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Five Cases of Rib Fractures Following Postoperative
Roentgen Treatment of the Breast Cancer

By

Akira KIKUCHI
Koaichi YAMAGUCHI, Hisao SHIDA, Teruhiko SHINOHARA,
Kazuo UEMURA, Yasuo TOYOKAWA
and Takeshi HATAYAMA,
Department of Radiology, Faculty of Medicine,
Tohoku University, Sendai, Japan
(Director: Prof. Yoshihikeo KOGA)

The effect of roentgen rays and radium on the bone has been well known. In the
field of treatment for malignant tumors, the femoral neck fracture following irradiation
of the pelvic tumor as well as the radionecrosis of the mandible following irradiation of
the intraoral carcinoma has been noticed as serious complications of the radiation therapy.

In spite of the widespread use of roentgen rays in the treatment of carcinoma of the
breast, the damage to the rib and clavicle has been reported rather rarely9—%) and has
been considered to have a low incidencel®)92D),

In the literature of the world we could find detailed reports of 81 such cases and they
are presented in Table 14—2024),

During these four years form 1959 to 1962, 56 cases of breast cancer were treated in
our clinic postoperatively with roentgen rays and were followed up with serial roentgen
examination of the chest over a period of more than six months after the completion of
irradiadiation. Five cases of them, we could find, with a fracture or fractures of the rib
(a incidence of 8.9 per cent)?®). Roentgen treatments which we used were not serial irradi-
ation as ever seen in many reports. A brief outline of the method was as follows. First,
patients received ten exposures each over two fields directly: the clavicular and axillary
regions with field size of 10x10 or 8cm.. Then the anterior chest wall including the
parasternal lymphnodes was irradiated tangentially with the angle of about thirty degree,
eight sometimes ten exposures each from medial and lateral portals. A conventional deep
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Table 2 : Five Cases of Rib Fracture following Roentgentherapy for Breast Cancer

Case 1. E. H. 2. K. I. 3. H. K. 4. T. W. 5.Y.0D.
Age 47 42 45 55 45

Rib fractured 3rd 4 th 2 nd 2 nd 3rd 2 nd | 3rd
Duration of Treatment
Period Contributed to 23d. 23d. 11d. 99 d. 18d. 23d. 23d.
Fracture

diation Fi ib- o : . icul: . . y

Lréili 13)t10R?bF£‘§itﬁzgtrl Axillary| Axillary| Calvicular il::i‘f]_l;ryar & Axillary | Clavicular |Axillary
Tissue Dose at Rib Fract- | g 150 11 5 850 «| 3,450 r 5,250 r | 3,150 r | 3,500 r |3,150 r
Time from End of Trea- more than
tment to Fracture 10m. |ly.8m. Gl 4 m. 1y. 6 m. 4.5m
Time from Appearance of o
Fracture to Callus Forma-| 4m. [.oooeeenn. i € No No 8 m. 6 m.
tion 7m.
Time from Appearance of ! ;
Fracture to last Observa- 11m. 0 lE'Sé’ r;h‘m 10m. 2m. 8 m. 8m.
tion L
Healing of Fracture Yes [ Yes No Yes Yes
Esé?;?iggnjiﬁz?‘:;ﬁ?uﬁ Skm|Severe Severe Mild Moderate Moderate Mild Mild
Radiation Reaction in Lung No No Mild Moderate Mild
Metastasis or Recurrence Yes Yes No No. No

‘é40 ‘a1 ‘82 ‘63
Ss78PONMRI 2343567 8910NM 2123458789 0NI]

!INM [I Sxt.ll ’GD [%-k

10 m————" g m—" olme /

Casel N H .Wxx ﬂ
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. K . % x X o
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ety Im)— g (T
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Clav, Axi. 27 2Fr 2Fr
AR 2w “ vib
4 Tw oo T o x *
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e m— g —
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:EE 3t 3Fr 3-call
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Fig. 1. Summary of clinical cource
 ; surgical operation, ; X roentgen examination, [§; prophylactic irradiation, ; §j irradiation
contributed directly to occurrence of each fracture, | | ; radiation treatment for metastasis or
recurrence, Axi.; irradiation to axillar region, Clav.; irradiation to clavicular region, 3-Fr; third
rib fracture, 2-?; suspicious rib injury of second rib, 3-Call; callus formation of third rib, Pn;
radiation pneumonitis, Pn(—); disappearance of it, Fib; radiation fibrosis.

X-ray therapy was used for all fields: 180kV, filter 0.7 mm. Cu+0.5 mm. Al, H.V.L. in
Cu=1.11mm., F.S.D. 40cm. and the single dose in air 300 r each day. Short summaries
of these 5 cases are listed below and shown in Table 2. and Figure 1.

Case Reports

Case 1. K. Honda, female, 2-1-1914
A radical mastectomy was performed on October 13, 1960, for a carcinoma of the

— 18 —
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right breast. Histologically it was confirmed to be scirrhus. The patient admitted to our
clinic on November 7, 1960, for postoperative irradiation. The following radiation treat-
ment was given :

from 11-8-1960 to 11-30-1960 clavicular region with total skin dose of 4,080 r,

from 11-9-1960 to 12-1-1960 axillar region with total skin dose of 4,080 r,

from 12-2-1960 to 12-19-1960 chest wall with total skin dose of about 3,100 r.

The controll examination on 1-20-1961 and 3-6-1961 did not show the recurrence or
metastasis.

The third controll examination on 6-8-1961 discovered a lymphnode-swelling in the
right supraclavicular region, then from June & to June 28 she was given treatment with
roentgen irradiation, receiving 6,700 r of the skin dose.

The fourth controll examination on 10-13-1961 presented a radiation skin ulcer of
about 2x3cm. at the supraclavicular region accompanied with pigmentation, depigment-
ation and sclerosis of the skin. Moreover by roentgen examination a fracture in the
anterolateral segment of the third rib was found but the site of this fracture did not
seemed to be included into the last supraclavicular field (Fig. 2-A and D).

Then the following irradiation was performed for metastasis of various tissues and
sites :

form 11-29-1961 to 12-11-1961 left axillar region with total skin dose of 4,500 r by use
of conventional rcentgen rays,

from 4-26-1962 to 5-17-1962 left clavicular region with total air dose of 5,100 r by
telecobalt gamma rays,

from 6-7-1962 to 6-18-1962 and from 8-8-1962 to 8-24-1962 the skin metastasis of fthe
right chest wall with the total air dose of each 2,500 r and 3,500 r by low voltage near
distance tube.

The roentgen finding on February 3 1962, showed the healing with callus formation
at the site of the third rib fracture (Fig. 2-B).

Then on August 27,1962, new fracture occured at the site of the anterolateral segment
of the fourth rib (Fig. 2-¢c) while this was not seen on the last examination on May
18, 1962.

The lung changes following irradiation were not observed during all over the time
followed up and symptom based on the fractures was not recognized.

Case 2. K. Imamura, femal, 12-26-1918.

A simple mastectomy was performed for right mastopathia on 6-8-1960, later a gro-
wing tumor was visible in the operated region, then on 6-1-1961 tumorextirpation was
done and confirmed to be duct cell carcinoma histologically.

The patients admitted in our clinic on 6-19-1961 for postoperative radiotherapy and
received following treatment :

from 6-20-1961 to 6-30-1961 clavicular region with the total skin dose of 4,080 r,

from 7-1-1961 to 7-14-1961 axillar region with the total skin dose of 4,020 r,

from 7-17-1961 to 8-7-1961 chest wall with the total dose of 3,900 r.

— 19 —
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Fig. 2-B Fig. 2-C

Fig. -3A Fig. 3-B
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Fig. 7

Fig. 2. K.H. (Case 1)

A, October 13, 1661. Fracture of third rib discovered with separation of fragments ten months
after radiation treatment.

B, February 3, 1662. Fracture healed already by callus formation.

C, August, 27, 1962, New fracture of fourth rib found twenty months after radiation treatment.

D, March 30, 1962. Sever radiation skin change with ulcer almost healing by ointment treatm-
ent. The skin dose delivered was 9,580 r during a period of eight nonths. But the rib fractures did
not site under this sever changed skin, while the underlying ribs or clavicle showed no remark.
able changes.

Fig. 3. K.I. (Case 2)

A, May 7, 1962. Appearance of right upper field of chest nine months after completion of rad-
iotherapy. An irregular short transverse fissure in upper margin of the second rib, suspecting
early rib injury.

B, December 19, 1962. Callus formation 16 months after completion of radiotherapy and 7
months after discovery of suspicious rib injury.

Fig. 4. H.K. (Case 3)

A, February 6, 1962, Appearance of right upper field of chest three months after completion
of clavicular and axillary irradiation, showing slight pulmonary reaction in upper lung field and
bone sclerosis in part of anterior segment of the second rib.

B, March 12, 1962. Fracture of the second rib discoveraed without bone absorption four months
after completion of radiotherapy.

C, November 15, 1662. Unhealed Fracture with loss of bone substance and similar lesion prese-
nted in third rib one year after radiation treatment.,

D, January 15, 1862, Moderate skin change induced by roentgen treatment showing pigmentati-
on, depigmentation and teleangiectasis. Under the line conbined with above and below arrows, it
was confirmed, the second rib fracture would be located.

Fig. 5. T.W. (Case 4)

December 18, 1962. Consolidation by luxurious callus formation of the second rib, 13 months
after completion of radiotherapy and 8 months after discovery of rib fracture. Pulmonary
changes absorbing fairly well became more fibrous in upper lung field.

Fig. 6. Y.O. (Case 5)

A, May 7, 1962. Appearance of right upper field of chest nine months after completion of radi-
otherapy. An irregular short transverse fissure in upper margin of the second rib, suspecting

— 22
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early rib injury.

B, December 14, 1962. Consolidation by luxurious callus formation 12 months after completion
of roentgen treatment and 8 months after discovery of rib fracture. Pulmonary reactions appez-
red in upper luug field 3 months after completion of radiotherapy had not been visible absolutely
on July 19, 1962,

Fig. 7.

Location of the seven rib fractures overlapping in a roentgenogram of the right chest.

The controll examinations on November 15, 1961, and February 22, 1962, showed no
evidence of metastasis on recurrence.

On March and May 1962 she had sharp pains on the right anterior chest wall.

A roentgenogram of the chest taked on May 7, 1962 manifesied the lack of continuity
at the upper margin of the second rib without a fracture line being visible, which was
suspected to be a radiation damage of the rib (Fig. 3-A). Already after 7 months from
this time, callus formation was observed at the same site.

On November 1962, she noticed a small skin fumor of the right chest wall and it is
being treated by low voltage near distance tube since December 1962. On December
19,1962 there was no change in the findings of the rib as reported one month ago (Fig. 3-B).

If a perfect fracture of the second rib occured, it would be observed during from third
to fourth examination. The patient showed no lung change and moderate skin reaction
following irradiation for breast cancer.

Case 3. H. Kumagai, femal, 1-1-1916

A radical mastectomy was perfomed for carcinoma of the right breast on 7-26-1961,
and histological finding was scirrhus. Then she received following treatment with roentgen
rays ambulatory :

from 8-8-1961 to 8-18-1961 clavicular region with the total skin dose of 4,030 1,

form 10-27-1961 to 11-13-1961 axillar region witl_l the total skin dose of 4,020 r,

from 1-16-1962 to 2-6-1962 chest wall with the total skin dose of 3,100r.

The roentgenogram of the chest taked on 2-6-1962 showed the finding of radiation
pneumonitis in the right upper field and bone sclerosis in length of about 3cm. and slight
narrowing in width at the site of anierolateral segment of the second rib (Fig. 4-A).
These bone findings may be a sort of a early roentgenographic evidence for radiation in-
juries of the bone.

The controll examination on 3-12-1962 showed the progressive change of the intrapul-
monary involvement and clear fracture with a light dislocation at the above mentioned
site. The location of this fracture situated under the line of the chest wall where over-
lapping of clavicular and axillar fields might presumably occur, so the dose delivered was
greater than the others (Fig.4-B and D).

The lung shadow was absorbed gradually, while the lesion of the second rib showed a
tendency to becom stationary after an interval of months and healing did not occur within
10 months after the fracture was first noticed. Furthermore the roentgen examination
of the chest on 11-15-1962 discovered a new fracture at the site of the anterolateral

— 23 —
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segment of the third rib (Fig.4-C). The patient has now moderate skin changes with
teleangiectasis and thickening of the skin, but no skin ulcer (Fig. 4-D).

Case 4. T. Wakayama, fernale 1-24-1906.

The patient had left exsudative pleuritis and has been nodular goiter. A radical ma-
stectomy was treated for carcinoma of the right breast on 9-4-1961, histological examina-
tion revealed infiltrative mucinous carcinoma.

A standard chest film when she first came in our clinic on September 18 showed irre-
gular pleural carcifications in the left hemithorax and shift of the trachea to left side. In
both apices several fibrotic and nodular densities that were of long standing were noted.

The postoperative roentgen irradiation for right breast cancer were as follows :

from 9-29-1961 to 10-21-1961 clavicular region with the total skin dose of 4,080 r,

from 9-30-1961 to 10-23-1961 axillar region with the total skin dose of 4,020 r,

from 10-24-1961 to 11-11-1961 chest wall with the tatol skin dose of 3,100 r.

The first controll examination on December 11, 1961, did not present recurrence, me-
tastasis and other pathologic findings.

The second controll examination on February 27, 1961 revealed a diffus haziness with
soft patchy, ill-defined densities over upper pulmonary field while she had not cough
and was afebrile. This finding was suspected to be radiation pneumonitis.

On April 14, 1962, a chest film revealed a fairly absorption of the intrapulmonary
shadows and a bone fraciure at the anterior segment of the second rib.

The chest roentgenogram on July 5, 1962, reveald almost the same findings as reported
on April 14.

On December 18, 1962, radiation fibrosis was established and union by callus formation
was seen at the site of the rib fracture (Fig.5).

Case 5. Y. Oikawa, female, 11-11-1916.

A radical mastectomy for carcinoma of the left breast and a simple mastestomy for
mastopathia of the right breast were performed on October 27,1961. Histologic examination
confirmed left scchirous carcinoma and right cystadenoma.

A postoperative prophylactic irradiation for only left side was as followr :

from 11-13-1961 to 12-5-1961 clavicular region with the total skin dose of 4,080 r,

from 11-14-1961 to 12-6-1961 axillar region with the total skin dose of 4,020 r,

from 12-7-1961 to 12-25-1961 chest wall with the total skin dose of 3,120 r.

On March 20, 1962, there were irregular and increased densiiies in the upper pulmo-
nary field and a lack of continuity at the upper margin in the site of anterolateral segment
of the third rib as reported in case 3(Fig. 6-A).

On April 20, 1962, the roentgen findings revealed fairly absortion of the intrapulmonary
shadows and confirmed the third rib fracture at the above mentioned site.

On July 19, 1962, pathologic intrapulmonary densities, which seemed to be radiation
pneumonitis, absolutely disappeared but union was not demonstrated yet.

On October 24, 1962, there was evidence of a rallus formation at the site of third rib
fracture. Thereafter a tendency of healing with thickening of callus was recognized.

— 24 —
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(Fig. 6-B) Till now in another ribs and clavicle could not be detected any radiation
injuries.
Summary and Conclusions

We could find five patients of 56 who were treated postoperatively with roemtgen rays
for carcinoma of the breast and subsequently developed fractures of the rib.

Periods from completion of treatment to discovery of the lesions were 4 to 20 months.
The latent periods were shorter than that were reported by many authors. The location
of the rib fractures were limited in 2nd, 3rd and 4th ribs and at the anterior or antero-
lateral segments. They were not seen in the ribs included in the tangential field (Fig. 7).
The tissue dose at the site of fracture, excepted a case, ranged from 2,800 r to 3,500 r.
Individual biological factors besides the dose delivered seemed to have contributed to the de-
velopment of the rib fracture. In 4 of 5 fracture, which were followed up during a period
of more than eight months, complete union by luxurious callus formation appeared in 4
to 8 months after the discovery of the fracture.

We could not find any correlation between the dose delivered to the rib and the du-
ration of the latent period as well as the healing speed of the fractures.

Moreover we could observe thai each radiation change which was recognized clinically
in the skin, the lung and the bone disagreed concerned with the grade of severities from

patient to patient.
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