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of the epiphyseal cartilage by the characteristic
fibroproliferative inflammatory reaction of
syphilis. This invasive granulation tissue may
‘destroy the lateral margins of the epiphyseal
plate or invade the epiphyseal plate, sometimes
virtually separating the epiphyseal head of the
bone from the metaphysis. The inflammatory
tissue may extend into the medullary cavity to
cause widespread fibrosis.

The characteristic histologic hallmarks of
syphilis can be found in this inflammarory
response in the form of obliterative endar-
teritis and striking perivascular mononuclear
cell infiltrations, principally of plasma cells.
Reactive bone formation occurs from the sur-
rounding vital periosteum. The periostitis pro-
duces a similar syphilitic granulation tissue be-
tween the cortical bone and the periosteum
and is accompanied by the laying down of new
bone to produce a characteristic “crew haircut”
appearance or sclerosis of the cortex roentgen-
ographically. When this thickening occurs on
the tihia, it gives rise to the deformity recog-
nized as saber shin.

Acquired syphilis may result in osteochon-
dritis and periostitis, but may also be mani-
fested by the development of a frank syphilitic
osteomyelitis, usually by the production of
characteristic gummas within the marrow cav-
ity of the bone. In addition to the long bones,
the skull and vertebral column are affected in
the acquired forms.

FRACTURES

The speed of the healing and the perfec-
tion of the repair of a fracture depend upon
whether the break has occurred in a previously
normal bone or at some site of preexistent
disease (pathologic fracture). They also depend
upon the extent and nature of the fracture.
Fractures may be complete or incomplete (green
stick}, elosed (simple) with intact overlying tissue,
communuted when the bone has been splintered,
and compound when the fracture site com-
municates with the skin surface. Incomplete
closed fractures heal most rapidly with vir-
tually complete reconstruction of the preexis-
tent architecture. On the other hand, commi-
nuted and compound fractures heal much
more slowly with less satisfactory results. In the
former, the devitalized bone splinters consti-
tute impediments to repatir, while in the latter,
possible infection contributes to bone destruc-
tion, impairment of blood supply and stimu-
lates fibrosis which gets in the way of bony
healing. On this basis, the morphologic
changes that are encountered in the healing of

. neutrophils. After two days have el

a fracture depend, to a considera
upon.the nature of the fracture and
eral problems involved. With this u
ing, the basic sequence of events in
of a simple closed fracture will b
since this pattern is followed in th
all fractures and is only slowed a
less impaired by the complications

Healing of a fracture represents
process, but it con be divided for con
three distinct stages: (1) erganizati
at the fracture site, leading to a soft
procafius; (2) conversion of the procal
cartilaginous callus which more eff
lizes the bone fragments; and (3) ¢
the fibrocartilaginous callus by osse
eventually will be remodeled along |
bearing to complete the repair.

Immediately after a fracture, th;
able hemorrhage into the fractur
tured vessels within the bone as well:
periosteum and surrounding soft t
toma is thus formed that fills the fr
surrounds the area of bone injury.
of this blood gives rise to a loose fibri
more ot less seals off the fractur
same fime, serves as a framework f
fibroblasts and capillary buds. How,
down of this blood acts as. a stimuly
flammatory reaction. During the fi
following the injury, the progress
of red cells provides a continuing i
vlus that results in significant edem
gestion and an infiltration of leukod

AR

Fli
Figure 31-7. Experim
e and granufation tissue

ing days, these bon
ly numerous and aggr
form, temporary bony
n as the provisional «
nflammatory reaction
apair is well under v
nation is present.
This provisional call
the normal diameter
ome distance up ove
create a spindle-shag
31-8). In an uncompl
| callus wsually atte
tthe end of the secon
piequent course of time
asingly strengthened
salts and the widen
icate bone spicules, o
odeled by osteablastic
The remodeling pro
e and weight-bearin
one. If the fracture he
riginal weight-bearir
ir original lines, virtva
the bone is accomplishe
Internal callus that fills
bed and, at some lat

trophils are accompanied by large
macraphages that begin the phagoec
sue and red cell debris. At the s¢
blasts from the surrounding connec
periosteum and the medullary cay
margins of the clot and initiat
process. In this way, fibroblastic repa
forms o soft tissue callus in and ob
site. ’
However, the healing of o bon
from the healing of o soft tissue. i
point on. After the first few days
cartilage and bone matrix are
fibrovascular response. The orig
and cartilaginous tissue is somewh
of the ostecblasts and chondroblas

new bone and cartilage are disp
soft tissue callus (Fig. 31~7) Inth



Fig. 31-7

caflus.
e 31-8.

days, these bone spicules become suffi-
merous and aggregated ta create a large,

the provisional or procallus. By this time,
matory reaction has largely subsided and
r is well under way unless bacterial con-
on is present.

provisional callus is considerably wider
normal diameter of the bone and extends
distance up over the fractured ends to
ate o spindle-shaped, fairly effective splint
). In an uncomplicated fracture, the pravi-
allus usually ottains its mdximal size at
end of the second or third week, Over the
nt course of time, this provisional callus is
hgly strengthened by the precipitation of
[ts and the widening of the newly formed
bone spicules; and is at the same time
d by osteoblastic and osteoclastic activity.
remodeling - process is directed by the
d weight-bearing stresses imposed upen
If the fracture has been well aligned and

is of
differg inal| weight-bearing strains are restored to
and p ginal lines, virtually perfect reconstruction

e is accomplished. In such reconstruction,
nal calus that fills the marrow space is also
ond, at some later date, roentgenograms

THE MUSCULOSKELETAL SYSTEM—Bones -

temporary bony union of the fracture
porary bony

1441

Fig. 31-8

re 31-7. Experimental demonstration of bone repéfr. The hole drifled in the femur is filled with hemor-
tgranulation tissue. Fibrous tissue fills the adjacent marrow space and bone spicules are found within this

New bone formation {slender spicules) outside the old cortex in the healing of a fracture.

may completely fail to demonstrate the site of
previous injury.

The influences which dictate architectural re-
construction of bone along lines of weight bearing
have olways been o mystery. The most appealing
postulate suggests _the development of electrical
fields modifying osm
ity. It is proposed thot both collagen and its as-
sociated minerals exhibit piezoelectric properties.
Regions under tension act as ancdes and com-

-pressed regions as cathodes. Electric currents in the

millivalt range develop. Bone accumulates about
the cathode region, thus spreading the elecfrical
cha G wider field and, at the same time,
lowering the compressive stress per unit of bone. In
this fashion,_the bone js remodelled along lines of

weight-bearing {Bassett, 1968),

erfect repair may be not only impeded but
also blocked by many complications. Malalignment
and comminution of the bone are almast inevitably
foliowed by some permanent deformity. Moreover,
the devitalized spicules of comminuted bone must
be demineralized and the ostecid material re-
sorbed. These processes accentvate the inflamma-
tory reaction, enlarge the provisional callus and
favor the formation of an overly large, deforming,
permanent callus. Permanent obliteration of the
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marrow cavity may eventuate. Inadequate immobili-  feoporosis. Both the senile andjor
zation of the bone permits the continuance of twist-  pausal forms of this disorder are, i
ing, shearing and bending stresses. Under these cir-  analysis, idiopathic. ‘
cumstances, the loying down of an. ostecid and Localized. osteoporosis of a spe
chondromatous matrix is slow and, in fact, in many  tion of the skeleton may appear in ré
instances is virtuatly blocked so that the callus may  osteomyelitis, joint disease, such as rh
be composed of only fibrous tissue and cartilage arthritis, and immobilization of a pans
which perpetuate the abnormal mobility. An osse-  body.
ous callus may not form under these circumstances Pathogenesis. Since time im
and a dense fibrous tissue remains as the end-stage  the argument has waxed as o wh
of the repair process producing a false joint (pseu- reduction in bone mass is due to
doarthrosis). Interposition of soft tissues tends to  deficiency of calciom, having secondi
give rise to such fibrous, inadequate beny union. on bone matrix, or the converse, ]
However, in any of these complications, if the inter- postmenopausal osteoporosis has be
posed soft parts can be removed at o later date, or md levels of anaboli
adequate immobilization eventyally effected, ulti-  and inadéquate production of osteotd
mate adequate repair can be anticipated except In clinically significant osteoporosis
perhaps in advanced age groups suffering from loss of approximately 30 per ¢
arterial insufficiency and venous inadequacies. mineral content of the skeleton. Fo
Systemic derangements may further unfaver-  loss to occur within 10 to 15 years o
ably affect the end results. Inadequate levels of cal-  pause, it would require massive lossé
cium and phosphorus, avitaminoses, systemic infec-  substance and consequent mobili;
tions, generalized atherosclerosis that renders the calcium. However, such losses
area ischemic and preexistent osteomalacia or os-  documented by metabolic balance:
teoporosis (p. 1443) are some of these unfavorable calcium. {Moreover, if loss of ovari:
influences. In general, in children and young were reshonsible for postmenopal
adults, in whom most uncomplicated fractures are porosis, why should the disease no
found, practically perfect reconstruction may be an- # telated to advancing age and what
ticipated. In older age groups in whom more of the  npation in men? ;
unfaverable influences are prone to complicate the Before p oceeding ‘further,
problem, less favorable union occurs. dismiss, the copcept-of 2 dierg 2
Y dency{Although still supported by
OSTEOPOROSIS tigators, most studies fail to doct
: cient reduction in calcium intake to
Osteoporosis is best and most simply char-  explain the reduction in skeletal mas
acterized as a reduction in bone mass. Because itis  al., 1967) {Skosey, 1970). )Granted
an almost inevitable accompaniment of ad- diet may be operative ina few pat
vanced age, some writers would prefer to qual-  does not explain the widespread p
ify this definitign by adding that the reduction  osteoporosis in older individuals.
in bone masséhould only be termed osteo- osteoporotic bone, although reduc
porosis when it induces symptoms of hackache has the same mineral composition
and pain associated with, objective evidence of bone and shows no evidence of:
tures (Lutwak, 1969).)It is seen clinically in _jneraliza(jon. '
many conditions and ma§ aflect the entire skel- It may well be that osteoporosis is IO TEOMALACIA
eton or only part of it. ) disorder but rather a group of disordersio] Literally. osteomalac
Hyperparathyroidism, hyperthyroidism, causation all leading to reduction in e In ess}e;;z ce, it compri:
hyperadrenocorticism and acromegaly are well ~ Cases arising on the basis of hyper. hildh od richets and is
known causes of generalized osteoporosis. It ticism may be the consequence of in e W.?fem Lization o f bone
may also occur in association with primary or teoclastic activity and bone resorpt ase in the ;elative g
secondary cancers of the skeletal system. Os-  cases may be due to malnutrition (p ease in the appositional
teoporosis may be seen in generalized malnu-  tamins, minerals). A host of explan: 1967) (V\ff)inn 195
trition, vitamin C deficiency and prolonged been offered for the osteoporosis in isa consequence of t
bed rest (immobilization). However, the major-  pausal women and senile men, wi ion to keeq ace wi
ity of patients are of advanced age and do not manding evidence for any postulal I }Il?er?ce the
have demonstrable underlying causes. In these  of the theories invoke increased re ase of }:teoi d seams
patients, the condition is termed senile osteo-  ative to the skeletal mass, arguin B e fracti(())n of the tota
porosis. For obscure reasons, women are much  mal” levels of calcium turnover are d by nonmineralized
more commonly affected, in a ratio of 4 to 1, increased in the patient with a snb laciz):dif-}'ers from ostec
giving rise to the designation postmenopausal os-  ton. Increased end-organ sensitiv B her is characterized b
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