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Background information

Pelvic fractures are devastating injuries that are associated with a number of complications that often require extensive rehabilitation. Pelvic fractures represent about 0.3% to 6% of all fractures and occur in 20% of all polytrauma cases.1 High-velocity trauma accounts for most pelvic fractures, including motor vehicle accidents, motor vehicle-pedestrian accidents, crush injuries, and falls.2 A bimodal distribution of age is seen in pelvic trauma, as most injuries occur between the ages of 15 to 30 and 50 to 70 years. The overall average age is reportedly 31.5 years. Men account for more pelvic fractures than women, representing about 57% to 75% of all pelvic injuries. Reported mortality rates range from 6.4% to 30%,5 depending on the type of pelvic fracture and extrapelvic injuries and complications.
Rapid assessment and diagnosis during the emergent period, along with rehabilitation that begins as soon as the individual stabilizes, are vital to good outcomes. 
Pelvic Anatomy

Three major bones compose the pelvis: ilium, ischium, and pubis. The ilium is situated superiorly. The uppermost portion forms the iliac crest. The right and left ilium form the pelvic girdle and articulate with the sacrum posteriorly to form the sacroiliac joint. The ischium lies inferiorly and posteriorly. The superior and inferior rami join the pubis, which lies inferiorly and anteriorly. Eventually, the three bones fuse into one at the acetabulum, which forms a socket for the head of the femur. Anterior fusion of the right and left pubi form the symphysis pubis. The circumference of the pelvic brim is shaped by the oblique plane across the sacrum on the posterior side, symphysis pubis on the anterior side, and several lateral points along the ilium. The greater pelvis, sometimes called the false pelvis, lies above this landmark. Its borders include the lumbar vertebrae, ilium laterally, and abdomi-nal wall anteriorly. The lesser or true pelvis is below the pelvic brim, bounded by the sacrum and coccyx, inferior portions of the ilium and ischium, and pubic bones 

The pelvis houses several large vascular structures. The common iliac artery branches of the abdominal aorta. The internal iliac ar-tery branches off the common iliac and supplies most of the blood supply to the pelvic wall and viscera via several tributaries, includ-ing the superior vesicle, obturator, rectal, uterine, vaginal, pudendal, and superior and inferior gluteal arteries. The external iliac artery traverses the brim of the lesser pelvis then becomes the femoral artery as the vessel passes through the leg. The lumbar and sacral arteries, which divide off the aorta, also lie in the pelvic cavity. The veins in the pelvis, for the most part, correspond to the arteries. The in-ternal and external iliac veins fuse to form the common iliac vein. The internal iliac vein receives blood from the pelvic organs, including the uterus, vagina, urinary bladder, rectum, prostate gland, and vas deferens as well as blood from the medial thigh and gluteal muscles. The external iliac vein continues off the femoral vein and empties blood from the anterior abdominal wall and lower extremities.
Other vital structures within the pelvis include the reproductive organs, sigmoid colon and rectum, bladder, ureters, and urethra. Important nervous system structures that traverse the pelvis include the sacral plexus, which is composed of the 4th and 5th lumbar nerves and sacral nerves 1 through 3. Also, the femoral, sciatic, and obturator nerves pass through the pelvis
Classification of Pelvic Fractures
Pelvic fractures are classified in several ways. The simplest method evaluates the nature of a pelvic-ring fracture and presence of an acetabular fracture. The pelvic-ring fracture is classified as anteroposterior compression, vertical shear, or lateral compression. Pelvic-ring stability is a second method. Because anterior structures, such as the symphysis pubis and pubic rami, provide about 40% of pelvic rigidity, this classification system is based on posterior stability at the sacroiliac fusion. In Type A fractures, the pelvic ring is stable. Gansslen and colleagues reported that, of 3260 pelvic injuries, 54.8% were Type A fractures. Ninety-one percent of Type A fractures affected the anterior pelvic or iliac rim. Type B fractures are rotationally unstable. Lateral compression and complete separation at the symphysis pubis (“open-book” fractures) account for most Type B injuries and are caused by internal and external rotational forces. Concomitant acetabular fractures are commonly associated with Type B fractures. In Type C injuries, the posterior sacroiliac articulation is completely disrupted. Seventy percent to 80% of all pelvic fractures are Type A and B (Table 1).

Communication with adjacent tissue forms the basis for a third approach to the classifica[image: image15.png]
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tion of pelvic injuries. Reportedly 2.7% of all pelvic fractures are open fractures. Although relatively rare, they are associated with much higher morbidity and mortality than closed fractures. Open fractures most commonly result from motor-vehicle crashes. 
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(Figure1) Type C fracture, the posterior sacroiliac junction
 and anterior part is completely fractured and displaced

 with vertical and horizontal instability
 
The student should know:
1. Frequency and classification of the pelvic bones injuries.
2. The reasons of the shock development at patients with the fractures of the pelvic
rings and their treatment.
3. Meaning of the intrapelvic Novocain blockade by L. G. Shkolnikov and V. P.
Selivanov and its technique.
4. Meaning of the intraosseous anesthesia of the pelvis  . Its
advantages in comparison with the other methods.
5. Complications at injuries of the pelvic rings and their diagnostics.
6. The basic methods of treatment of isolated fractures of the pelvic bones and
pelvic rings.
7. Stable osteosynthesis of the symphysis pubis, 
8. A method of the x-ray control of the front pelvic semi-ring posterior surface,
The student should be able:
1. To make the general examination of the patient with the fractures of the pelvis, to define the pulse rate, arterial pressure. He should be able to define the most painful places, displacement of the fragments, skewness and the position of the bony prominences.
2. To be able to measure and research the functions of the lower extremity.
3. To be able to carry out the anesthesia 
4. To be able to estimate the preliminary and final diagnosis.
5. To be able to plan the general plan of treatment.
Classification of Fractures(Table 1).
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	Pelvic ring
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	A
	Stable
	54.8

	B
	Partially stable
	24.7

	
	Rotationally unstable
	

	
	“Open book”
	

	
	“Bucket handle”
	

	C
	Unstable
	20.5

	
	Disruption of
	

	
	sacroiliac joint
	

	
	
	


DIAGNOSTICS OF PELVIC BONES INJURIES AND METHODS OF TREATMENT
Fractures of the pelvic bones are referred to the severe injuries. They make from 5 up to 6 % of all fractures of motor and support apparatus. Fractures the pelvis occur as the result of the pelvic ring compression in the lateral or anteroposterior direction. The weakest place in it are branches of the pubic and ischial bones which break more often. The avulsion and impact fractures occur less often.
Classification of the pelvic bones fracturesFractures of the pelvic bones are divided
into three groups.
The first group — simple fractures of the pelvic bones. The following are referred to them: 1) avulsion of the anterior upper and lower spines; 2) fracture of the iliac wing; 3) fracture of the iliac crest; 4) fracture of one of the branches of the pubic and ischial bones; 5) fracture of the sacral bone; 6) Fracture of the coccygeal bone.
The second group -compound fractures of the pelvic bones. The following are referred to them: 1) unilateral fracture of the pubic and ischial bones; 2) fracture of the anterior semiring of the "butterfly" type; 3) double vertical fracture of the posterior and anterior semi-ring (Malgen type); 4) diagonal fractures; 5) rupture of the symphysis and
synchondrosis.
The third group — complicated fractures of the pelvis. The following are referred to them: 1) rupture of the posterior edge of the cotyloid cavity with the posterior upper dislocation and 2) fracture of the cotyloid cavity floor with the central dislocation; injury of
organs of the pelvis minor.
SIMPLE FRACTURES OF THE PELVIC BONES
Clinical symptoms are typical for each kind of the pelvic bones injury. All listed fractures occur without the displacement and with the dislocation of the fragments.
Rupture of the anterosuperior and anteroinferior spine. The free bone fragment is defined in the area of the attachment to the anterior part of the iliac wing after the abrupt tension of the tailor's muscle and tensor muscle of fascia lata. The bone fragment displaces downwards under the influence of the muscles pull. Except of this there are also the morbidity and edema of the soft tissues can be defined at the palpation of this area.
The pain reduces at the bed rest with the bent hip joint. This fracture gives the "reverse motion" symptom — the patient cannot move forward because of morbidity at the lifting of the legs as the result of the traction and tension of the injured muscle. The
shadow of the free lying bone fragment with the small displacement downwards can be seen of the radiograph.
The functional restoration occurs by the end of the month after the conservative treatment in bed rest within 3-4 weeks.
Fracture of the iliac wing and crest (vertical fracture) is accompanied by the pain and appearing of the extensive hematoma revealed at the palpation under the gluteal muscles.
At the fracture with the displacement the broken off anterior segment of the wing with the anterior part of the iliac crest always displaces upwards. Fracture of the medial part of the crest displaces outwards under the influence of the traction. The longitudinal fissures often reach the cotyloid cavity and are accompanied by the pain arising at movement in the hip joint and hemarthrosis. The diagnosis is specified by the radiography.
The leg is laid on the Bujiler frame with the small abduction and traction by the cuff, imposed on the shank, the load is of 1-2 kg. At the big body of muscles of the lower extremities the imposing of the skeletal traction is expedient instead of the cuff traction. The ice packs are imposed on the gluteal area of the injured side during the first three days after the trauma. The hematoma is eliminated by the thick puncture needle. The immobilization of the extremity is continued up to 4 weeks. In 4-5 weeks the patient can start walking. Work capacity is restored by the end 2-3 month. It depends on the size of the iliac wing injury.
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Isolated fractures of the pubic and ischial bones. Fracture of the pubic (fig. 2) or ischial bones is accompanied by the local pain especially at movement in the hip joints and at lying on one side. The pain decreases a little, when the legs are bent and are pulled apart a little bit — "frog position". The painfulness, edema of the tissues and hemorrhage are defined at the fracture of the upper branch of the pubic bone above the inguinal ligament, and also there is the symptom of the "stuck heel" sign — the patient cannot take the heel off the bed. Fracture of the lower branch is accompanied by the painfulness and appearance of the hemorrhage under the inguinal ligament. Fractures of the ischial bone branches give the same clinical presentation but in the are of the perineum. Fractures of the pubic bones branches are the most often injury. The limits of the fragments shift are restricted and the displacement is usually insignificant. The bed rest is prescribed within 3-4 weeks. Full restoration of the work capacity comes
In 6-8 weeks
Figure 2. Isolated fracture of the pubic bone.
METHOD OF X-RAY CONTROL OF THE POSTERIOR SURFACE OF ANTERIOR PELVIC SEMIRING 
At the fractures of the pubic bones without the displacement, or even with the insignificant displacement at men, the tactics of treatment is usual—conservative. However, at treatment of women of young, reproductive age it is necessary to be sure that the posterior (internal) surface of the anterior pelvic semiring is smooth. If the fragments of the pubic bone are displaced backwards, forming the bony prominence, then in such situation the following childbirth would be impossible. The bony prominence would affect the head of the fetus during its passing through the pelvis minor. Since on the usual radiogram, made in the anteroposterior projection the posterior surface of the anterior pelvic department is not seen, then the original technique of the X-ray control was offered. In the semisitting position, when the legs are bent in the knee and hip joints, the patient is sitting on the cassette with the X-ray film. The x-ray is directed from above — in the direction of the pelvis minor internal surface. The position of the bone fragments can be clearly seen on the received radiogram. At their significant displacement opened reposition and osteosynthesis are carried out.
Fracture of the sacral bone. Local painfulness appears in the area of the fracture and is amplifying at the turning of the patient in the bed. There can be the swelling and subcutaneous hematoma in the area of the sacral bone. The line of the fracture is defined by the combined manual research — external and through the rectum.
The diagnosis is proved by the radiography. The treatment is conservative — the bed rest on the back up to 6 weeks. It is recommended to apply the local or parasacral
Novocain “blockades”.
Fracture and dislocation of the coccygeal bone. In the area of the coccygeal bone appears the sharp pain and edema of the tissues which increases at sitting. The combined finger research through the rectum the clinical diagnosis is specified. In addition the radiography is made in two projections. Fresh dislocations of the coccygeal bone are repositioned under local anesthesia. Chronic dislocations of the coccygeal bone, accompanied by the coccygodynia (strong neuralgic pain) and difficulty of defecation act, it is treated operatively. It is recommended to remove the coccygeal bone.
COMPOUND FRACTURES OF THE PELVIC BONES
Fractures of the pelvic ring are referred to the severe kinds of the injury and are often accompanied by the shock, retroperitoneal hematoma and wound of the pelvic organs. They are often ended by the death or lead to the persistent disability. The main reason of patients death in the nearest hours after the trauma is the traumatic shock aggravated by the voluminous intrapelvic bleeding. The shock, according to the data of L. G. Shkolnikov, is observed in 37 % of cases at fractures of the pelvic bones.
Unilateral fracture of the pubic and ischial bones (fig. 3) is the result of the lateral compression. The patient is lying on the back, the legs are bent in the knee and hip
(Figure4) Isolated fracture of ischial bone on the right side
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joints and are pulled apart. There is a
morbidity, edema and the hemorrhage above
the inguinal ligament, as well as lower than it.
The positive "stuck heel" sign is often defined
on the injury side—the patient cannot lift the
outstretched leg. These fractures occur with
or without the small displacement of the bone
fragments. The bed rest on the back is
prescribed during the period of 5-6 weeks.
The leg on the side of the injury is on the
Figure 3. Unilateral fracture of the pubic and ischial bones.
Busier frame with the traction, the pillow is
put under the knee in the form of the cushion.
The patient is strictly forbidden to lay on the side in order to prevent the increase of the
lateral compression of the pelvis. Work capacity is restored in 8-10 weeks. At the fractures
with the displacement of fragments the constant traction is applied. The wire is put through
the tuberosity of the tibia on the side of the pelvis injury. The applied load is 7-8 kg. During
the period of traction (5-6 weeks) the curative gymnastics is prescribed. The patient is
allowed to walk in 6-7 weeks. Work capacity is restored in 8-12 weeks.
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Double fracture of the anterior semiring of the "butterfly1'type'(fig. 5). Such
fracture is often accompanied by the injury of the urinary bladder or the urethra avulsion.
The trauma of the hollow organs is made by the sharp bone splinters. The fractured anterior
part of the pelvic ring displaces backwards. The patients are often admitted in the state of
shock. The position of the patient is involuntary on the back with the bent and pulled apart
legs. Active movements in the lower extremities are complicated. The positive "stuck heel"
sign is defined from the both sides. The soft tissues in the right and left inguinal areas are
edematous. Not sharply expressed muscles tension is defined at the palpation of the
abdominal wall basically on the side of the hemorrhage. John's symptom — flattening in
the sloping places of the stomach, not
disappearing at the change of the
position by the patient is observed. The
shock state at the fracture of the pelvis
is always complicated by the voluminous
blood loss with the formation of the
hemorrhages in the pelvic fat
retroperitoneal hematomas. The bleeding
ran renew at putting the patient to the
other place and insufficiently careful
nxnmination of the patient. At the
of the retroperitoneal
Figure 5, Double fracture of the anterior
                                                                                 semiring of the "butterfly" type.

and others do not recommend to introduce the antishock liquids. These solutions temporarily raise the arterial pressure and promote the amplification of the bleeding. Reliable means of struggle against the shock are the intrapelvic anesthesia by Skolnikov-Selivanov and drop-by-drop intravenous introduction of blood.
The intrapelvic anesthesia is the reliable method of struggle against the pain and reflex disorders at fractures of the pelvis. It raises the pressure in the retroperitoneal hematoma and by that promotes the stop of the bleeding from bone veins, where the pressure id much lower, than in the general venous system. The method of anesthesia recommended by the authors is technically simple and can be carried out in any medical establishment.
Technique of intraosseous anesthesia of pelvis
After the preparation of hands of the surgeon, surgical field and anesthesia of the soft tissues, the needle with the mandrin is introduced into the crest of the iliac bone, perpendicularly to its plane, 1,5-2 cm backwards from the upper anterior spine. Then not less than 60 ml of 0,5 Novocaine solution is slowly injected through the needle. At the bilateral and vertical fractures of the pelvis the Novocaine is introduced from both sides. The intraosseous anesthesia of the pelvis, rendering the marked antishock effect, should be carried out under the control of the arterial blood pressure.indices, pulse and breathing. At severe degrees shock, the Novocaine solution should be infused repeatedly after the operations on the pelvic bones and hip-joints. The needle, introduced into the crest of the iliac bone for the intraosseous anesthesia, may be also used for the infusion of different pharmaceutical substances, antishock fluids and for the blood transfusion if necessary.
Technique of anesthesia by Skolnikov-Selivanov-Tsodyks. The position of the patient is the same, on the back. The skin in the anterior upper spine of the iliac is oiled with the iodine alcoholic solution. With the thin needle the part of the skin of 1-2 mi with the 0,25% Novocaine solution 1 cm inwards from the anterosuperior spine. Then the 14-15 cm needle on the syringe with the Novocaine is put under the spine through the anesthetized part of skin from the front and then back with the section to the internal surface of the iliac bone. It is necessary to move the needle backwards with the depth of 12-14 cm when introducing the Novocaine solution. The movement of the needle should be preceded by the introduction of the Novocaine solution stream and it is necessary to feel the nearness of the iliac bone. When carrying out the mentioned technique the end of the needle appears to be in the internal iliac fossa where the 0,25% Novocaine solution
is introduced.
At the unilateral fracture the Novocaine solution is introduced at the side of the fracture in the quantity of 400-500 ml, and at the bilateral — 250-300 ml from each side. At open fractures with the injury of the pelvic organs it is recommended to add the antibiotics of the wide spectrum of action to the introduced Novocaine solution.
After the anesthesia and other antishock actions are carried out the constant skeletal traction by both lower extremities in position of bending and abduction is imposed. The

load of 8-10 kg on each side. The curative gymnastics is prescribed from the first days. The skeletal extension proceeds up to 8-10 weeks. In 2,5-3 months the patient is allowed to walk. Work capacity is restored in 3-5 months and it depends on the character of fracture, age of the patient and his profession.
Double vertical fracture of the posterior and anterior semiring of the Malgen type. The condition of patients is severe, rather often the shock is developing. Active movements by the lower extremities are complicated, passive — are not very painful. At the palpation of the pubic and sciatic bones branches and also of the sacroiliac joint appears the local morbidity. At the unilateral vertical fracture of the pelvic ring the external part of the injured half of the pelvis displaces upwards. Measurement from the xiphoid process to the upper anterior iliac spine confirms the shortening of the length on the side of the injury. Other symptoms occurring at the injury of the pelvic ring are described in the section "Fractures of the anterior semiring". Double vertical fracture of the pelvis is often complicated by the extensive retroperitoneal hematoma and injury of the genitals.
Rupture of the urinary bladder and urethra at the fractures of the pelvis occurs often. The retroperitoneal injuries of the urinary bladder are observed seldom. The retroperitoneal ruptures of the urinary bladder are accompanied by false calls for the urination. The urinary bladder above the pubis is not contouring. While examining the patients with the fractures of the pelvis, first of all, it is necessary to offer to the patient to urinate. If the urine is secreted normally with the usual color, then there are no injuries of the urinary bladder and urethra. At the absence of urine secretion it is necessary, observing the rules of the aseptics to introduce the catheter into the urinary bladder. Appearing of the bloody fluid in small amount under the low pressure at the fracture of the anterior part of the pelvic ring indicates the injury of the urinary bladder.
There is the irritation of the peritoneum and appearance of the fluid in the Douglas cul-de-sac at the retroperitoneal rupture of the urinary bladder, while the urinary bladder itself is empty. If urine is secreted freely, but is colored with blood then it indicates the injury of the kidneys.
The urethra is more often injured at men at the fractures of the pelvis. Ruptures of the urethra can be complete and incomplete. If there is the ischuria and the swelling in the perineum area observed then it indicates the rupture of the urethra. In these cases (he obstacle occurs at the catheterization and the blood drops are appearing through the catheter. It is sometimes possible to penetrate into the urinary bladder at the incomplete rupture. More exact method of diagnostics of the urethra and urinary bladder injuries is the contrast ascending urethra- and cystography. The degree and localization of the injury Is specified by this method. Its techniques is simple. 10-20 ml of 40 % of Sergosin with the addition of antibiotics are introduced into the urethra with the help of syringe. At the confirmation of the urinary bladder injury the operative treatment is prescribed. It is nncossary to carry out the cystotomy at the ruptures of the urinary bladder. At small hole of the urethra the constant catheter is put in. If the urethra is ruptured, it is
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Figure 6. Bilateral skeletal traction by the femoral condyles and upper anterior iliac spine at the fractures of the pelvis with the rupture and spread of the symphysis.
necessary to carry out the suprapubic section of the urinary bladder and the primary suture of the urethra. Restoration of the urethra integrity is the important action. After the operation on the hollow organs the treatment of double vertical fracture of the pelvic ring is carried out by constant skeletal traction up to 2,5-3 months (fig. 6. Work capacity is restored in 6 months and more.
Multiple fractures, ruptures of the symphysis and of the synchondrosis with the dislocation (fig. 7) is treated by the constant skeletal traction. At the
dislocations of the pelvis with the displacement of the pelvis half outwards and in more severe cases upwards R. Watson-Johns has offered the technique of the single-stage reposition on the side. He had rather persuasively proved, that the displaced pelvis is similar to the partially opened folding concha. At lying on the back both halves are pulled apart by gravity, at lying on the side — they are closing. Thus, at the dislocation of the pelvis the patient is lying on one side, both halves of the pelvis are pushed together (fig.8).
Reposition by R. Watson-Johns at the small separation of the symphysis with the subluxation is carried out into the area of the iliosacral joint without the narcosis. Narcosis or dorsal-cerebral anesthesia is prescribed at the significant displacement. The patient is put on the healthy side for the iliac bone and the greater trochanter would lie on the pelvic support and the lower extremities are kept pulled apart one above the other. In most cases the displacement is eliminated. If after the x-ray control it is revealed, that
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Figure 7 Rupture of symphysis and synchondrosis with the dislocation.
there has not come the exact closing in of the pubic bones and the upper posterior spine is still protruding then by pressure on the posterior part of the iliac bone and iliac crest it is rotated and shifted forward and downwards in the direction of the healthy half of the pelvis. Correctness of the repositioned is controlled by the radiogram. The plaster bandage of the "shorts" type with the fixation of both hip joints is imposed. The repeated radiography is carried out. The patient should stay in bed only on the side. The immobilization lasts for 3 months.
According to the data of Traumatological Centres more effective and

technically simple is the method of treatment of the pelvic ring subluxations . The patient is laid in the hammock which allows to pull closer two halves of the pelvis. After bringing the patient from the shock and stabilization of the general state, the osteosynthesis of the symphysis pubis is carried out with the help of metallic plate at men and lavsan stripe at women. Term of immobilization—3 months.
COMPLICATED FRACTURES OF THE PELVIS
Fractures of the cotyloid cavity without the displacement of bone fragments are accompanied by the disorder of active movements in the hip joint. The patient spares the leg and avoids making movements because of the pain amplification in the joint. At the fracture of the cotyloid cavity floor with the central dislocation of the femur the greater trochanter is shifted deep inwards. Fractures of the posterior edge of the cotyloid cavity are accompanied by the upper posterior dislocation.
Fractures of the cotyloid cavity without the displacement are treated by the constant traction on the frame with the load of 3-4 kg. Active movements in joints are prescribed from the first days. The traction lasts up to 8 weeks. In 10 weeks after the trauma the
Figure 8 Reposition fracture of the pelvic ring by Ganz [image: image8.jpg]




Patient  is allowed to walk, at first without load — to walk on crutches. Then by the end of the third month full load is possible. Restoration of work capacity comes in 3-4 months. Patients require long functional treatment for the prevention of the arthrosis development
in the joints.
Fractures of the cotyloid cavity with the central dislocation of the hip  when the fragments with the head are displacing into the pelvic cavity need the reposition of the fragments and reposition of the dislocation. The skeletal traction by the tibia tuberosity or by the distal metaphysis of the femur in position of the extremity abduction on the frame, the load is up to 10-12 kg. If in 2-3 days after the constant traction imposing the head is not repositioned from the pelvic cavity then additional traction by the greater trochanter with the load of 8-10 kg is prescribed. The traction is preserved up to 2,5-3 months. To walk on crutches without the load the patient is allowed in 3-3,5 months after the trauma. Work capacity is restoring in 6-8 months. A. V. Kaplan recommends to carry out the repositions of the central dislocation forcedly on the screw stretching apparatus under the narcosis with the subsequent constant traction. Fractures of the posterior edge of the cotyloid cavity with the posterior upper dislocation of the femur head are often treated conservatively. Dislocation is repositioned by Dzhanelidze or Kokher with the subsequent skeletal traction. .
In the cases when the displaced edge of the cotyloid cavity is not put into its bed after the dislocation reposition the open reposition with the fixation with its metal screws, xenograft. The xenografts are keeping the bone fragment strongly, and further they are dissolving. After the operation — the immobilization with the body cast up to 6 weeks. Active movements are allowed to be made in 1.5 months. At the combination of the pelvic ring bones fractures with the injury of the pelvis minor organs the lower laparotomy with the consequent surgical help of necessary volume is prescribed. After the normalization of the general state the adequate traumatological treatment is carried out.
Associated Injuries and Complications
Most pelvic trauma deaths are due to associated injuries and complications rather than the pelvic fracture itself. They increase mortality from 10.8% to 31.1%. In addition to increased mortality, associated injuries and complications account for greater blood transfusion requirements, longer hospital stays, and, predictably, increased costs of care. Concomitant injuries can be intrapelvic or extrapelvic in nature and include intraabdominal and pelvic organ trauma, vascular injury, head injury and other neurologic injury, and other fractures. Complications during the emergent phase of trauma and hospitalization contribute to increased morbidity and mortality. Hemorrhage is the most common com-plication during the immediate period, whereas sepsis and multiorgan dysfunction syndrome (MODS) account for most deaths within two weeks after injury.
Abdominal and pelvic visceral injuries
Abdominal and pelvic organs often injured include the diaphragm, spleen, liver, intestine, bladder, and urethra. Injuries to the ovaries, labia majora, anus, and rectum are also reported. These injuries generally require immediate diagnosis, control of hemorrhage, and surgical or radiological repair. 

Coagulopathy and vascular injury
Hemorrhage is the most significant problem associated with pelvic fracture. However, only a few individuals have osseous bleeding as a source of hemodynamic instability. Instead, hemorrhage results from intraabdominal and pelvic visceral-organ trauma and injured vasculature structures contained in the pelvis. Angiography to determine vessel injury is recommended in the presence of hypotension and hemodynamic instability when peri-toneal lavage is negative for bleeding from the spleen, liver, and other intraabdominal struc-tures. In one study, 65% of unstable patients with known pelvic fractures had pelvic-vessel injury on angiography. In another report, angiography in 35 subjects revealed that 57% had multiple bleeding sites. Damage to the internal iliac artery and its branches was associated with unstable posterior pelvic fractures, whereas pudendal or obturator artery bleeding was associated with lateral compression fractures. Management of hemorrhage includes aggressive fluid resuscitation, transfusions of packed red blood cells and platelets, and fresh frozen plasma and cryoprecipitate to replace clotting factors. When hemorrhage is due to a damaged artery, embolization is sometimes used to avert bleeding, making angiography useful not only as a diagnostic tool but as a therapeutic intervention.

Neurologic injuries
Because pelvic fractures generally result from high-impact trauma, people often sus-tain open or closed head injuries during the crash. Death due to head injury usually occurs early after impact. If the patient survives, stabilization of intracerebral hemorrhage and increased intracranial pressure, however, take priority over repair of the pelvic fracture, which may be delayed for days or weeks. Other neurologic injuries, i.e., spinal-cord, spinal nerve-root, and sciatic-nerve injuries, occur most often with unstable pelvic-ring fractures. In a study of 83 subjects with unstable pelvic-rim fractures, 21% sustained nerve damage. Thirty-seven percent of those had only sen-sory deficits, whereas 63% suffered both sen-sory and motor deficits. Early reduction and stabilization of unstable pelvic-ring fractures contribute to faster recovery and better prog-noses. However, people with injuries at L5 are less likely to gain full function.
Extrapelvic fractures
It is unlikely for bones outside of the pel-vis to escape injury when trauma results from motor-vehicle crashes and high-impact falls. Other fractures include bones of the upper and lower extremities, vertebrae, face, skull, sacrum, and ribs.

Complications
People with unstable pelvic fractures are more likely to have complications than those with stable fractures. In a study of 236 patients with pelvic fractures, 77 (32.6%) devel-oped 137 complications.3 The most common complications included thromboembolic events, infection, and pulmonary complications.

Thromboembolic complications
Thromboembolic events are the most common avoidable causes of morbidity and mortality in trauma patients. Deep-vein thrombosis (DVT) occurs in 35% to 60% of patients with pelvic trauma and pulmonary embolism in 2% to 10%, with a mortality of 0.5% to 4%. The three factors leading to thrombosis and pulmonary emboli are endothelial damage, venous stasis, and hypercoagulability. All three present with pelvic fractures. There is direct injury to the pelvic veins, release of vasoactive mediators that cause venous distention, and prolonged periods of immo-bility and venous stasis. Both proximal throm-bosis and DVT are associated with pulmonary emboli. In proximal thrombosis, thrombi most often develop in the external and iliac veins, whereas DVT involves more distal branches in the legs.

Prophylaxis of DVT is key to preventing pulmonary emboli. Standard measures include subcutaneous heparin or low-molecular-weight heparins, pneumatic compression devices on the lower extremities, and adequate hydration. Routine screening with Doppler ultrasound and placement of vena caval filters are sometimes used to prevent pulmonary emboli. Treatment options for DVT and pul-monary emboli are somewhat limited, espe-cially for the person with an associated intracerebral or uncontrollable hemorrhage in the chest, abdomen, pelvis, or retroperitoneum. Continuous intravenous infusion of heparin or subcutaneous injections of low-molecular-weight heparin are the treatments of choice. Vena caval filters are used in those for whom aggressive anticoagulation is contraindicated. Thrombolytic therapy for pulmonary embo-lism remains controversial.

Infection
Various sources of infection are associated with pelvic trauma, including perineal wound infection and abscess, osteomyelitis, pneumo-nia, urinary tract infection, muscle and skin necrosis, fungemia, and sepsis. Infectious complications often lead to MODS, necessitating a prolonged stay in the intensive care unit. Management of focal wound infections in-cludes repeated operative debridement, wound irrigation, split thickness skin grafts, and diverting colostomy to prevent fecal con-tamination. Broad-spectrum, systemic antibiotics and antifungal agents are indicated for other infectious sources. Antibiotics are ad-justed according to culture results.

Pulmonary complications
Pulmonary complications are often associated with pelvic injuries. Pneumothorax should be suspected with concomitant rib frac-tures. Adult respiratory distress syndrome re-sults from aspiration during the resuscitative phase of injury, pneumonia that develops later, or a septic or systemic inflammatory response.3 Chest tubes, mechanical ventilation, anti-infective agents, careful management of fluids, and nutritional support are important aspects of care for pulmonary complications that accompany pelvic trauma.

Long-term outcomes
Achieving desired outcomes for patients with pelvic fractures requires an aggressive, multidisciplinary approach throughout the continuum of care after injury. People with open fractures experience the most complications and have the greatest rehabilitation needs. Overall, they have a poorer recovery rate than those with closed fractures. Chronic disability, impaired role performance, and poor physical function is reported. Less often, long-term complications may include fecal and uri-nary incontinence, impotence, dyspareunia, and non-healing fractures.2
For people with closed fractures, early fixation is recommended, if possible. Fixation of acetabular fractures within 24 hours of injury has demonstrated a lower incidence of MODS and decreased length of hospital stay . Patients are more likely to be discharged home rather than to rehabilitation or skilled care and have greater func-tional outcomes and improved mobility. In a study of unstable pelvic-ring fractures repaired with open reduction and internal fixation, 76% of patients returned to work, 62% full-time. Sickness Impact Profile Scores (SIP) at one year after injury indicated that 77% of these patients had only a mild disability, while 23% had a moderate disability. These patients were allowed no weight-bearing for 3 months and required aggressive rehabilitation and as-sistance with activities of daily living. 
Management
Management of pelvic trauma begins with careful evaluation by emergency personnel of the circumstances surrounding the event. A number of essential facts should be deter-mined initially, e.g., the type of incident, on which side of the vehicle the individual was sitting during a motor-vehicle accident, and the speed of impact. Answers to these questions will direct appropriate diagnostic testing and rapid intervention. Full-body X-rays, blood chemistries, determination of hemoglobin, hematocrit, and platelets, coagulation studies, and urinalysis should be done to evaluate bleeding and organ injury. Other helpful diagnostic tests are peritoneal lavage and com-puted tomography scans. Emergency management includes efforts to control hemor-rhage and support hemodynamic stability. Ad-ministration of fluids and blood products should be aggressive. Angiography and possi-bly embolization are indicated if bleeding re-mains uncontrolled. Broad-spectrum antibiotics should be initiated. Orthopedic consul-tation and other appropriate specialists should be notified immediately. Pelvic fractures should be stabilized and fixed as early as hemodynamic and neurologic stability allows.
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(Figure 9) A method of holding a splints reduced by pins driven into the iIliac bone on each side and joined by transverse bars
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(Figure 10) X-ray film, pelvic Apparatus of External Fixation 
Fracture stabilization
Patients who sustain pelvic fractures fall into one of two categories: those who stabilize after initial fluid resuscitation and the administration of blood products; and those who fail to respond to resuscitative efforts and remain hemodynamically unstable. Patients in the first group are managed with elective orthopedic surgery in 2 to 3 days after the injury. Stable pelvic fractures are treated with bed rest, until the patient’s overall condition allows ambulation. Weight bearing may begin early in the recovery period. Repair of unstable fractures is determined by location of the frac-ture, i.e., whether it is anterior or posterior. Anterior fractures can be repaired by using an external or internal approach. Injuries in-volving separation of the symphysis pubis or open-book fractures may be reduced and stabilized by “closing the book” with an anterior external fixation frame, which is positioned around the pelvis and held in place with pins on either side. Anterior external fixation can usually be done at the bedside under local anesthesia. Internal repair is accomplished with plates and screws, which requires gen-eral anesthesia. Unstable posterior pelvic frac-tures are more complex, with multiple combinations of injuries involving different bony structures in the posterior pelvis. Fracture dislocation requires open reduction and correction of bone misalignment under general anesthesia, followed by a variety of plate-and-screw fixation techniques for stabilization. (Figure 11(
Patients in the second category are seldom candidates for acute internal fixation. Management priorities include restoration of hemodynamic stability through angiographic embo-lization, laparotomy to explore and repair sources of bleeding, and external pelvic-fracture fixation. External fixation (Figure 9) helps to control hemorrhage by reducing the volume of the pelvis, providing a tamponade effect on deep hemorrhage within the pelvis, and pro-mote clotting. Open fractures are the most devastating and present the greatest challenge to the trauma team. The patient should go immedi-ately to the operating room for exploration, control of bleeding, and repair of soft-tissue injuries. A diverting colostomy may be done at this time to prevent stool contamination of the pelvis and subsequent sepsis.
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(Figure 11) Internal fixation of pelvic fracture with plate and screw
Nursing Care
Emergency and critical-care nurses need to be skillful in their assessment of hemodynamic monitoring, determinations of organ perfusion and oxygenation, and knowledgeable about coagulopathy, blood-product administration, and signs of hypovolemic and septic shock. Expert care of the many con-comitant injuries and multisystem complications is vital to recovery in the immediate phase after injury. In addition, several needs specific to pelvic injury warrant close attention during this time.

Anterior external fixation devices remain in place for about 6 to 8 weeks. Pins and insertion sites require frequent cleaning to pre-vent infection. After open fracture repair, daily wound debridement and irrigation in the operating room is recommended for at least 4 days. Frequent dressing changes in the inten-sive care unit are important to reduce the risk of sepsis. The dressing may be held in place with an abdominal binder, as there will generally be an open, gaping wound, making it otherwise difficult to secure the dressings. The abdominal binder may also facilitate cough-ing and deep breathing and promote greater patient movement, which will help to prevent pneumonia. Tissue integrity of the colostomy should be assessed frequently due to the risk of compromised blood flow during the initial injury. A colostomy bag should be secured over the stoma with skin-protective sealant. Urinary output, an important indicator of intravascu-lar volume and organ perfusion, should be monitored closely. Hematuria should be noted, as it may signify renal or bladder in-jury. The urinary catheter should be stabilized with a catheter-securing device to prevent fur-ther trauma to the urinary meatus and bladder.

Pain management is a high priority during this time, as orthopedic injury is one of the most severe types of pain. Continuous intravenous infusion of pain medication provides a steady blood level and is generally more ef-fective in maintaining analgesia at lower over-all doses.

The patient is at risk for complications due to immobility during this relative time of prolonged bed rest, which is potentiated by poor tissue perfusion during the emergent phase of injury. The use of therapeutic beds, early provision of parenteral or enteral nutrition, and pneumatic-compression devices help to prevent skin breakdown and deep vein thrombosis, respectively. Intravenous catheters and enteral feeding tubes should be secured. A bendable armboard with soft material cover-ing can assist in securing the catheter while minimizing skin damage. Frequent site assess-ment and dressing changes are necessary to prevent infection. Bowel elimination is achieved with stool softeners, particularly when the patient receives high doses of narcotic for pain management. Once the patient is well stabilized, wound healing, oral nutri-tion, physical therapy, and general conditioning become the main concerns.

DISLOCATIONS AND FRACTURE-DISLOCATIONS OF THE HIP
Classification. Only three types of dislocation and fracture-dislocation of the hip need be considered: 1) posterior dislocation or fracture-dislocation; 2) anterior dislocation; and 3) central fracture-dislocation. All these injuries are uncommon when compared, for example, with dislocation of tin-shoulder. Of the three types, the posterior dislocation is the commonest.


[image: image12]
(Figure 12) Fracture of the acetabulum with severe medial displacement of the femoral head and acetabular floor. The main part of the weight-bearing surface of the acetabulum is impact. With traction, or failing that by operation There is no possibility of restoring smooth acetabular surface and there is nevertheless a serious risk that osteoarthritis will develop later.
Diagnosis. It is surprising, but nevertheless true, that a dislocation or fracture-dislocation of the hip has often been overlooked even by experienced Burgeons. This grave mistake is liable to be made when there are other serious injuries in the same limb—particularly a fracture of the shaft of the femur. In such a case the symptoms and signs of the shaft fracture may so overshadow those of the hip injury that neither the patient's nor the surgeon's attention is drawn to the hip. The essential safeguards against this error are, firstly, to insist always on a full clinical survey of the whole body in cases of major injury, and secondly, to make sure that the radiographs in every case of fractured femoral shaft take in the whole length of the bone and include the hip joint.
 POSTERIOR DISLOCATION AND FRACTURE-DISLOCATION
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The femoral head is forced out of the back of the acetabulum by violence applied along the shaft of the femur while the hip is flexed or semiflexed. The injury often occurs as a result of a motor accident in which the occupant of a car involved in a collision is thrown forwards and strikes the front of his flexed knee against a part of the body-work. Another common cause is a motor-cycle crash.
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(Figure 13) Posterior dislocation of the hip is usually caused by a force acting along the axis of the femoral shaft while the hip is semiflexed. Diagram showing the method of reduction, by traction upwards in the line of the femur with the hip and knee flexed 90 degrees. As traction is applied the hip is gradually rotated laterally.
In about half the cases of posterior dislocation of the hip the head of the lemur carries with it a small or large fragment of bone from the rim of the ucctabulum (fracture-dislocation). It should be noted that the sciatic nerve is almost directly in the path of displacement and may easily be damaged.
Clinical features. To remember the clinical deformity it is easiest to think of the greater trochanter as being held more or less in its normal position by the attached muscles—as if by guy ropes—and forming the centre of a new vertical axis about which the femoral head may swing
CENTRAL FRACTURE-DISLOCATION
In central fracture-dislocation of the hip the femoral head is driven through the medial wall, or 'floor', of the acetabulum towards the pelvic cavity. It differs from anterior and posterior dislocations in that the capsule remains intact; but there is inevitably a fracture of the acetabulum, usually with much comminution. This is thus a subgroup of fractures of the pelvis 
Central fracture-dislocation is caused by a heavy lateral blow upon the lemur, as in a fall from a height onto the side; or it may be caused by a longitudinal force acting upon the femur (as from a blow upon the flexed knee) while the hip is abducted. The degree of displacement varies with the hc verity of the violence. Thus in the minor varieties of the injury the femoral head and the medial wall of the acetabulum may be displaced inwards by only a few millimetres, whereas in the most severe type the innominate bone, including the acetabulum, is shattered and driven inwards together with the femoral head .
Treatment. Severe shock may demand energetic resuscitation, and the possibility of major internal bleeding should be borne in mind.
Treatment of the skeletal injury tends to be rather unsatisfactory in so far hn it often fails to prevent the later development of osteoarthritis, from roughening of the articular surface of the acetabulum. Treatment depends largely upon the degree of comminution and displacement of the acetabularfragments, and upon whether or not it is possible to restore the articular surface to its normal shape. In practice the cases thus fall into two groups: those in which the main part of the weight-bearing surface of the acetabulum can be restored to its normal position, congruous with the femoral head; and those in which this is impossible on account of severe comminution of the weight-bearing surface.
forwards or backwards. Thus in a posterior dislocation the femur—and with it the whole lower limb—is rotated medially as well as being displaced upwards . There will be true shortening of the limb, perhaps by two or three centimetres. Radiographs will confirm thedislocation and show whether or not there is an associated fracture. Careful examination should always be made for signs of injury in the sciatic nerve.
Treatment. The dislocation should be reduced under general anaesthsia as soon as possible. Reduction is usually cllcclcd without difficulty by pulling longitudinally upon the femur while the hip is flexed to a right angle and rotated laterally. Technique: The patient is placed supine, preferably on the Hoor or on a low table, and an assistant grasps the pelvis firmly through the iliac crests. The surgeon flexes the hip and knee to a right angle so that the line of the femur points vertically upwards. He then pulls the thigh steadily upwards, at the same time gradually rotating the femur laterally . After the dislocation has been reduced the limb is supported from a beam, with light traction, for three to six weeks. Meanwhile mobilising exercises for the hip and knee are begun after a few days and are gradually intensified.
Persistent displacement of acetabular fragment. A small marginal fragment from the acetabulum will usually fall back into place when the dislocation is reduced. If a large acetabular fragment remains unreduced operation is required. The fragment is exposed through a posterior incision, reduced under direct vision, and fixed in place by a screw or small plate.
Complications. These are: 1) injury to the sciatic nerve, 2) damage to the femoral head, 3) avascular necrosis of the femoral head, 4) post-traumatic ossification, and 5) osteoarthritis.
Involvement of acetabulum with subsequent osteoarthritis. 
A fracture extending into the acetabulum may leave the articular surface-roughened. The increased wear-and-tear may then lead gradually to the development of osteoarthritis of the hip.
Conclusions
Most people with pelvic fractures survive their injury. If not, death is usually due to concomitant injuries. Control of hemorrhage, infection, diagnosis and management of related injuries, early fixation of fractures, and early initiation of rehabilitation are critical to better functional outcomes for patients with pelvic fractures. Patients suffering pelvic injury require a coordinated effort by numerous healthcare professionals throughout the trajectory of care, beginning with the trauma team in the field, continuing with the rehabilitation team to discharge, and beyond, as outpatient rehabilitation continues for weeks or months. With early intervention and prevention of problems through collaborative ef-forts, patients with pelvic fractures can achieve optimal functional outcomes and return to the community.

.
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TEST QUESTIONS FOR FINAL ASSESSMENT
1. Mechanical origin and classification of fracture of pelvis. 

2. Features of collapse and tissue hemorrhage in fracture of pelvis and their treatment.

3. Technique of intrapelvic blockade according to Selivanov-Shkolnikov. 

4. Clinic, diagnosis and treatment of marginal fracture of pelvic bones. 

5. Clinic, diagnosis and treatment of pelvic fracture with damage to integrity of pelvic ring. 

6. Clinic, diagnosis and treatment of pelvic fracture without damage to pelvic ring integrity. 

TEST QUESTIONS
A patient has simple superior pubic spine fracture without bone fragments displacement. The trauma was due to a knock.

What is the appropriate treatment method?

A. Skeletal extension.
B. Fixation by plaster bandage.
C. Operative (metallicosteosynthesis).
D. Immobilization of extremity by functional splint.
E. Fixation by pelvic orthesis.
A patient was hospitalized to traumatology center because of pelvis trauma. 

On examination, there is the vertical left Malgen’s fracture with bone displacement and the traumatic shock II stage.

Select the anaesthetic method.

A. Epidural anesthesia.
B. Nonnarcotic analgetics.
C. Anesthesia by Selivanov-Shkolnikov.
D. Narcotic analgetics.
E. Suppositories with analgetics.
A patient tried to jump over hole, but was afraid and suddenly stopped. The pain originated in the left inguinal region. The patient could move without assistance only by back forwards.

On examination: there are edema and hemorrhage in region of front part of left iliac bone. There are palpatory tenderness and crepitation in that region.

Establish the presumptive diagnosis.

A. Wing of ilium fracture.
B. Horizontal pubic branch fracture.
C. Vertical pubic branch fracture

D. Superior pubic spine fracture.
E. Thigh quadriceps injury.
A patient was hospitalized to traumatologic center. The trauma was due to a car crash.

On examination: there is the pubic bone and ischial bone fracture without bone displacement.

What is the appropriate treatment method?

A. Skeletal extension by left leg.
B. Immobilization in bed by Volkovich.
C. Skeletal extension by both legs.
D. Fixation in hammock.
E. Operative method (metallicosteosynthesis).
A patient was treated for 7 weeks by Hammock because of symphysis rupture. There was pain in region of symphysis pubis at dosated physical load. The diastase between the pubis bones are 2.5 cm on control radio​grams. 

What is the future treatment strategy?

A. To continue the term of fixation by hammock.
B. To apply the skeletal traction.
C. To apply fixation by pelvic jacket.
D. To apply fixation by core apparatus.
E. Operative method (metallicosteosynthesis).
A patient was knocked by a car. The patient complains of pain in groin and impossibility of movements.

On examination: the pelvic configuration is not impaired. There is edema in pubic and left inguinal regions. There is palpatory tenderness in these regions. Crepitation is absent. There are positive Larey’s and “adhering heel” symptoms.

Establish the presumptive diagnosis.

A. Ischial bone fracture.
B. Superior spine of ischial bone fracture.
C. Horizontal branch of pubic bone fracture.
D. Bottom of acetabulum fracture.
E. Injury of pubic symphysis.
A patient had the vertical left pelvis Malgen’s fracture with displacement to a length of a 3 cm.

What is the appropriate treatment method?

A. Skeletal traction by left leg.
B. Immobilization in bed by Volkovich.
C. Fixation by pelvis jacket.
D. Fixation in hammock.
E. Operative method (metallicosteosynthesis).
A patient was hospitalized to traumatological center because of bottom acetabulum fracture without central thigh dislocation. The congruence of articular cavity is retained.

Select the appropriate treatment method.

A. Skeletal traction on extremity axis.
B. Immobilization in bed by Volkovich.
C. Fixation by pelvic jacket.
D. Fixation by plaster bandage.
E. Immobilization of extremity by functional splint.
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