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Narrow bands of diminished density, which re-
semble fracture lines and often appear sym-
metrically and last for months to years, have been
described in the skeletons of individuals with a
variety of diseases. The purpose of this paper is
to offer a rational explanation for the bizarre loca-
tions of these pseudofractures as they occur in
osteomalacia and to focus attention upon a pos-
sible mechanism for their occurrence.

The numerous descriptions of this phenomenon
and the speculations as to its causes have been re-
viewed by Camp and McCullough (1). It has
been described as a radiological syndrome by Milk-
man (2, 3). Histologically, such lesions in cases
of rickets and osteomalacia were found by Looser
(4, 5) to consist of infractions of the bones with
subsequent laying down of non-calcified callus.
Since they are not true fractures with complete sep-
aration of bone continuity, he called them um-
bauzonen, zones of alteration. H-e concluded
that mechanical tension on softened bone, such
as that due to muscle strain, perhaps caused small
breaks in the cortex with gradual infractions
through the rest of the bone, thus producing the
long-lasting, symmetrical lines of diminished den-
sity resembling fracture lines. Callus about true
fractures remains uncalcified for a long time in
cases of osteomalacia, and Looser felt that it was
not strange for these umbauzonen to persist for
a considerable time after their first appearance.

Albright and coworkers (6) have reviewed the
cases in which pseudofractures have been found.
They state that the narrow decalcified bands which
occur in otherwise normal-appearing bone, and
which tend to be symmetrical and remain station-
ary for months to years, occur only in osteomalacia
or rickets. They point out that the underlying
bone disturbance in the variety of conditions where

1 Present address: Argonne National Laboratory, Chi-
cago, Illinois.

these bands of diminished density have been noted,
i.e., rickets, late rickets, celiac disease, chronic
idiopathic steatorrhea, sprue, and severe acidosis,
is really osteomalacia. The lesions are common
in advanced cases of hunger osteopathy. Some-
what similar bands occur in Paget's disease, con-
genital syphilis, marble bones, osteogenesis im-
perfecta and hyperparathyroidism, but in these
conditions the lesions are rarely symmetrical and
occur through areas of definite bone abnormality
as seen by X-ray. "March fractures" appear in
otherwise normal bones but are rarely symmetri-
cal and readily unite and become calcified. As for
the mechanism of production of pseudofractures,

FIG. 1. SCAPULA SHOWINGPSEUDOFRACTURE

521



52. LE MAY AND J. W. BLUNT, JR..

Albright and coworkers refer to the work of
Looser (4).

During the past year on the Radiological service
of the Presbyterian Hospital, we have seen four
patients with these narrow bands of lessened
density. They all showed blood findings consistent
with osteomialacia, i.e., normal calcium, low phos-
phorus and elevated alkaline phosphatase. One
Nvas a case of long-standing osteomalacia of un-
determined origin; the other three showed the
syndrome, described by Albright and coworkers
(6), of renal acidosis without nitrogen retention.
Pseudofractures occurred in similar locations in
the bones of these four individuals. As in the
published cases, the most common sites for these
lesions were in the axillary border of the scapula
(Figure 1), the ribs, the pubic rami, and the upper
end of the femur. They also occur in the iliac
bones (Figure 2), and near the base of the spine
of the scapula (Figure 3).

FIG. 3. PSEUDOFRACTUREOCCURRINGIN THE SPINE OF

A SCAPULA. A SYINIMETRICAi LESION IS PRESENT IN

THE OPPOSITE SCAPULA

The pseudofractures in the scapulae and the iliac
bones, particularly, occur in areas where muscle
strain seems unlikely. Since these lesions tend to
develop regularly in the same lplaces in different
patients and tend to be symmetrical on the two
sides of the body an anatomical explanation for
the lesions was sought.

.*.. .....
CLINICAL MATERIAL AND METHOD

Complete skeletal radiographs were made of the foui
;patients mentioned above. The reproductions of radio-
graphs in cases reported in previous studies (2, 3, 6i
were reviewed and in 28 of these cases the illustrations
were adequate to show accurate localization of the lesions.
Dissection was made of the blood vessels supplying the
trunks and extremities of three cadavers to ascertain the
proximity of the main vessels to thle bones.

RESULTS

The sites where pseudofractures have been
found, and the arteries which commonly cross the

FIG. 2. ILIUM AND THE NECK OF A FEMUR SHOWING bones at these sites, are shown in the two halves of
PSEUDOFRACTURES Figure 4. The number of times lesions were found
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Sup. nercostal DISCUSSION
/Subclovion

Transverse cervical Pseudofractures are not infrequent in the first
Post. intercostal rib where the bone is normally notched by the sub-

Suprascopular clavian artery. In the axillary border of the
Ant humral circumflex scapula where the circumflex scapular artery
Circumflex scopuiar
Sup ftwcmfe MW grooves the bone, 13 pseudofractures were found.
acroffiothoracic A detailed view of the blood vessels around the
Lot thoracic

scapula is shown in Figure 5, and the close cor-
respondence between the locations of these blood

0h7is<liolumbor vessels and the scapular lesions shown in Figure 4
=EDO , Sup. gueal will be noted. A pseudofracture has also been de-
c 7Xzo Post. ulnar recurrent scribed (3) in the outer end of the acromion at

Radial recurrent
Interosseus recurrent the site of the vessel shown in Figure 5.

r.12 ~~~~~Ant. interosseus Careful positioning of the patient is required at
31l n.g?>iX/2 fa dlaurtlsedalat feral times to demonstrate some of the pseudofractures,

circumflex particularly those in the ribs and scapulae. To be

2
7 Ant. interosseus seen clearly, small incomplete fractures in normal

Volar carpal network bone due to trauma also require careful positioning
Obturator of the patient. Both types of lesions are more dis-
Int. pudendal
Int. and deep ext. tinct when they occur perpendicular to the long
Firs perforl axis of the trabecular pattern of the bone. This
Second perforating could explain the failure of lesions to be common

Laat. sup. geniculte where the radial artery spirals the humerus. WeLot. sup. genicula have seen only one case (14), that of a severe

Fi>ll abular rachitic infant, with bilateral symmetrical spiralt\\_lPeroneal lesions in the midportion of the humerus. Gross
Ant. tibial examination of normal scapulae shows that some

ll 2 of them are not grooved by the circumflex scapu-
lar artery. Variation in the course of this blood

Med.ant. maleor vessel may explain why pesudofractures are not

Lot. ant. malleolar
Desc. branch of
transverse cervical A.

FIG. 4. SKELETON SHOWINGTHE USUAL SITES OF Suprascapulap A.
OCCURRENCEOF PSEUDcFRACTURESAND THE ARTERIES
WHICH COURSETHE BONESAT THESE SITES

The figures signify the number of lesions found at
these locations in four cases at the Presbyterian Hospital
and the lesions pictured in previous studies (2, 3, 6-11). Ant

1
1\ t ~~~~humeral

at these sites in our four cases and in which they circumflex
were adequately pictured in the cases reported P
previously is indicated on the figure. The ar- Post

teries shown are those coursing directly over the ircumflex
bones at the sites of the lesions as given in stand-
ard anatomy works (12, 13). All of these arteries lap
were found by dissection to lie in contact with the - circumflex A
bone. The blood vessels in the hands and feet
vary considerably in different individuals in rela-
tion to the bones and therefore were not included FIG. 5. SCAPULASHOWINGTHE POSITION OF THE BLOOD
in the figure. VESSELS IN RELATION TO THE BONE
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always seen at this site. Similar variations of
other blood vessels may produce the individual
differences observed. The lesions in ribs nine,
1O, 11, and 12, and the posterior lesion in rib six
could be at the site of branches of intercostal ar-
teries. Vessels were found in these areas in one
of three cadavers examined.

Mechanical stress, such as that due to muscular
or postural strain, mayproduce true fractures at the
site of pseudofractures, particularly in the upper
end of the femurs in the far advanced cases. It
seems doubtful that this type of strain would ac-
count for most of the lesions initially. Fractures
from other mechanical causes do not often occur
at the sites commonly affected in osteomalacia, as
demonstrated in Cushing's disease by the fractures
in the anterior ends of the lower ribs where re-
spiratory strain on the thoracic cage is greatest.
The true fractures, and even some of the pseudo-
fractures, occurring in cases of osteomalacia may be
due to other kinds of mechanical stress, but most
of the lesions are at sites where muscular or
postural stress is unlikely, and where arteries lie
in close contact with the bones. The most likely
explanation for the occurrence of these lesions here
would be some type of vascular stress.

Normal bone tends to yield to continuous pres-
sure in a very definite way as is clearly demon-
strated in the skull by patterned thinning due to
the pressure of convolutions of the brain and in
other bones by grooving due to pressure of blood
vessels. Although the exact mechanism of bone
erosion at sites of pressure is not known, it is not
surprising that malacic bones should respond dif-
ferently to stress than normal bones. Small breaks
in the cortex of bones at the site of mechanical
stress due to pulsating blood vessels, rather than
muscular strain as suggested by Looser, would be
followed by the laying down of callus. As
osteomalacia is characterized by failure of deposi-
tion of calcium in newly formed osteoid tissue, the
callus would remain uncalcified in these sites and
account for the radiological and pathological ap-
pearance of the pseudofractures. That there is
selective resorption, or lack of deposition of calcium
adjacent to the large blood vessels, seems less
likely. It is to be hoped that the correlation be-
tween the locations of blood vessels and sites of
pseudofractures given here will initiate attempts at
pathological or operative verification, and experi-

mental study of the mechanism of this phenomenon
in osteomalacia and possibly other bone diseases.

The pressure of vessels upon the bones may
also account for some of the similar bands of de-
creased density occasionally appearing in the skele-
tons of patients with other conditions, such as
osteogenesis imperfecta, marble bones, and
Paget's disease, but these lesions occur in abnor-
mal bone, as seen by X-ray, and their mechanism
and character would vary with the disease and
especially with the ability to calcify the callus
formed.

SUMMARY

The location of the narrow bands of diminished
density which often appear symmetrically and last
for months to years in the skeletons of patients
with osteomalacia, is shown to correspond with
the location of main blood vessels which lie on
the bones. It is suggested that the mechanical
stress caused by the vessels may result in small
breaks in the cortex with subsequent laying down
of callus which, in osteomalacia, is uncalcified.
This mechanism explains the symmetrical ap-
pearance of the pseudofractures in otherwise nor-
mal appearing bone and their location at sites not
usually subjected to other mechanical stresses.
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