

its location. It was not possible to surgically remove it

without adversely affecting the tubes. The authors

recalled the earlier report of Heineke31 that lymphoid

tissue is much more susceptible than adjacent tissues

to ionizing radiation. Such differential tissue suscept-

ibility to ionizing irradiation suggested that it may be

Table 2. Number and/or proportion of cases of otitis media and/or mastoiditis reported during 1920–1940 successfully
treated with x-rays.

Reference Number/proportion of successful outcomes

Beattie11 9/9 (5 others did not complete the course of treatment)
Cherniak and Gorodetzky18 60/62
Dempster (cited in Beattie)11 15/15
Di Donato23(cited in Lucinian20) 75 (Could not determine the success rate)
Friedman and Hinkel19 85/100 (Acute conditions were more successfully treated than chronic

conditions)
Grande24(cited in Lucinian20) 33/35
Granger12–14 50–60 (Could not determine the success rate)
Levin16 27/29
Lucinian20 50/50
McLaurin22 26/28
Raynal25(cited in Lucinian20) 11 (Could not determine the success rate)
Ross21 41/41 (Not clearly written, appears fully successful)
Schillinger15 30/38
Szasz26 (cited in Lucinian20) 11 (Could not determine the success rate)
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effective in destroying the excess lymphoid tissue

while not affecting the surrounding tissue. Their goal

was to marginally reduce the size of the lymphoid tis-

sue while also at least temporarily inhibiting its

growth. With this general concept, Crowe and Bay-

lor30 developed treatment methods for the use of

either x-rays or g-radiation, which were refined over

time. Based on extensive clinical experience, they

concluded that the most efficient treatment of hearing

impairment due to excessive lymphoid tissue is irra-

diation with radium or x-rays. So striking were the

findings of this clinical research that they claimed

there was the potential to reduce the number of deaf

adults in the next generation by 50%. The findings

of Crowe and Baylor30 lead to a spate of research

on the effects of ionizing radiation on childhood and

adult hearing loss; mild tubal disturbance, particularly

in children, yielded very successful treatment out-

comes, restoring hearing with no demonstrable

adverse side effects.32–43

Of particular historical note was the application of

Crowe’s treatment for the control of aero-otitis in Air

Force personnel as many pilots were reported to have

some hearing loss. This was probably affected by the

fact that following adenoidectomy approximately

75% of patients display lymphoid tissue regrowth.

Approximately 40% of patients later develop some loss

of hearing. In order to prevent/relieve hearing loss,

most pilots (approximately 25,000) were treated,

through 1968.44 While publications on the use of radia-

tion to treat lymphoid tissue related hearing loss were

markedly reduced by the 1960s, Loeb45 suggested that

it might still be a useful treatment option in the case of

‘‘persistent recalcitrant serious otitis with hearing

loss.’’ Even though alternative medical developments

had outcompeted the use of radiotherapy for lymphoid

tissue-related hearing loss due to antibiotics and surgi-

cal advances, he noted that there still remain patients

with recurrent serious otitis and others whose recon-

structed middle ear surgeries had yielded poor out-

comes due to Eustachian tube obstruction and some

children who need repeated insertions of ventilator

tubes. In these cases, he suggested that there may still

be a role for radiotherapy especially with the capacity

for excellent outcomes and low risk of adverse effects.

A 30-year follow-up of 28 patients by Loeb45 on the

placement of a radium applicator in the posterior

nasopharynx to open the obstructed Eustachian tube

revealed that 24 patients had a good response with two

having a fair response with no secondary malignancies.

Similarly, Hardy and Bordley46 reported smaller

adenoid tissues and improved hearing after 5 years of

follow-up in a randomized trial of patients with chronic

SOM who were treated with radium implants.

Numerous questions were raised about the tech-

nique of application, the optimal dose, and how the

treatment may vary by age and between similarly

aged individuals. There were also debates on whether

the radiation dose should be administered once or be

fractionated and the pattern of the fractionated doses.

There also emerged concern over whether there might

be possible long-term effects related to the exposure

to the ionizing radiation. This was especially the case

for physicians and their assistants who were handling

the radium on a daily basis while treating many

patients. Further concerns were raised with respect

to the long-term effects on patients, with particular

concern for brain and thyroid. Table 3 summarizes the

long-term studies conducted on patients irradiated

with nasopharyngeal radium to treat ear dysfunctions.

Such studies did not detect a definitive link between

nasopharyngeal irradiation and any disease, including

cancer, suggesting the capacity to estimate an upper

bound risk for such procedures.

Historical foundations: cervical adenitis

In the absence of effective alternative treatments,

Williams from Boston and Pusey of Chicago in 1902

were the first clinical researchers in the United States

to use x-rays in the treatment of cervical adenitis. A

year later, George E Pfahler,55 the first Professor of

Radiology at the University of Pennsylvania Medical

School, USA, reported on 10 cases.56 Table 4 lists

quotes by practitioners of the 1920s–1940s on the clin-

ical efficacy of x-ray treatment of cervical lymphadeni-

tis. According to Pfahler and Kapo,56 there was much

uncertainty with the use of the x-ray exposure tech-

nique and in the type of dosing. During the first two

decades, they noted that many patients were adminis-

tered 30–40 fractionated x-ray doses, with each being

about 10% of an SED. These doses would usually be

spread over 1–2 years. However, over time the number

of doses was reduced by about 80%, while the efficacy

of the treatment markedly improved.

A major treatment breakthrough came from Hei-

denhain and Fried,59 Heidenhain,60 and Fried,61 who

reported treating more than 1500 patients for a broad

range of acute inflammatory conditions, including

acute lymphadenitis. They initially treated acute cer-

vical lymphadenitis patients with a 20% SED. They

found that reducing this dose by about 50% resulted
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in a noticeable improvement in efficacy and in consis-

tency of response. They emphasized that treatment at

higher doses, especially in the 20–50% SED range

tended to aggravate the inflammatory response and

reduce the occurrence of a successful clinical out-

come.9,58 The clinical success of the x-ray treatment

was consistently reported being in the 75–90% range

across all investigations over a 16-year period. Table

5 compiles the SED reported in the treatment of cer-

vical lymphadenitis. The successful treatment would

require usually one or two x-ray treatments, with the

patient typically displaying a marked temperature

drop within 12–48 h, along with a marked relief of

pain and discomfort, reduced swelling, and a quick

resolution of the medical condition.9,10 Table 6 lists

the number of cervical lymphadenitis cases reported

by different practitioners during 1920s–1940s.

The success of the x-ray treatment for cervical lym-

phadenitis also seems to be, at least in part, dependent

on how soon after the onset of the condition the treat-

ment is provided. In general, when the treatment was

given within the first 3–5 days, the symptoms tended

to resolve more quickly than if applied later.

Levy66 was impressed with the x-ray treatment of

lymphadenitis in children below 4–5 years. He indicated

that the benefits are often permanent. Following the

x-ray treatment, children typically experienced fewer

colds and the sinus rarely gets infected. In the case of

older children, Crowe and Baylor30 stated that x-ray

treatment early in the course of the disease was critical

to assure a normal functioning of the auditory tubes and

doing so can profoundly reduce the occurrence of

hearing impaired adults. Table 6 presents the treatment

efficacy of cervical lymphadenitis cases reported during

1920–1940.

Discussion

The present article provides documentation that x-ray

treatment of OM, mastoiditis, deafness, and cervical

adenitis was widely accepted in the early half of the

20th century (Tables 1 and 3). The treatments were usu-

ally fractionated with x-ray doses of 75–200 rad depend-

ing upon the clinical condition (Table 5). For acute OM,

a single treatment of approximately 70 rad (15–20%
SED) was sufficient and showed marked improvement

in symptoms for nearly 85% of patients, while patients

displaying more chronic symptoms required three to six

treatments as in the case of mastoiditis (25% SED).

Similarly, six treatments (once every 10 days) were

Table 3. Studies comparing the long-term effects of nasopharyngeal irradiation.

Study

Exposed group with
nasopharyngeal radium

irradiation
Unexposed

group Findings

Hazen et al.47 417 2746 No significantly increased cancer risk in the exposed group
Kang et al.48 1214 3176 No significantly increased cancer risk in the exposed group
Ronckers et al.49 5358 5265 No significantly increased head and neck and brain cancer risk

in the exposed group but a marginally statistically significant
increase in death from non-Hodgkin lymphoma

Ronckers et al.50 3440 3088 No increased risk of thyroid disorders or benign head and
neck tumors, including pituitary adenomas and salivary
gland tumors. Marginally statistically significant increased
risk of basal cell carcinoma of the skin of the head and
neck area.

Ronckers et al.51 4339 4109 No increased risk of cancer in general, nor of tumors of the
head and neck. Statistically nonsignificant excess risk of
thyroid cancer.

Sandler et al.52

and Sandler53
904 2021 No increased overall cancer risk, slight excess risk of tumors

of the head and neck among irradiated individuals, slight
excess of brain cancer occurred 15–20 years after radium
treatment. No increase in thyroid cancer riskwas observed

Yeh et al.54 904 2021 Statistically nonsignificant increased risk of developing brain
cancer in the exposed group. Statistically nonsignificant
excess risk of thyroid cancer. Statistically nonsignificant
decreased risk for cancers of the breast, endometrium,
ovary, and prostate in the exposed group.
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given for deafness cases with redundant lymphoid tis-

sues near the nasopharynx. Cervical adenitis cases

required 10% SED with one to two treatments and had

a success rate of 75–90%, depending upon how quickly

the treatment was initiated, with treatment initiation

during the first 3–5 days having the best outcomes.

Reduction in pain and improvement in hearing

were the most striking clinical benefits of the x-ray

treatment across all conditions occurring within

24–48 h of exposure (Tables 1 and 3). Other clinical

benefits included reduction/elimination of ear dis-

charge, healing of the perforated drum, and reduction

in lymphoid tissue blocking the Eustachian tubes and

thus unwarranted surgeries.

The majority of the research methods used to study

the effect of x-rays on OM, mastoiditis, deafness, and

cervical lymphadenitis were case studies with quasi

controls being used by only some of the investigators for

comparison purposes. The comparisons were made with

the use of antibiotics and surgical procedures.

Table 4. Perspectives offered on the clinical efficacy of x-ray treatment of cervical lymphadenitis by practitioners of the
1920s–1940s.

References Quotes

Hurwitz and Zuckerman10 ‘‘Rapid subjective improvement and accelerated termination are striking features of
roentgen therapy. Radiation is most beneficial in the early stage of inflammation where
absorption is the usual final result. If suppuration is already present before treatment is
started, necrosis is hastened and early centralization of the infection results. Surgical
intervention is minimized and the cosmetic effect greatly enhanced.’’ (p. 780)

Levin16 ‘‘X-ray therapy in these cases has been amply demonstrated to shorten the duration of the
inflammatory process either by accelerating resolution in most cases, or as occurs in a
few instances, by hastening suppuration. The result in the majority of cases has been a
rapid subsidence of pain, temperature and swelling, following each exposure to the
x-rays.’’ (p. 313)

‘‘I have advised x-ray therapy in twenty-one cases of severe, acute lymphadenitis. The
beneficial results have been most striking.’’ (p. 313)

Pfahler and Kapo56 ‘‘We are convinced, and our surgical colleagues are also convinced, of the superior value of
roentgen irradiation in the treatment of cervical adenitis.’’ (p. 299)

Rathbone57 ‘‘If both the focal infection and the retropharyngeal swelling, usually an adenitis in the early
stages, are treated promptly with roentgen therapy, a retropharyngeal abscess rarely
develops.’’ (p. 29)

Rosenberg58 ‘‘Lawson1, in discussing this subject, emphasized the fact that too much attention was paid
to malignant and allied conditions, to the utter neglect of some phases of radiology
which would yield more satisfactory results. Much of the lack of enthusiasm for x-ray
therapy at the present time is due to the poor results obtained when it was still in its
infancy. The reasons for the early failures are obvious. At that time, the nature and the
danger of handling x-rays were not known. Instruments were lacking for the accurate
measurement of dosage, which today is considered highly important in the proper
treatment of acutely inflamed tissue. Furthermore, results were not expected with the
small doses that are now given. Experience taught that large doses aggravated acute
infections; consequently, the conclusion was drawn that roentgenization was contra-
indicated in acute inflammatory conditions. Holzknecht,2 in a consideration of the
subject, predicted a radical change in the therapy of acute and subacute coccus
inflammations through the introduction of roentgen therapy.’’ (p. 529)

‘‘Twelve patients developed suppuration, in the remaining sixty-eight patients (85 per
cent), the inflammation subsided completely without surgical intervention. This result is
better than that reported by most authors, probably due to the fact in most of the cases
irradiation was performed early.’’ (p. 532)

Schenck9 ‘‘The roentgen rays act by shortening the stage of the acute inflammation in the lymph
nodes, resulting in rapid resolution of the pathologic process. Whether the rays have a
direct bactericidal action is still unsettled.’’

‘‘Roentgen therapy is the treatment of choice for acute cervical adenitis, and should be so
recognized. When administered under proper supervision, it has demonstrated its value
in the management of this protracted and annoying malady.’’ (p. 1486)
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A mechanistic understanding of how x-rays facilitated

the healing process in the cases of OM and mastoiditis

was not known in the early decades of the 20th century.

Recent findings have emerged, which may offer insight

into this matter. In general, low doses of x-rays have been

shown to affect the development of a highly integrated

anti-inflammatory phenotype mediated by decreases in

nitric oxide/inducible nitric oxide synthase, decreases

in reactive oxygen species, increases in heme oxyge-

nase, suppression of tumor necrosis factor-a (TNF-a),

increases in TNF-b, activation of several transcription

factors such as nuclear factor-kB and activator protein

1(AP-1) API, as well as decreased adhesion of leuko-

cytes and polymorphonuclear leukocytes to endothelial

cells.1,67,68 This anti-inflammatory phenotype is a con-

sistent feature when low doses of ionizing radiation are

administered to tissues with substantial inflammation.

Mechanistic studies with mul-tiple animal and cell mod-

els have confirmed the consistency of these observa-

tions accounting for the protective effects of low-dose

ionizing radiation in animal models with various types

of inflammatory disease such as arthritis.67,68 Further

research will be necessary to clarify how the x-ray

induced anti-inflammatory phenotype would affect the

course of OM, mastoiditis, and cervical adenitis

infection.

Despite the effectiveness of x-rays in terms of pain

reduction and improved healing time, medical devel-

opments including better antibiotics and advances in

surgical techniques during the latter half of the 20th

century outcompeted the use of x-rays for the treat-

ment of OM, mastoiditis, and lymphoid tissue-

related hearing loss. Even though x-rays are currently

not used for treatment of these conditions, it is still

widely used for diagnostic purposes. The fact that

x-rays are still being used in countries like Germany

for pain reduction in numerous conditions5 and that

x-rays can accelerate healing processes via the devel-

opment of an anti-inflammatory phenotype69 suggest

a possible discussion of the use of x-rays not just for

Table 6. Treatment efficacy of cervical lymphadenitis cases reported by various practitioners during 1920–1940.

Reference Total treated
Cured/markedly
improved (%) Not improved

Chamberlain63 31 21 (67.7%) 10
Heidenhain and Fried59;

Heidenhain60
67 53 (79.1%) 14

Hurwitz and Zuckerman10 83 (62 Children; 21 hospital
patients)

52/62 (83.8%) and 17/21
(80.9%)

9 (Children) and 4 (hospital
patients)

Levin16 21 18 (85.7%) 3
May62 73 64 (87.6%) 9
Pfahler and Kapo56 159 152 (89.9%) 7
Rathbone57 17 14 (82.3%) 3
Rosenberg58 80 60 (75.0%) 12
Schenck9 105 90 (85.7%) 15
Uhlmann et al.64 243 180 (74.1%) 63
Wilcox65 9 7 (77%) 2

Table 5. SEDs reported in the treatment of cervical lymphadenitis.

Reference SED

Hurwitz and Zuckerman10 10–20% of SED (80 rad, repeated several times if needed)
May62 20% of SED—average dose (130–260 rad—dose range)
Pfahler and Kapo56 1. Patients treated prior to 1922, 30–40 fractioned doses, each equivalent to 10% SED

over 15–20 months.
2. After 1922, the number of treatments decreased markedly—four treatments of 50%

SED (150 rad per treatment)
Rathbone57 10–20% SED (75–100 rad depending on age, repeated at least twice)
Rosenberg58 10–20% of SED (260 r)
Schenck9 First 21 patients—50% SED; remaining 84 patients—25% SED (125–140 rad)

SED: skin erythema dose.
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diagnostic purposes, but therapeutically, especially in

this era of antibiotic-resistant disease-causing micro-

bial strains.
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68. Rödel F, Keilholz L, Herrmann M, Sauer R and

Hildebrandt G. Radiobiological mechanisms in inflam-

matory disease of low-dose radiation therapy. Int J Rad

Biol 2007; 83: 357–366.

69. Sanders CL. Potential treatment of inflammatory

and proliferative diseases by ultra-low doses of

ionizing radiations. Dose Response 2012; 10:

610–625.

Calabrese EJ and Dhawan G 553



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


