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Effect of Soft-Tissue Trauma on the Early Periosteal

Response of Bone to Injury

Patricia S. Landry, PhD, Andrew A. Marino, PhD, Kalia K.

Objective: To determine whether the periosteal response to
skeletal trauma is impaired when muscle is also injured, thereby
providing a possible explanation for why fractures with exten-
sive soft-tissue damage may take longer to heal.

Methods: A bone defect was made in the tibia of male Fisher
rats, and the proliferative response, osteoblast concentration,
and callus formation that occurred within 7 days were measured
in the presence and absence of simultaneously administered
model soft-tissue injury (removal of 10% of the anterior tibialis
muscle from a region within 2 to 3 mm of the bone defect).
Measurements were made by using autoradiography, quantita-
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connective tissue above the periosteum was not affected. Addi-
tion of the muscle injury resulted in increased osteoblast levels 2
to 5 days after injury but had no effect on the amount of callus
produced.

Conclusion: The inflammatory milieu created by the muscle
injury unexpectedly resulted in an increased periosteal response
to skeletal trauma, suggesting that inflammatory mediators gen-
erated in response to wounding of soft tissues are unlikely to
account for delayed fracture healing. These findings may indi-
cate that surgical trauma associated with internal fixation by
using plates and screws may not be as deleterious to the frac-

tive histology, and morphometry.

Results:Addition of the muscle injury increased proliferation
in the cambium and in the fibrous periosteum on day 1, but had
no effect thereafter; proliferation of fibroblasts in the loose

ture-healing response as previously thought.
Key Words:Wound healing, Fracture repair, Delayed healing,
Inflammatory response.

usculoskeletal trauma typically results in injury to with the regulatory system governing osteogenesis, thereby
both bone and soft tissue, thereby triggering the pro-antagonizing fracture repair.
cesses of wound healing and fracture repair. Clinical We previously developed an animal model for studying
and experimental evidence suggests that extensive soft-tissperiosteally mediated bone healing. The purpose of this study
injuries may delay or even prevent fracture heafingput  was to determine whether the normal bone-healing response
the basis of the link between the two healing processes is nohanifested in the model was impaired when soft tissue was
known. Hormonal levels, changes in blood supply, and mealso injured. This determination was accomplished by com-
chanical forces are important factors in bone healing that maparing the extent of bone healing in the presence and absence
be affected by soft-tissue injufy.2 Another possibility is that  of a model soft-tissue injury.
the soluble agents that mediate wound healing could directly
impact on fracture repair. Such an interaction could explain
why fractures with extensive soft-tissue damage, caused by
the injury itself or by subsequent surgical interventions, mayAnimals
take longer to heal. Male Fischer rats (Harlan, Indianapolis, Ind) were used. They
The inflammatory phase of wound healing is characterizedvere caged individually with a light/dark cycle of 12:12 and
by movement of cells from nearby tissue and from the cir-fed and watered ad libitum. A minimum of 1 week was
culation into a fibrin network at the injury site and by the allowed for the animals to adjust to their housing conditions.
synthesis of cytokines that activate cells and induce expres- To restrict the focus of the study to possible impacts on the
sion of regulatory molecules and extracellular mafriXt ~ contribution of periosteal cells to bone repair, a bone defect
Similar complex coordinated events also occur in fracturevas created that did not communicate with the medullary
repair, resulting in formation of osteoblasts from cells in thecanal. The defect was 1.1 mm in diameter and 0.5 mm deep,
periosteum and in the marrow and the expression of bonand was made unilaterally in the anteromedial tibia inferior to
matrix proteing*2131t is possible that one or more of the the saphenous artery bifurcatibhin some animals, a model
agents that mediate wound healing could interact directhpoft-tissue injury was created during the same operation by
removing a portion of the anterior tibialis muscle located
within 2 to 3 mm of the bone defect. Preliminary studies
showed that removal of approximately 10% of the muscle
. . , (which was approximately 600 mg) resulted in significant
Department of Orthopaedic Surgery, LSU Medical Center in Shreveport . . : .
Shreveport, Louisiana. swelling, bleeding, and clot formation, compared with the
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dation and the Orthopaedic Trauma Association. operative control, a third group of rats received only the
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The rats were killed 1, 2, 3, 5, and 7 days after operation
(five rats in each group at each time interval). Additionally,
three rats that received an incision of the skin only, with
wound closure, and 10 noninjured animals (20 tibias) that
served as nonoperative controls were killed. All rats were
given tritiated thymidine 1 hour before killing (intraperitone-
al, 1 uCi/g of body weight, diluted with sterile water to a final
volume of 0.5 mL, specific activity 2 Ci/mmol, ICN Bio-
medicals, Irvine, Calif).

All operations, radioisotope injections, and killings (car-
bon-dioxide suffocation) were carried out between 10:@0
and 2:00~m to minimize potential effects caused by circadian
rhythms. All animal procedures were approved by the Insti-
tutional Animal Care and Use Committee.

Tissue Preparation

The region of the tibia that contained the defect was recov-
ered, processed, and sectioned completely ain#in the
longitudinal plane. A trio of sections was selected from the
middle of the defect, from halfway between the middle of the
defect and its medial edge, and from halfway between the
middle and lateral edge. In the rats that did not receive the
bone defect, sections were selected and analyzed as if the
defect were present.

One section in each trio was processed for autoradiography
and counterstained with van Gieson’s stain, the second was
stained with methyl-green and thionin, and the third with
toluidine blue and basic fuchsii:*® The criteria for identi
fication of pertinent cell types based on morphologic and
histochemical properties were described previotdly.

Measurements
Quantitative determinations of proliferation, osteoblast con-
centration, and callus formation were made withi8 mm
from the center of the defect. Proliferation was assessed by
counting the number of labeled cells% grains/nucleus), and
osteoblasts were counted in the methyl-green/thionin sec-
tions. The osteoblast was identified as a cambial cell (previ-
OUSIy shown to be alka“ne'phOSphatase poﬁﬁVEhat con FIG 1. Callus formation in the cambium after bone injury at 3 (A), 5 B), 7 (C) days
tained a nucleus with nucleoli, extensive baSOphi"Cafter operation. The bone defect is on the leftgrrows). Toluidine blue/basic fuchsin
cytoplasm, and a prominent Golgi apparatus. Cell concentrgtain. Bars are 100 um.
tions were determined separately in the cambium, fibrous
periosteum, loose connective tissue, and within the defect bytatistical Analysis
dividing each count by the length of the cortical bone surfacel he data were analyzed by using analysis of variance and the
along which the cells were located. The mean of the threé test atp < 0.05. Because we hypothesized that the muscle
representative sections (expressed as cell-count per millimé?jury would retard fracture repair, theests were one-sided.
ter of bone) was used in all subsequent calculations. Each
reported mean is the grand meahSE) of all the rats that RESULTS
received a particular treatment. Cortical Surface

Periosteal callus thickness was measured (toluidine-bluéfter injury to bone, callus first formed on the cortical sur-
sections) from the original bone surface to the superficiaface adjacent to the defect, and then progressed into the
edge of the callus; the measurements were made au00- defect beginning around day 5 (Fig. 1). The histologic
intervals along the cortical surface by using a computer-basechanges were described previou¥ly.
system (Bioquant System IV, R&M Biometrics, Nashville, The bone injury produced a large sustained increase in
Tenn). Callus present on day 7 was estimated by using Deproliferation of cells in the cambial layer of the periosteum
Lesse’s principle.’ (Fig. 2). The cells were previously identified as osteoprogeni-
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FIG 2. Autoradiograph showing proliferative response 3 days after bone injury. Elevated proliferation occurred in all tissue compartments (seen as bladots at 10x).
Autoradiograph stained with van Gieson’s. Cortical bone CB), cambium (C), fibrous periosteum (FP), loose connective tissueLCT), defect on left.

tors and osteoblasts on the basis of morphologic and histmsteoblast concentration. Addition of the muscle injury re-

chemical evidenc&® Addition of the soft-tissue injury in  sulted in increased osteoblast levels during days 2 to 5

creased cambial proliferation on day 1 but not thereafter (Fig(p < 0.05, analysis of variance); the comparison on day 3

3). Proliferation of fibroblasts in the fibrous periosteum alsowas statistically significant (Fig. 6). However, the muscle

occurred in response to the bone injury (Fig. 2); its timeinjury had no apparent effect on the amount of callus pro-

dependency and the effect of the soft-tissue injury weraeduced p = 0.12) (Fig. 7).

similar to the corresponding results in the cambial periosteum

(Fig. 4). Proliferation of fibroblasts in the loose connective Defect

tissue above the periosteum was not affected by the injury télealing occurred by growth of calllfsfrom the defect pe

muscle (Fig. 5). riphery (Fig. 1). Too little ingrowth occurred by day 7 to
Cells in the expanded osteoprogenitor population differenadequately permit assessment of the impact of the muscle

tiated into osteoblasts, leading to a sustained increase injury.
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FIG 3. Proliferative response in the cambial periosteum of the region of interest FIG 4. Proliferative response in the fibrous periosteum of the region of interest
after operation (on day 0). B, bone injury; T, soft-tissue injury; BT, combined after operation (on day 0). B, bone injury; T, soft-tissue injury; BT, combined
injuries. The baseline ghading was 0.3+ 0.1 cells/mm as determined from 10 injuries. The baseline ghading was 0.1+ 0.1 cells/mm as determined from 10
control rats (20 tibias). Asteriskindicates p < 0.05 for BT versus B. control rats (20 tibias). Asteriskindicates p < 0.05 for BT versus B.
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FIG 5. Proliferative response in the loose connective tissue of the region of interest

after operation (on day 0). B, bone injury; T, soft-tissue injury; BT, combined

injuries. The baseline ghading was 0.4% 0.1 cellss/mm as determined from 10 =]
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A low-level transient proliferative response occurred that
lasted longer in the connective tissue than in the periosteum
(Fig. 4 compared with Figs. 1 and 3). Osteoblast levels
increased slightly (Fig. 6), and the cells were syntheticallyz

active (Fig. 7). The rats that received only the skin incision
exhibited a negligible periosteal response (data not shown).x—Y

DISCUSSION

Endogenous cytokines occur at bone injury stfeand ex

ogenous cytokines can alter the bone injury respdh8ane

FIG 7. Callus formation in muscle-plus-bone—injured (A), bone-injured (B), and

cells are sensitive to a range of Signa”ng agents, inc|uding1uscle-injured (C) rats 7 days after injury. The rectangular flat regions depict
interleukin-18, transforming growth factgs, platelet-derived

growth factor, and insulin-promoting growth factdr?®

cortical bone surfaces; the bone defectX and B) is the region below the cortical
surface. The results were obtained by measuring the height of the callus at equally
distant points (200 um) along each of the three representative sections, and

Thus, evidence suggests that the skeletal response to traumvaraging over five rats in each group. For illustrative purposes, values between

is mediated by a key group of regulatory molecules.

the planes of measurement were obtained by linear interpolation, and the callus
outside the region measured was arbitrarily assigned zero height. All heightsZ(

It would be reasonable to anticipate that, under SOome Cirais) were scaled to the observed maximal callus thickness (3pan). X scale, 200
cumstances, mediators of wound healirig might adversely

affect the regulatory system governing fracture repair.

Th

pm/grid; Y scale, 100um/grid. P, proximal; L, lateral. Callus volume in A and B

dvas 0.50% 0.10 mn? and 0.37 + 0.06 mn?, respectively.

model muscle injury was chosen because it produced histo-

NUMBER OF OSTEOBLASTS (cells/mm)

0o 1 2 3 5 7
TIME (Days)

FIG 6. Osteoblast concentration in the cambial periosteum of the region of interest

after operation (on day 0). B, bone injury; T, soft-tissue injury; BT, combined

injuries. The baseline (shading) was 4.% 0.6 cells/mm as determined from 10 rats

(20 tibias). Asteriskindicates p < 0.05 for BT versus B.
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logic and clinical signs of inflammation in the region of the
bone defect that significantly exceeded the inflammatory re-
sponse to the bone injury alone. Consequently, if factors
derived from soft tissues could interfere with the bone-cell
response to injury, then the model muscle injury should have
been sufficient to permit observation of the response. The
observation that the muscle injury triggered osteogenesis in
the absence of bone injury supports this view (Fig).7
However, in contrast to our premise, the inflammatory
reaction caused by the muscle injury did not impair the early
phases of bone healing. Rather, the opposite result was ob-
served; addition of the muscle injury produced more perios-
teal proliferation (Figs. 3 and 4), more osteoblasts (Fig. 6),
and may even have resulted in more callus formation (Fig. 7).
Taken together, these observations do not support the view
that a direct effect of the mediators of wound healing on the
periosteum could explain delayed fracture healing or forma-
tion of nonunions. Other factors such as blood supply and
stability of the fracture site may be more important predictors
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of the duration and success of bone healing. This study was
not designed to address the role of these factors.

Two limitations regarding the clinical implications of our
results merit mention. Because the soft-tissue injury was

administered surgically, the resulting inflammatory response 3.

may not adequately mimic the cytokine milieu triggered by
an injury resulting from the application of force such as a

crush. Second, the conclusions of this study pertain only o
the periosteal repair system. Bone-matrix—producing cellsg

conditioned in the marrow environment may have cytokine
receptors that confer sensitivities different from those of
periosteal cells.

An unexpected finding was that the soft-tissue injury alone
was capable of eliciting proliferation in the cambium and in
the fibrous periosteum, differentiation leading to osteoblast

formation and callus formation (Figs. 3, 4, 6, and 7). The 7.

response to the muscle injury differed from the response to
bone injury in both magnitude and duration, but the important

point is that a bone-cell response occurred in the absence 0§,

injury to bone; this finding suggests that some of the initial
triggers in wound healing and fracture response were quali-

tatively similar. This inference is further supported by the 10
observed pattern of callus formation in relation to the injury;

site (Fig. 7). The callus that formed on the cortical surface

around the bone defect was roughly symmetric around theé2.

defect. The muscle injury-induced callus was greater on the
lateral edge of the tibia (which was nearer the muscle injury
and was significantly less more medially. Both patterns coul
be explained by assuming that bone-cell regulatory factors
were synthesized or released at the injury sites and diffused

through the region of interest, resulting in concentration-14-

dependent signaling.

Why should there be a commonality in the initial signaling 15

patterns of wound healing and fracture repair? From an evo-
lutionary viewpoint, perhaps natural selection favored devel-
opment of one rather than many systems for triggering heal-
ing responses. Vascular disruption accompanies all forms

trauma and consequently could serve as the source of necesr,

sary vulnerary factors. In this view, the tissue-specific nature

of the healing would be determined by the receptor-linkedl8.

pathways of the target cells.

In summary, the evidence suggests that the inflammatoryl/g'
milieu created by a surgical injury to soft tissue did notoq.

interfere with the early phase of the regulatory system gov-
erning bone repair. A clinical implication is that the addi-
tional trauma from incisions when internal fixation is per-
formed with plates and screws might not be as deleterious to
the fracture-healing response as previously thought.

22.
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