Ministry of Heals Republic of Belarus

Gomel State Medical University
Cathedra of Trauma, Orthopaedics and Military Field Surgery

Thematic plan for 5th curse students:
TRAUMA AND ORTHOPAEDICS:

Lectures:
Regeneration

Fracture healing. The biology of fracture healing. Non union and pseudoarthrosis, it`s etiology, diagnostic, treatment, prophylaxis.

Normal Bone Growth and Development
Bone is a biphasic connective tissue consisting of an inorganic mineral phase and an organic matrix phase. The hardness of bone allows it to provide several specialized mechanical functions: the protection of internal organs, the scaffold that provides points of attachment for other structural elements, and the levers needed to improve the efﬁciency of muscle action. In addition, bone serves two biologic functions: a site for hematopoietic activity and a reservoir of minerals needed for metabolic interchange.

Types of regeneration:
1 Physiological remodeling
Bone remodels in response to stress and responds to piezoelectric charges. Bone are continuously being remodeled by osteoclastic and osteoblastic activity. Bone remodeling occurs in small packets of cells known as basic multicellular units (BMUs). 
2 Repair regeneration 
The response of bone to injury can be thought of as a continuum of processes, beginning with inflammation, proceeding through repair (soft callus followed In hard callus), and finally ending in remodeling. 


Bone Remodeling.
Affected by mechanical function according to Wolffs law. Removal of external stresses can lead to significant bone loss, but this situation can be reversed to varying degrees upon remobilization.
Bone remodels in response to stress and responds to piezoelectric charges (compression side is electronegative, stimulating osteoblasts [bone formation]; tension side is electropositive, stimulating osteoclasts [bone resorption]). Both cortical and cancellous bone are continuously being remodeled by osteoclastic and osteoblastic activity. Bone remodeling occurs in small packets of cells known as basic multicellular units (BMUs). This bone remodeling is modulated by systemic hormones and local cytokines. Bone remodeling occurs throughout life. The Hueter-Volkmann law suggests that mechanical factors can influence longitudinal growth, bone remodeling, and fracture repair; compressive forces inhibit growth and tensile forces stimulate growth. The law is postulated to play a role in the progression of scoliosis and Blount's disease.

The biology of fracture healing.
Bone Injury and Repair. Fracture Repair.
The response of bone to injury can be thought of as a continuum of processes, beginning with inflammation, proceeding through repair (soft callus followed in hard callus), and finally ending in remodeling.

Fracture healing may be influenced by a variety of biologic and mechanical factors.
Biologic Factors
· Comorbid medical condition
· Functional level
· Nutritional status
· Nerve function
· Vascular injury
· Hormones
· Growth factors
· Health of the soft-tissue envelope
· Sterility (in open fractures)
· Cigarette smoke
· Local pathologic conditions
· Level of energy imparted
· Type of bone affected
· Extent of bone loss

Mechanical Factors
· Soft-tissue attachments to hone
· Stability (extent of immobilization)
· Anatomic location
· Level of energy imparted
· Extent of bone loss

The biology of fracture healing is not particularly complex and parallels that of any nonossiﬁed tissue. Essentially, fracture healing occurs in three phases:
1. Vascular phase. This phase begins at the time of the insult and proceeds through the development of a hematoma (period of inflammation). This hematoma is then inﬁltrated by cellular elements, which in turn lay down collagen and cause hematoma organization (period of proliferation). A vascularization step follows when the organized hematoma is vascularized by small arterial extensions. The end result of the vascular phase is the development of a soft callus.
2. Metabolic phase (period of repair/regeneration). This stage begins about 4 to 6 weeks after the injury. During this period, the soft callus is reworked by a number of speciﬁc cellular elements to produce a ﬁrm, hard callus satisfactory for meeting the mechanical demands placed upon the fracture in the early phase.
3. Mechanical phase (period of remodeling). This phase begins once a hard callus is present, which is then manipulated according to the rules of Wolff’s law. Essentially, mechanical stress is required to produce skeletal remodeling during this phase and ultimately to produce a solid, mechanically strong bone with normal structure).

Non union and pseudoarthrosis, it`s etiology, diagnostic, treatment, prophylaxis.
A number of complications can occur following fractures and joint dislocations:
1. Problems of union
a. Malunion: Deﬁned as a healing in poor position for function.
b. Delayed union: A fracture that has not healed in the usual statistical time frame.
c. Nonunion: A fracture that has not healed and will not heal because it has lost its “biological drive” (a pseudarthrosis, or “false joint,” develops).
Radiographic findings supporting non union:
· absence of bone crossing the fracture site (bridging trabeculae)
· sclerotic fracture edges
· persistent fracture lines (true union shows 4 healed cortices on the AP and Lateral views)
· lack of evidence of progressive change toward union on serial xray
· failing or broken implants
· progressive deformity
· lack of callus (most unreliable finding)
· 
A number of reasons can be found why fractures do not heal:
· Excessive motion,
· Infection, 
· Steroids, 
· Radiation, 
· Age, 
· Nutritional status, and 
· Local devascularization 
Those have all been implicated in the delay of healing. The worst case scenario typically involves skeletal nonunion. If a bone fails to heal, surgical intervention for stabilization is frequently required. In addition to stabilization, biologic stimulation is necessary to make the fracture heal. Usually, this is accomplished through the application of bone graft material, with or without some type of external bone stimulation.

· Hypervascular or Hypertrophic: (elephant foot) 
· hypertrophic non unions are rich in callus and have a rich blood supply in the ends of the fragments; 
· they result from insecure fixation (inadequate stability) or premature wt bearing in a reduced fracture whose fragments are viable;
· fracture is capable of mounting a healing response to injury;
· hypertrophic nonunion displays exuberant callus on radiographs
· there is increased uptake on radionuclide scans;
· management: 
· may have high incidence of union after rigid ORIF compression plates or medullary nails, and cancellous bone grafts are optional;

- Oligotrophic non unions (horse hoof):
· these are not hypertrophic, and callus is absent; 
· they typically occur after major displacement of frx, distraction of fragments, or internal fixation w/o accurate apposition of fragments; 
· has an intact blood supply
· demonstrates radiotracer uptake on radionuclide scans
· has inadequate healing response

- Avascular or Atrophic:
· ends of the fragments have become osteoporotic and atrophic; 
· the non union is inert and incapable of biologic reaction; 
· will have cold bone scan;
· there is poor blood supply to the ends of the fragments; 
· these are typically seen in tibial frx treated by plate & screws; 
· these are usually final result when intermediate fragments are missing & scar tissue that lacks osteogenic potential is left in their place; 
· radiographs may show eburnated, osteopenic, and/or sclerotic bone ends
· management: open decortication must be carried out, and cancellous bone grafts should be added;

- Comminuted Nonunions:
· these are characterized by the presence of one or more intermediate fragments that are necrotic; 
· typically these nonunions result in the breakage of any plate used in stabilizing the acute fracture;

- Defect non unions;
· these are characterized by the loss of a fragment of the diaphysis of a bone; 
· ends of the fragments are viable, but union across the defect is impossible; 
· as time passes the ends of the fragments become atrophic; 
· these non unions occur after open fractures, sequestration in osteomyelitis, and resection of tumors;

2. Stiffness and loss of motion: These complications commonly occur following many types of fractures, especially intraarticular fractures, in which arthrofibrosis is known to occur. Additional problems such as bony blocks, loose bodies in the joints, nerve palsies, and posttraumatic arthritis may only add to this problem.

3. Infection: Open fractures increase the risk of subsequent sepsis. Closed fractures that have been treated operatively are also at risk. The use of implants increases the risk of infection simply because they provide a substrate for the microcolonization of certain bacteria. These bacteria have the unique ability to sequester themselves under a slime layer called the "glycocalyx," which essentially makes them inaccessible both to culture and to antimicrobial agents. The presence of necrotic bone also contributes to infection risk.

4. Myositis ossificans: This problem, previously mentioned under the heading of "Muscle and tendon" trauma, typically is the development of heterotopic bone in certain muscle groups.

5. Avascular necrosis: Because of the tenuous and frequently retrograde blood flow in certain regional areas, several specific types of fractures are complicated by necrosis of bone. Bones at risk are the head of the femur, the talus, and the scaphoid.

6. Implant failure: The use of many metallic implants places certain fractures at risk. Because of the high fatigue loading of these implants, their use establishes a "race" between the fracture healing and the implant failing. If the implant fails, salvage is frequently a significant clinical problem.

7. Chronic regional pain syndrome (reﬂex sympathetic dystrophy Sudec-syndrom): This unusual and disastrous complication is typically seen following trivial trauma after prolonged immobilization. The patients develop an exquisitely painful tender extremity and present a management disaster. Prognosis depends on early recognition. Early aggressive physical therapy and return to normal function are important to the rehabilitation of patients with these difficult complications.

TESTS: Fracture healing
154. Which of the following show the Looser’s Zone or Pseudo fracture: A. Vitamin C deficiency B. Osteoporosis C. Thyroditis D. Osteomalacia.
159. Looser’s zones is seen in: A. Osteoporosis B. Hyperparathyrodism C. Osteomalacia D. Multiple myeloma E. Paget’s disease.
216. True about Osteoclast is all except: A. Derived from monocytes B. Stimulated by PTH C. Phagocytosis of foreign bodies D. Resorption of bone.
243. Regarding bone remodelling, all are true EXCEPT: A. Osteoclastic activity at the compression site B. Osteoclastic activity at the tension site C. Osteoclastic activity and osteoblastic activity are both needed for bone remodelling in cortical and cancellous bones. D. Osteoblasts transforms into osteocytes.
244. Bone apposition is best in A. Osteoblastic activity at the area of stress B. Endochondral ossification C. Subperiosteal cambian layer D. Osteoblastic activity in howship’s lacunae.
245. In some old fractures, cartilaginous tissue forms over the fractured bone ends with a cavity in between containing clear fluid. This conndition is called as: A. Delayed union B. Slow union C. Non union D. Pseudoarthrosis.
246. All of the following factors fascilitate non union except A. Haematoma formation B. Periosteal injuries C. Absence of nerve supply D. Chronic infection.
247. Pseudoarthrosis may be seen in all of the following conditions except: A. Fracture B. Idiopathic C. Neurofibromatosis D. Osteomyelitis.
248. Factors that promotes callus formation : A. Micro movements between the fracture fragments. B. Appropriate approximation of the fragments. C. Muscle interposed in between the fracture fragments. D. Early initiation of mobilization. E. Ischemia.
249. Reduced fracture healing seen in A/E : A. T Soft tissue damage B. Early immobilisation C. Micromovements D. Ischemia E. Compound fracture.
250. Callus induction hampered in A. Hypoxaemia B. Micromovement C. fracture fragments D. Muscle interposition between fracture fragments.........
251. In children best remodelling is seen in fracture with A. Angulation in diaphysis B. Angulation in metaphysis C. Rotation in diaphysis D. Rotation in metaphysic.
252. Following are the stages of bone repair A. Hematoma formation B. Thinning of lamellar bone C. Callus formation D. Bone remodeling along the line of stress E. Proliferation and differentiation of fibroblasts.
284. Non union in long bones is treated by: A. Imramedullary nailing B. POP cast C. Opon reduction and internal fixation with bone grafting D. Conservation Tretment.
408. Cancellous bone graft taken from : A. Femoral condyles B. Pelvis C. Greater trochanter D. Tibial metaphysis.
409. Site for 1st order bone grafting: A. Pelvis B. Tibial metaphysis C. Medial malleolus D. Femoral Condyle E. Greater trochanter.
410. Autologous bone graft is commonly taken from A. Iliac crest B. Tibial tuberosity C. Greater trochanter D. Fibula.
411. Standard site for primary bone graft: A. Pelvis B. Greater trochanter C. Medial malleolus.
555. In traumatic myositis ossificans, following are true except : A. Hydroxyapatite deposition B. Common in elbow injury C. Periosteal hematoma & leakage D. Injury of tendon over muscle.
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