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Handout of 
forensic medicine

Medical Ethics
The Duties of Clinical Care members (Bioethical Principles):

A. Respect Autonomy (free decision):

This means respecting the patient to make his autonomous choice. The patient must indicate his approval and willingness to accept proposed treatment. It also requires decision-making capacity: 
Capacity: Is the ability of an individual to weigh up information, compare   and choose. 

Competency: Is a legal term means the ability of the person to perform a legally recognized act 

The respect for the patient autonomy and dignity leads to two further rights – informed consent and confidentiality.
B. Protect life and health: Clinicians should practice medicine to high standard actions intended to benefit the patient or others 
C. Fairness &Justice: This is concerning about fairness in the distribution of medical services. 

D. Compassion: Is the understanding and concern for another person’s distress, it is essential for the practice of medicine.
Doctor’s Responsibilities:

1) Duty to patient.

2) Duty to public at large (community).

3) Duty towards law enforcers.

4) Duty towards his profession

5) Duty to his colleagues and other health profession.

1) Duty to The Patient: The physician owes the duty of:
· Care to a patient using skill, and knowledge in a perfect manner to achieve the best benefit to the patient.
· Disclose all information to the patient 
· Treating the patient with compassion and respect.
· Supporting the dignity of all persons and respect their uniqueness.
· Treating all patients equally and fairly, especially in scarce resources.

· Fidelity, honesty and lack of self-interest to his patient

· Telling the truth to the patient and must act all times in the best interest of the patient. 

Physician - Patient Relationship:

The patient-physician relationship entails special obligations for the physician to serve the patient's interest because of the specialized knowledge that physician's hold and the imbalance of power between physicians and patients. 
Initiating and Discontinuing the Patient-Physician Relationship

In the absence of a pre-existing relationship, the physician is not ethically obliged to provide care to an individual person unless no other physician is available, as in the case of isolated communities or when emergency treatment is required. Under these circumstances, the physician is morally bound to provide care and, if necessary, to arrange for proper follow-up. Physicians may also be bound by contract to provide care to beneficiaries of participating health plans. 
Abandonment: It is defined as the improper unilateral termination of the relationship. 

Confidentiality (professional secrecy):

Confidentiality shows a respect for an individual's autonomy and their right to control the information relating to their own health. 

Breaking or breaching Confidentiality:

In some cases, the doctor may, at their own discretion, decide to disclose information about his patients. 
1. Upon the patient's request: 
2. In case of expert witness: 

3. For the sake of the patients: 

4. For the sake of the community: 

5. For the sake of the doctor: 

6. Past criminal and violent behavior that has resulted, 
Consent and Informed Consent:

Consent is defined as: Deliberate and voluntary assent or agreement to some act or purpose, implying physical and mental power and free action.
Types of consent:

a) Implied consent 
b) Expressed consent
c) Informed consent 
Elements of valid informed consent

1. Consent by a competent adult.

2. Consent by parent /legal guardians 

3. With free will (voluntariness), 
4. Comprehension of the given information.
5. The patient acknowledgment of understanding and consent before the intervention/treatment proceeds.

Consent is considered invalid in the following situations:

1. If the act consented to is illegal 

2. Consent given by one who had no legal authority to give

3. Consent induced by misrepresentation or fraud

4. Consent given by legally incompetent person. 

2) Duty to Public:

· Medical help when natural disaster 
· Medical help during train accidents.

· Compulsory notification of births, deaths, infectious diseases, food poisoning etc.
· Help victims of house collapse, road accidents, fire etc
· Duty to attend emergency and give first aid at least.

· Report to the competent medical authority any suspicion of an epidemic.

3) Duty towards law enforcers (Police): Inform police in all cases of:

1. Injury, illegal abortions, suicide, homicide.
2. Poisoning
3. Burns.
4. Battered child cases.
4) Duty to his profession: 

The physician should:

a)  Maintain the honor of the profession through taking care for his personal conduct and appearance.

b) Adopt lifelong learning.

c) Refrain from any act or conduct that would infringe his honesty and integrity when dealing with a patient.

5) Duty to other physicians:

· He should acquire sufficient degree of respect to his colleagues, should not diminish their capabilities.

·  Replacing another colleague in the treatment of a patient.

· He should treat his colleagues or their relatives without fees except for needed investigations.

Ethical and legal issues in medicine

1. Assisted reproduction 

2. Gender correction procedure

3. Organ transplantation

4. Terminal incurable diseases and dying patients

Medical Certificates

A physician can, and should not refrain to, give his patient a certificate regarding his condition of his own use but not on request of people other than the patient himself (wife or husband).

Medical Malpractice

Definition of Malpractice: is a legal suite against physician as a result of failure to follow the accepted standards of practice of his profession, resulting in harm to the patient. 
Medical malpractice can result in serious personal injury and/or wrongful death,. Signing a physician's consent form does not mean you consent to substandard medical attention. 

Professional Misconduct: 

At all times a medical practitioner is expected to comport himself with a high sense of decorum in public and private matters. 

Guides for Professional Conduct 

[1] Advertising

[2] Association 

[3] Addiction 

[4] Adultery 

Medicolegal Aspects of Death

Death: Is defined as the cessation of physical life in a living organism.
Clinical death or Somatic death: Is defined as complete and irreversible cessation of all body functions including circulation, respiration and brain function 
Brain Death: 

It is defined as a complete and irreversible cessation of brain activity or function, including brain stem. Evidence of irreversibility is required. 

Molecular Death:

It is defined as "the death of individual organs and tissues of the body consequent upon the cessation of circulation". 

 Molecular life:

It is the period between somatic & cellular death. Although life ceases in the body, it persists in its components such as the tissues & cells that respond to physical, chemical or thermal stimuli. 

MLI of molecular life: 

Organ Transplantation could be carried out only during the period of molecular life. The liver should be taken within 15 min. after death, the kidney within 45 min., the heart within 60 min and cornea up to 6 hours.

Suspended Animation: (Apparent death):

It is a condition in which signs of life are not found as the vital functions are temporarily interrupted or reduced to minimum. However, life continues, and resuscitation is successful in such cases. It may occur under certain specialized conditions for example drowning or hypothermia.

Persistent Vegetative State (PVS):

It is a condition of patients with severe brain damage in whom coma has progressed to a state of wakefulness without detectable awareness. It is also known as cortical death.
Criteria of PVS

1. Patients often open their eyes.

2. They may experience sleep-wake cycles or be in a state of chronic wakefulness.

3. They are unresponsive to external stimuli, except, possibly, pain stimuli.

4. They may exhibit some behaviors that can be construed as arising from partial consciousness, such as grinding their teeth, swallowing, smiling, shedding tears, grunting, moaning, or screaming without any apparent external stimulus.

Diagnosis of death: 

1. Cessation of respiration

2. Cessation of circulation

3. Unresponsiveness

4. Primary flaccidity

5. Contact flattening

6. Changes in the skin

7. Changes in the eyes: 
-Opacity of the cornea ((2hours after death).
-Flaccidity of the eyeball (↓ IOP, starts 30 min after death).
-Dilated pupil.
-Retinal vessels show fragmentation of the blood column (starts 15 min after death).
-Tache noire: brownish discoloration of exposed sclera due to accumulation of cellular debris and dust. 
8. Absence of cerebral and brain stem functions. 

Brain stem death

The cerebrum is intact; however, the cerebral functions are cut off by the brain stem lesion.

Criteria for diagnosis of brain death:

· Absent light reflex. 

· Absent corneal and gag reflex.

· Absent facial or tongue movement.

· Absent cough reflex: A suction catheter is introduced into the endotracheal or tracheostomy tube to deliberately stimulate the carina. The patient is closely observed for any cough response or movement of the chest or diaphragm.

· Absent brain stem functions:

a. Absent vestibulo-ocular reflex 
b. Absent oculo- cephalic reflex (Doll’s eye phenomenon)
c. Apnea Test 
Confirmatory Tests  

· Flat EEG (at least 10 min).

· No cerebral circulation present on angiographic examination.

· Nuclear brain scanning: Brain death confirmed by absence of uptake of isotope in brain parenchyma and/or vasculature, (hollow skull phenomenon).

Precautions in Diagnosis of Brain Death:

1) Nature of coma must be known: Known structural disease or irreversible systemic metabolic cause that can explain the clinical picture.

2) Some causes must be ruled out: 

· Body temperature must be above 32° C to rule out hypothermia. 

· No chance of drug intoxication or neuromuscular blockade. 

· Patient is not in shock.

3) There should be no change in any of the above tests i.e. vestibulo-ocular, oculo-cephalic, and apnea test, when repeated after 24hrs.

Sudden Unexpected Natural Death

This is unexpected death of apparently healthy individual, or death within 24 hours of a terminal disease. Sudden death may occur as a result of:

1. Trauma: Head injury, burns, electric shock.

2. Poisoning: CO, insecticide, narcotics or hypnotics.

3. Disease (Natural death): When a rapid termination of life develops in clinically silent patient (e.g. hypertension, atherosclerosis, brain abscess aneurysm).

Causes of sudden death:

Cardiovascular causes:

Respiratory causes:

Central nervous causes:

Postmortem Changes

Medicolegal significance of postmortem changes:

1. An estimation of the time since death can be made by observing the extent by knowing the rate at which that change has progressed.

2. Some of the changes which occur after death can be mistaken by the inexperienced for injuries sustained before death.

3. The decomposition process may alter or obliterate true antemortem injuries, making determination of the cause of death difficult.
Primary flaccidity

Is defined as the complete relaxation and loss of both tone & reflexes of voluntary and involuntary muscles immediately after death and remains till the onset of postmortem rigidity.

Contact flattening

- Is the flattening of the convex parts of the muscles compressed against flat surface.

- It is due to the effect of the body weight, loss of muscle tone, and loss of elasticity after death.

Ocular changes

Reflexes

Loss of corneal and light reflexes immediately after death.

Sclera

Shows “Taches Noire” which is brownish black discoloration that occurs due to accumulation of cellular debris & dust on the sclera when the eyes remain opened for few hours (3–4 hours).44
Cornea

Loss of the clear glistening appearance & the cornea becomes dry, cloudy and opaque (2 hours).

Pupils

The pupils usually assume a midsized dilate position, which is the relaxed neutral position of the papillary muscle. With the development of rigor mortis the pupils become constricted & lastly they become dilated again with the development of 2ry flaccidity.

Intra-ocular pressure (IOP)

The eyeball feels progressively softer within minutes due to drop of IOP. The normal intra-ocular pressure is (10 – 20 mm Hg), this pressure drops to its half at the time of death & becomes nil by 2 hours after death.

Fundus

- Pallor of the optic disc.

- Segmentation of retinal vessels that occurs within 15 min of death (one of the earliest positive signs). 

Skin Changes

- After death, the skin becomes pale.

- The skin loses its elasticity leading to absence of P.M. gaping of wounds.

- It loses its translucency due to absence of circulation (the webs of the fingers are opaque to transillumination).
Postmortem Cooling

Rate of cooling: Heat loss occurs only on the body surface and the core heat (visceral temperature) from the interior can reach the body surface only by conduction so the fall of internal body temperature is delayed for about 45 minutes till the establishment of a temperature gradient towards the surface and may thus remain unchanged for some time (1-2 hours after death). 

Thereafter, body temperature drops approximately 1.5 degrees per hour. In any case, body temperature will usually approximate that of the environment within 12-18 hours.

Factors Affecting Postmortem Temperature Decline: 

Normal body core temperature is 37.2°C.

Delayed Rate of cooling:
1. Conditions which increase body temperature include: intense physical activity, drugs (e.g. cocaine), and fever due to natural illness, heat stroke, some infections, and pontine hemorrhage.

2. Increased humidity.

3. Increased environmental temperature.

4. Insulation: This means clothing, body wrappings, or even body fat.  Accelerated rate of cooling:

1. Low body temperature prior to death e.g. hypothermia, congestive cardiac failure, massive hemorrhage, and shock. 
2. Dry environment.  

3. Ventilation: A well-ventilated environment will speed the rate of cooling; this would increase evaporation as well as increase heat loss through convection. 

4. Low Environmental temperature: The colder the environment, the more rapid the cooling. A cadaver cools more rapidly in water than in air because water is a far better conductor of heat.
Hypostasis 

(Livor Mortis) or Postmortem Lividity

Definition: Lividity is a dark purple discoloration of the skin. 

Cause: It is due to the gravitational pooling of blood in the veins and capillary beds of the dependent parts of the body following cessation of the circulation. 

Onset: The process begins immediately after the circulation stops, becomes visible 1hr, pronounced within 3 hrs as mottled patches and completed in 8hrs after death.

Medicolegal Importance of Lividity

1.Estimation of time of death from its extent: 
· Visible 1 hour after death as dull red patches which deepen in intensity and coalesce. 

· It becomes well developed within 3 hours as mottled patches. 

· Is maximally developed and fixed at 8 hours following death.

·  The blanching of postmortem lividity by thumb pressure indicates that the lividity is not fully fixed.
2.It may denote the cause of death:

a-From Its color:

· Red-pink color. In case of deaths from exposure to cold, cyanide and carbon monoxide intoxication 

· Brown color due to methemoglobinemia (usually associated with overuse of certain drugs e.g. nitrites, nitrates phenacetin).
· Typical purple lividity in case of refrigeration of a body.
· Deep blue: in asphyxial death. 
b-From its extent and distribution: 

· ill-defined in severe hemorrhage.

· Marked in case of asphyxia.  
2. It may denotes repositioning the body, e.g. if the body moved from the prone to the supine position within the first six hours after death, this will result in a dual pattern of lividity, since the primary distribution will not fade completely. 
Rigor Mortis
Definition: Rigor mortis is a gradual stiffening of the body's musculature which occurs after death. It does not involve any significant shortening of the muscle fibers. It is not a permanent change; under usual conditions, rigor mortis disappears by 48 hours after death.

· Mechanism: It results from chemical changes involving muscle proteins (actin and myosin). Normally, ATP inhibits the fusion of actin and myosin. Rigor mortis occurs because metabolism continues in muscles for a short while after death. (ATP) is produced from the metabolism of a sugar compound called glycogen. ATP is a principal energy source for muscular activity. As the store of glycogen is exhausted, ATP can no longer be made and its concentration decreases, leading to the formation of abnormal links between actin and myosin. The abnormality produces the stiffening of the muscle, which persists until the links are decomposed.
Medicolegal importance of rigor mortis:

1. Sure sign of death

2. Estimation of time of death by the distribution and degree of rigor. In an average person at ordinary room temperature, rigor usually becomes apparent 2 hours after death. It is usually completed 12 hours after death. It begins to go away 18 hours after death, and usually disappears 24-48 hours after death 

3. Denotes that the body was moved after death (how? if rigor is developed in a body, but the position of the body is not consistent with the scene, then one can conclude that the body was moved after death). 

Factors affecting rigor mortis: 

1- Effect of temperature: In cold weather, rigor is delayed in onset and offset while in hot climate it is rapid in onset and of short duration 

2- Muscle bulk & age: Rigor is more rapid in onset & offset and of short duration in less developed body musculature 

3- Muscle activities before death (cause of death): Convulsions and exertion before death e.g. in electrocution, strychnine, tetanus, exercise or violence are usually followed by rapid onset and offset of rigor mortis (depleted ATP). 
Conditions Simulating Rigor (D.D.):

1. Cadaveric Spasm (instantaneous rigor):

This is a rare form of muscular stiffening which occurs at the time of death (Instantaneous). It usually affects groups of muscles in the arms. It is due to extreme nervous tension.
MLI of cadaveric spasm:
· It records the last act of life (e.g. tight clutching of a knife).

· It is an antemortem phenomenon. i.e. the person was alive. 

· It cannot be reproduced after death by placing a weapon in the hands.

2. Heat stiffening: 

It is due to coagulation of the muscle proteins. This process is seen in fire deaths and involves actual cooking of the muscle fibers. Because the fibers shorten, one sees a typical "pugilistic" appearance. Heat stiffening obscures rigor mortis.

3. Cold stiffening: 

Fat and muscle become solid at low temperatures. As temperature rises, tissues become soft again then rigor mortis occurs. 

Secondary Flaccidity

With the development of 2ry flaccidity, the muscles become soft and flaccid once again, but do not respond to mechanical and electrical stimuli. This stage is synchronous with the onset of putrefaction.
Putrefaction

It is the process of decomposition of soft tissues resulting in resolution of the body from organic to inorganic state.

Mechanism: 

1. Autolysis:

Certain enzymes are released from the tissue cells after death causing liquefaction of the body tissues. 

2. Bacterial action:

Bacteria frequently found in the tissues and normally present in the respiratory or intestinal tracts commonly aerobic bacteria. 

Medico-legal importance of putrefaction: 

1- It is a sure sign of death. 

2- It can be used for estimation of the PMI.  

● After 1 day in summer or 2 days in winter, (color changes):

- The first external sign is greenish discoloration of the right iliac region over the caecum (fluid faeces, full of bacteria and the caecum lies superficial).  

- Arborization (marbling) of blood vessels on the root of the neck, over the shoulder and on the groin. This occurs due to the distension of veins by putrefactive gases and bluish to green discoloration by altered blood (sulph-Hb). 

● After 2 days in summer:

Bloating of the face and trunk occur.
● After 3 days in summer or 1 week in winter (mainly gas formation): 

- Spread of green discoloration and arborization over the whole body.

- Distension of the abdomen and genitals. 

- Formation of gas filled skin blisters.

- Swelling of the face with protrusion of the tongue & eyeballs. 

- Coarse, foul smell, bloody froth comes from the mouth & nostrils. 

- Blurring of features and discoloration make identification very difficult even by near relatives. 
● After 1 week in summer or 2 weeks in winter: 

- Peeling of the epidermis with falling of hair & nails.

- Bursting of the abdomen and the viscera are liquefied to a dark doughy mass.  

- Eggs of flies laid at body orifices will hatch into larvae. 

● After 6 months: 

- All soft tissues are liquefied and percolate to the surroundings and to the ground. 

- Bones attached by ligaments are left (avascular structures).

● After 1 year:

Separate bones become lighter, whiter less smelly & more brittle.

Factors Affecting Development of Postmortem Decomposition:
a- Medium in which the body is buried or found e.g. the body is in the open, in water, or buried. Bodies in air will decompose more quickly, and buried bodies more slowly (rule of thumb: 1 week in air = 2 weeks in water = 8 weeks in ground) given the same environmental temperature.

b- Environmental temperature and humidity: Optimal temperature 20-40oC ( >50 oC & <10 oC putrefaction is slowed) 

c- Age: It tends to be more rapid in children than in adults, 

d- Cause of death congestive cardiac failure and sepsis increase the rate of decomposition. Putrefaction will be delayed in deaths from hemorrhage and dehydration.

e-  Clothing: Heavy clothing accelerate the rate of putrefaction 

f-  Fat and water content of the body: obesity& edema and sepsis increase the rate of decomposition.

Conditions replacing putrefaction

Mummification

Mummification is a modification of putrefaction characterized by the dehydration or desiccation of the tissues. Mummification occurs when a body dries out either by natural or artificial means, as with Egyptian mummies. This occurs when the ventilation is good, and the environment is dry and hot. Early mummification can be seen after about 1 week on exposed fingers, hands, and toes. If left undisturbed, the process will be completed in 3-6 months. 
Forensic Importance of Mummification 

· Aids in personal identification due to preservation of tissues.

· Recognition of injuries. 

· Estimates postmortem interval. 
Adipocere Formation

(Saponification)

It is a modification of putrefaction characterized by the transformation of fatty tissues into a yellowish-white, greasy, (but friable when dry), wax-like substance, with a sweetish rancid odor, when it is completed. A warm, moist, anaerobic environment thus favors adipocere formation. Adipocere develops as the result of hydrolysis of fat with the release of fatty acids which, being acidic, inhibit putrefactive bacteria. It most commonly involves the cheeks, breasts and buttocks. Rarely, it may involve the viscera such as the liver. Adipocere may be apparent to the naked eye after 3 weeks and is usually completed within 6 months after death.

The Medico-Legal Importance of Adipocere:

· Establishing time of death. 

· Aid in personal identification due to its ability to preserve the body.

· Recognition of injuries.

· Denotes submersion into water. 

Maceration

Maceration is the aseptic autolysis of a fetus which has died in utero and remained enclosed within the amniotic sac. Bacterial putrefaction plays no role in the process. The changes of maceration are only seen when a still-born fetus has been dead for several days before delivery. Normally the changes take about one week to develop. 

The body is extremely flaccid with a flattened head and undue mobility of the skull. The limbs may be readily separated from the body. There is large moist skin bullae which rupture to disclose a reddish-brown surface denuded of epidermis. Skin slip discloses similar underlying discoloration. The body has a rancid odor but there is no gas formation. 

Identification
Types of identification:

1- Legal identification:

It is complete description of an unknown dead body in order to know the identity of this person later.

2- Personal or civil identification:

It is recognition of a dead body or living person by his relatives, friends or witness, in front of civil courts e.g. in inheritance, missing persons, disputed paternity.

3- Criminal identification:

It is the job of the police. It comprises dactylography, photograph, lip prints and footprints and by DNA. It is required in cases of murder, rape, impersonation, interchange of newborn.

Identification may include:

I- Identification of a living person.

II- Identification of a dead body or parts of it.

III- Identification of bones.

I- Identification of the Living

Methods of identification:

1. Personal (visual) identification:         

Personal impression depends on features such as hair, moustache and beard, all of which can be changed easily. Plastic surgery can easily alter other features. Witness in court may be asked to point out the accused. 

2. Photography (e.g. ID card or driver's license):

Profile and face view are needed. It is more useful in identifying the living than the dead.

3. Anthropometry: Various body measurements e.g. Stature, span, head dimensions, etc.
4. Handwriting: 
Possible for experts to identify a person (or detect forgeries). Methods used include photographic enlargement, analysis of ink, and analysis of paper. 

5. Fingerprints (Dactylography) "applied by the police": 

Fingerprints may present one or more of the following forms: 
1) Arches (6%)

2) Loops:
a- radial (3%)

b- ulnar (65%)

3) Whorls (25%).

4) Composite (1-2%).

MLI of Finger prints: 

- Finger print is developed at the 16th weeks intrauterine and remains constant for life. 

- The pattern is individual even in uniovular twins. 

- Finger prints are present in both epidermis and dermis 

- Permanent loss to finger prints may occur in Leprosy, amputated fingers, surgical removal, deep burns, deep corrosives or laser. 

6. Foot Print (Sole Print):

MLI of foot print:

· Congenital anomalies (flat foot, extra toe…).

· Sole prints of newly born infants are taken in maternity hospitals to prevent mixing.

· Tracers can follow the pathway of the thieves or missed people by tracing their footprints or shoe prints on the ground.  

· Distance between 2 prints gives an idea about the height of the person.

· Running is indicated by the presence of   impression of anterior part.

· Carrying heavy object is assumed when deeper impression appears on one side.

· Wearing shoes ( pattern of the shoe and its brand can help in identification.

II- Identification of the Dead Bodies

1. Dead and un-mutilated body: 

Primary Physical Characteristics (characteristics which are very difficult for a person to change during life)
· Sex: Usually obvious except in case of transvertees, hermaphrodites. 

· Age: External appearances, internal degenerative disease, bones, joints. 

· Height or stature. 

· Weight - corpse often appears of different build to that in life. 

· Race. 






· DNA.

Secondary Physical Characteristics (characteristics which can change during life, either deliberately by deceased or as a result of medical/dental interference).

2. Mutilated body: e.g. gravely injured or mutilated body or groups of bodies found in mass disasters (aircraft crash, fire, bomb explosions). The identification process can be divided into tow categories, presumptive and positive. 

· Presumptive including visual, anthropometric, personal data (race, sex, age, blood groups, hair color and style, eye color, tattoos & scars). The presumptive information usually identifies the victim as a member of a sub group of the population rather than a unique individual. 

· Positive identification is a legal identification based on comparison of pre and postmortem information, including dental examination, fingerprints, palm prints, footprints, or DNA profiling. All other means of identification are considered. 

III. IDENTIFICATION OF BONES

Identification of sex from bones (after puberty)

* SKULL 

	
	Male
	Female

	· General.

· Parietal eminence.

· Superciliary ridges.

· Frontonasal angle.

· Occipital condyles.

· Mastoid process.

· Styloid process.
	Big and heavy.

Well marked.

Prominent.

Angular.

Long and narrow.

Long and bulky.

Long.
	Small and light.

Less marked.

Less prominent.

Smooth curve.

Short and broad.

Short and small.

Short.


* PELVIS :

	
	Male
	Female

	· Subpubic angle

· Iliac crest

· Sacrum

· Obturator foramen

· Acetabulum

· Grater sciatic notch
	Acute

High arched

Long, narrow and curved 

Oval

Wide and deep

Deep & narrow
	Obtuse.

Less arched

Short, wide and straight

Triangular

Narrow and shallow

Shallow & wide


* SACRUM:

	
	Male
	Female

	· Shape
	Long & narrow
	Short &wide

	· Sacroiliac joint
	Occupies3 segments
	Occupies2 segments

	· Promontory
	Projecting
	Not projecting


* STERNUM:

	
	Male
	Female

	· General 

· Length of body
	Long and broad

More than double of the manubrium length
	Short and narrow

Less than double of the manubrium length


Identification of age from bones

Identification of age is done through:

1. Appearance of ossific centers (intrauterine and extra uterine).

2. Union of epiphysis.

3. Union of skull sutures.

4. Teeth examination.

- SKULL :

a) Dimensions: in full term infants, the circumference is 13 inches, length is 5 inches and width is 4 inches.

b) Fontanelles: the posterior fontanel is closed at full term while the anterior fontanel is 3 fingers at full terms and closes at 18 months after birth (1 finger every 6 months).

c) Sutures:

· Frontal suture closes at 2 years (30 years in Negroid).

· Basiocciput – basisphenoid suture closes at 23 years.

· Sagittal suture closes at 25- 30 years (starts to close from the middle of the inner table at 25 years. and is completely closed at 30 years.)

· Coronal suture closes at 40 years.

· Lambdoid suture closes at 50 years.

· At 70 years all sutures are united except the suture between the parietal and temporal bones which closes at extreme old ages.

d) The mandible: the angle of the mandible is:

· Obtuse in infants (mental foramen is near lower margin)

· Right in adults (mental foramen is midway)

· Obtuse in old age together with atrophied alveolar margin (mental foramen is near alveolar margin)

e) Teeth:

i- Milk dentition (eruption) (20 teeth)

IT starts around the 6th month after birth at the period of breast feeding by eruption of the lower central incisors. They are 20 teeth (5 in each side of the jaw) which erupt in the following orders:

· The central incisors at 6th month.

· The lateral incisors at 9th month.

· The first molar teeth at 12th month.

· The canine teeth at 18th month.

· The second molar teeth at 24th month.

· Space behind the last molar → 3- 5 years.

ii- Permanent Dentition: (32 teeth)

It starts at 6th year of life in the following orders:

· The first permanent molars at 6th year.

· The central incisors at 7th year.

· The lateral incisors at 8th year.

· The first pre-molars (bicuspid) at 9th year.

· The second pre-molars(bicuspid) at 10th year

· The canine teeth at 11th year.

· The 2nd molars at 12th year.

· The 3rd molar (Wisdom tooth) at 18-25th years.

· Space behind 2nd molar → more than 12 years.

The permanent teeth are larger, stronger, broader and whiter in color than milk teeth.

Other medicolegal importance of teeth examination:

· Personal identity:
As every person has special characters in his teeth, e.g. size of teeth, irregularities, crowdness, deformities, and artificial dental plates... 

· In case of human bite: 

- The bite is considered as a print or a cast from the teeth in the form of abrasions and bruises, which helps in identification of the assailant by comparing it with his teeth and by determination of its age, from the process of healing; and so we can compare it also with the date of the assault.

- Human bite is formed of two curved rows of abrasions and bruises, while animal bite is formed of two parallel rows.

· In case of poisoning: 

In chronic metallic poisoning, there will be a discolored line at the roots of the teeth which helps in diagnosis and detection of the cause; as this line is grey in case of “Mercury”, blue in case of “Lead”, green in “Copper”, black in “Bismuth”, ... etc. 

APPEARANCE OF OSSIFIC CENTERS (O.C.)

A- During Intra-Uterine Life:

· O.C. calcaneus at the 5th month.

· O.C. talus at the 7th month.

· The lower end of the femur at 8th month.

· The upper end of the tibia, the cuboid bone and that of the lower end of the femur reaches 5 mm in diameter at the 9th month (full term baby).

B- After Birth:

· The upper end of the humerus & femur at the end of the first year of life.

· The lower end of radius & tibia at the end of the 2nd year.

· The upper end of the radius at the end of the 6th year.

· The lower end of the radius, O.C., reaches ⅔rd breadth at 7 years.

· The upper end of the ulna at the end of 12th year.

UNION OF EPIPHYSES

1- In the upper limb:

i- The Humerus:

· The trochlea with capitulum at 14 years.

· Both bones with the shaft at 15 years.

· Lateral epicondyle units in the shaft at 16 years.

· Medial epicondyle units in the shaft at 17 years.   

· Head of the humerus units with the shaft at 20 years.

ii- The Ulna and Radius:

· The upper end of ulna with the shaft at 16 years. 

· The upper end of radius with the shaft at 17 years.

· The lower ends of ulna and radius with the shaft at 20 years.

iii- The Hand:

· The distal ends of metacarpal bones and phalanges unit with their shafts at 18 years.

2-In the Lower Limb:

i- The femur:

· The lesser trochanter units with shaft at 16 years.

· The greater trochanter units with shaft at 17 years.

· The head of femur units with shaft at 18 years.

· The lower end of femur units with shaft at 21 years.

ii- The tibia & fibula:

· The lower ends of both units with shafts at 18 years.

· The upper ends of both units with shafts at 21 years.

3-The clavicle:

The proximal (medial) end unites with the shaft at 23 years.

4-The pelvis:

· The pubic ramus unites with the ischial ramus at 6 years.

· The Y-shaped suture at the acetabulum closes at puberty (15years).

· The ischial tuberosity unites with the ischium at 21 years.

· The iliac crest unites with the iliac bone at 23 years.

5-The sternum:

· The body unites with the xiphoid process at 40 tears.

· The body unites with the manubrium at 60 years.

6-The Hyoid Bone:

The body unites with the greater cornu at 40 years.

The extent of medullary cavity

· The medullary cavity of the humerus reaches the level of surgical neck at the age of 30 years and the anatomical neck at 33 years.

· N.B. After puberty the dates are about 2 years less in females than males. 

· These findings are detected by X-ray of living persons and by dissection in dead persons.


Identification of stature

· From Pearson’s formula:

Femur 
= 25% of the height.

Humerus
 = 18% of the height.

For example:

Femur length       Predicted Height 

    41 cm                       167 cm 

    50 cm                        186 cm

Identification of race

Negroid skull has the following characteristics:

1. Persistent frontal suture.

2. Dolicocephaly.

3. Prognathesim

4. Flat nasal bridge.

5. Wide nasal openings.

6. Less arched palate → prognathism

7. Short mastoids.

8. The pterion (area of union of frontal, parietal, temporal and sphenoid bones) is one point or X shaped. In non-Negroid it is H shaped.

* Mongoloid race has characteristically "shovel-shaped" concave upper incisor teeth.

Time passed since death

- Before 6 months: soft tissues are found on bones.

- 6-12 months: Bones are attached by ligaments.

- After one year: Bones only are present. Bones get lighter, whiter, and less smelly and more brittle the more time passed.

Ages of Medico Legal Importance (MLI)

1. 7th intrauterine month: Age of Viability after which an infant can live separate of his mother if premature labored 

2. 9th month (intrauterine) Full-term baby
3. Age of 2 years:  is the legal age of the end of infancy period. Execution is postponed if a condemned woman has a child below this age till weaning i.e. after the age of 2 years. 
4. Age of 6: Admission to school
5. Age of 7: Age of discrimination: below which the child is not legally responsible, as it can not discriminate between right and wrong 

6. The maternal custody: in case of divorce up to 10 years for boys  and up to 12 years for girls 

7. Age of 14: Puberty in Males below which males are unable to commit rape or sodomy 

8. Age of 15: The person is tried in front of juvenile court 

9. Age of 18 in females: age of marriage, age of consent for sexual relation 
10. Age of 18 years in males: is the age of marriage, first call for military service, governmental employment, voting in election, driving license eligibility, and full criminal responsibility 

11. Age of 21: age of complete civil rights

12. Age of people assembly membership: 30 years 

13. Age of the president: 35 years.

14. Age of pension: 60 years 
Nuclear sexing

Nuclear Sexing is performed through examination of cells in buccal smear, the female shows one or more characteristic tiny nodes of chromatin attached to the inner surface of the nuclear membrane called “Barr Bodies” which are not present in males, and white blood cells which show a stalked drumstick projection of the polymorph nucleus called “Davidson Body” in females. Chromosomal study (karyotype) help in sexing as Y chromosome can be seen by fluorescent microscope in cells of hair follicle sheath, nerve& dental pulp.  
MEDICOLEGAL IMPORTANCE OF HAIR EXAMINATION

Hair may constitute very important medico legal evidence in many crimes, as it may be found on the body of the victim and proved to be belonging to the accused, which is considered good evidence against him. Hair is similar in naked-eye appearance to many other fibbers; and so, must be differentiated from them microscopically.              
Also, human hair must be differentiated from animal hair, which is also similar to it.
1- In criminal cases: 
A hair found in the hand of the victim (attached to the nails), may prove to belonging to the assailant; and so, constitutes a good evidence against him. The same thing may be in crimes of rape, where assailant's loose hair may be found on the victim's private parts (or the reverse may occur sometimes).

2- Examination of the hair root: 
It gives an idea about the manner of getting out of this hair, i.e. whether it was fallen by itself (in case of degenerated root) or pulled by force (in case of ruptured sheath of the root).

3- Examination of the hair tip: 
It gives an idea about the date of its cutting, as it appears angular and sharply cut in case of recently cut hair; or it appears rounded in cases of hair cut from few days; and it appears tapering in cases of hair cut from more than 2 weeks.

4- In case of wounds: 
Sometimes contused wounds appear similar to cut wounds as in case of scalp and the skin over the shin of the tibia, in these cases examination of hair tips will help in differentiation, as they appear angular in case of cut wounds; and crushed in case of contused wounds.
5- In cases of burns: 
Examination of hair will help in differentiation whether burns was due to dry heat (e.g. direct flame) or due to moist heat (e.g. hot liquids) which is called scald. In case of burn due to dry heat hair will be signed i.e. coma-shaped with clubbing of tips; but in case of scald hair is not singed.

6- In cases of firearm injuries: 
Hair examination of the area of the inlet will give an idea about the distance of firing, as it appears singed (due to the effect of flame) in very near injuries.

7- Diagnosis of cases of poisoning
In some cases of chronic poisoning with heavy metals as arsenic, where the metal is deposited in the hair of the victim, starting from the root and spreading to the tip (so long as exposure or administration is continuous).

8-Personal identification& identification in disputed paternity:
Color, form& distribution of hair together with DNA profiling (absolutely individual) of the root sheath (nuclear DNA) is of great help in personal identification and paternity testing.
Medicolegal Aspects of Blood Stains

Blood stains are the most common evidences found in all types of forensic investigations. There are two major areas of investigation: Testing for biological evidence in civil cases; and characterization of blood stains in criminal cases. 
How can blood be used as an evidence?

· Blood samples – Can be analyzed to determine BLOOD TYPE and DNA, which can be matched to possible suspects.

· Blood droplets – Can be analyzed to give clues to the location of a WOUND, movement of a VICTIM, and type of INJURY.

· Blood spatter – Can be analyzed to determine PATTERNS that give investigators clues to how a crime might have happened.

Physical Characters of blood:

· Fresh blood is red in color (oxy hemoglobin 'Hb') and soluble in H2O, while old blood is brown (metHb) and soluble in diluted acid.

· Very old blood is black (hematin = hematoporphyrin) and soluble in concentrated acid or alkali.

Individualization of blood:

Individualization of blood can be detected by the genetic markers of the: RBCs, plasma (serum), WBCs and DNA profiling.
1. RBCs Markers: 

· Surface Ag: A, B, Rh, M, N….

· Red cell isoenzymes: phosphoglucomutase (PGM), Erythrocyte acid phosphatase, etc… 

2. Plasma Markers: Serum proteins polymorphism: haptoglobin (Hp), GM, GC, C3, Gm.protein.

3. WBCs Markers Histocompatability Ag. →Human Leucocytic Ag. (HLA system).

4. DNA finger print.
RBCs Surface Ag systems (Blood groups):

Blood typing is a classification of red blood cells by the presence of specific surface protein substances (antigens) on their surface.

a) The ABO system:

· The major blood group system is called the ABO system and results from the expression of A and/or B antigens on the red blood cells and the presence of anti-A and/or anti- B antibodies in the serum.

· 80% of people secrete water soluble blood group antigens(S+ve) in their sweat, saliva, semen, gastric or other body fluids. Such secretors may be identified from seminal stains and even the saliva deposited on a bite, the other 20% are (S-ve).

The four main blood types are known as A, B, AB, and O. 

ABO testing

· An anti-A, anti-B, or anti-AB antiserum (containing antibodies) react with the blood stain to detect blood cells.

· A, B, or AB blood cells react with a blood stain to detect antibodies.

· A- cells clump with anti-A.

· B- cells clump with anti-B.

· AB - cells clump with both.

· O- cells do not clump.

b) Rh factor:
· Human beings have agglutinogens (C, D, E, c,   d   &  e),which are also found in “Rhesus Monkey” red cells.

· These agglutinogens have no corresponding agglutinins in the serum & humans have no ability to form agglutinin against them except for D.

According to this system, the persons are either:

· Rh +ve (have D agglutinogen) 85%.

· Rh –ve (have No D or antibodies against it) (15%) but can form antibodies by introduction of this Ag. As in:

a- Blood transfusion of Rh +ve bl. to Rh –ve recipient. 

b- Pregnancy → Rh –ve mother & Rh +ve fetus.

Genetically any person has 3 pairs, one from each group (CC, Cc, cc, DD, Dd, dd, EE, Ee, ee), so there are 36 possibilities.

c) M and N system:
· M & N agglutinogens are present in the RBCs. with no corresponding agglutinins (No complications in blood transfusion).

· Used to differentiate between two persons of similar ABO groups.

d) Other Red Cell Antigen systems which can be typed: Duffy, Kidd, Kell, Luthran.

Medico legal Applications of Blood Grouping

I- Identification :  they are good –ve tests.

Civil cases: 

1- Identity cards must include the blood group.

2- Parentage Identification: They are good –ve test i.e. can't prove but disprove only. (O father can never have AB child. Both parents Rh -ve, the child is never Rh +ve. Both parents M, the child is never N). About 43% of wrongly accused men can now be eliminated after using the techniques of Gm, GG, Hp and RBCs enzyme system.

3- To help in resolving inheritance disputes.

Criminal cases:

1- To show whether blood stains on weapons, clothing or elsewhere could have come from a particular suspect or victim.

2- In case of rape: grouping of semen identify the assailant.

3- Saliva on tips of cigarettes will identify the assailant.

4- To assist in matching fragmented human remains in disaster or in manipulating criminal deaths. 

II- Blood transfusion (donor & recipient). 

To avoid Hemolytic transfusion reaction:

This occurs due to destruction of the donor’s RBCs (rarely the recipient in case of transfusion of large amounts of O blood). 
Incompatibility may be due to ABO system or Rh factor. If blood type A is transfused into a person with B type blood, anti-A antibodies in the recipient will destroy the transfused A red cells. Because O type blood has neither substance on its red cells, it can be given successfully near almost any person (group O individuals are universal donors).Persons with blood type AB have no antibodies and can receive any of the four types of blood (group AB individuals are universal recipients).

III- Marriage (Rh –ve female should know that she is going to marry Rh +ve male).
Forensic genetics
DNA Profiling:

Sources of DNA: The DNA presents in every nucleated cell. Samples commonly examined for DNA in forensic cases include liquid blood, blood stains, semen, saliva, cellular tissue, hair root bulbs and mouth swabs.

Methods Employed For DNA Testing:

1. Restriction Fragment Length Polymorphism (RFLP): It is a test in which genomic DNA is isolated from biological material and analyzed without prior amplification.

2. Polymerase Chain Reaction(PCR): Using this technique it is possible to copy small fragments of DNA in a test-tube resulting in a many million fold increase in the DNA available for testing. Some newer techniques are aimed at detection of shorter but highly variable portions of the DNA chain, known as Short Tandem Repeats (STR) systems. The repetitive segments detected are short and exhibit less variability in fragment length. It is quick, less labor-intensive, more sensitive, rapid and applicable to degraded or minute DNA amounts.
Medico Legal Applications of DNA Typing

a. Investigations of criminal cases involving victims of :

b. Catastrophe victims (mass disaster, burn). 

c. Identification of body remains.

d. Identification of sex and species, which is achieved by examining polymorphism in the non-coding areas within the X or Y chromosome.
e. Paternity/family relationships.

f. Identify endangered and protected species.

DISPUTED PARENTAGE

Parentage identification has 3 forms: paternity identification, maternity identification and parentage identification. 
In practice disputed parentage means paternity since maternity is rarely in doubt
Disputes may arise under the following circumstances: 

1. A married man may allege that his wife has committed adultery, and that he is not the father of one or more of her children.

2. A woman who has illegitimate offspring may allege that a certain man is the father of that child in order to obtain an affiliation order against him and to ensure financial assistance.

3. In cases of inheritance. 

4. In cases of sexual assault in which a pregnancy occurs and the pregnancy is either terminated or goes to term; the identity of parentage of the fetus or newborn child is an evidence of a sexual act. 

Maternity testing; It is carried out in the following circumstances

1. In child abandonment cases.

2. Infanticide.

Blood is taken from the mother, the child and the putative father.5 ml of venous blood is taken from adults and 1 ml by heel or ear prick from infants who should be at least 6 months old. 

First order exclusion:

Where the child possesses a blood group gene that is absent in both the father and the putative father. e.g. both parents (O) & the child is (B).

Second order exclusion:

Where the putative father is homozygous for blood group gene, which he must pass on to his children but the gene is not present in the child in question. e.g. mother (MM) , P. father (NN) , child (MM)
The total chance of exclusion using ABO system combined with all the other systems is 93%. Thus, the more systems tested the more likely a wrongly accused father is to be positively excluded from paternity. Such blood grouping can exclude a man being the father but can never totally confirm his paternity. Power of exclusion using DNA in paternity test is 99.9%.
Medicolegal Aspects of Wounds

Wounds:

Definition; is a "disruption of the continuity of tissues produced by external mechanical force".

Wounds classification 

· Legal classification: 

1. Minor wounds: heal in less than 20 days leave no permanent infirmity.

2. Dangerous wounds: take more than 20 days for healing and or causing permanent infirmity.

3. Fatal wound that cause death of the victim.

· Medical classification of wounds:

1. Abrasions (or grazes or scratches).

2. Bruises (or contusions or ecchymoses).

3. Lacerations (contused).

4. Incised wounds (cut).

5. Puncture (or stab) wounds.

6. Gunshot wounds (GSW).

Abrasions 'Graze' or 'Scratch'

Definition: It is damage to the superficial layer of the skin (epidermis), therefore causes no bleeding. However, abrasions do usually extend into the dermis causing slight bleeding.
Causative force: blunt force 

Medico legal importance:

A. Shape: Takes the shape of the causal object: 

1. Finger nails abrasion

2. Ligature mark

3. Bite marks 

4. Patterned abrasion

B.  Site of abrasion: It reflects the site of impact (around the neck in throttling) & the sort of the assault (at the inner aspect of the thigh denote rape). 
C. The direction of injury and position of the assailant :

D. Age of abrasion can be compared with date of the assault:

· First 2 days: soft scab.

· After 3days: dry scab.

· After 1week: falling of the scab leaving red area. 

· After 3 weeks: disappears leaving no scar.

E. Post- mortem abrasion : is brown and leathery, while ante-mortem abrasion usually associated with bruise & microscopic examination reveals cellular infiltration. 

Bruises / Contusions

Definition: it is 'extravasations' of blood into surrounding tissues from damaged capillaries or venules.

Causative force: blunt trauma such as: 

1. A blow or a fall.

2. Squeezing or pinching. 

Medico legal importance of bruise:

A) Shape of bruise may denote the causal instrument 

            B) Site of Bruise: Usually denotes site of blow, but sometimes shift from its original site.

       C) Age of the bruise: Denoted by color changes due to the degradation of hemoglobin in blood which from the periphery towards the center. Most bruises disappear within 1-4 weeks of infliction; this time frame is extremely variable depending upon the size and depth of the bruise, its location and the general health of the individual. 
The color changes are:

· Red (fresh): oxyhemoglobin. 

· Blue: reduced hemoglobin. 

· Green (after 4-5 days or later): biliverdin.

· Yellow (after 7-10 days or later): bilirubin.

D) The size (extent) of a bruise: 
Size of bruise depends on several factors:

a- Type of tissues: Lax tissues e.g. eyelids and genitals bruise easily than fibrous tissue. e.g. palms, soles and scalp.
b- Age: Infants and the elderly tend to bruise more easily than young and middle-aged adults. The former because of the looseness and delicacy of the skin, and the abundant subcutaneous fat; the latter because of degenerative changes in the tissues which support the small blood vessels of the skin and subcutaneous tissues.

c- Sex: Women bruise more easily than men because they have more subcutaneous fat, and this is particularly true of obese women.
d- Natural Disease:

e- Skin color:

f-Rapidity of death: 
N.B. Deep bruises may require as long as 12 or 24 hours to become apparent and some may never do so.
E) Ante Mortem or Postmortem: 

Postmortem bruise can occur due to blunt force impact→ rupture blood vessel→ extravasation of fluid blood into the surrounding tissues.

PM bruise is small produced in areas of hypostasis, or where tissues can be forcibly compressed against bone, e.g. over the occiput.

Lacerated Wounds

(Contused Wounds, Tears, Splits)

It is splitting of the skin by direct crushing of blunt trauma. e.g. motor vehicles accidents fall from heights, heavy sticks.

Wound description:

1. Ragged or lacerated edges.

2. Abrasion and bruising at edges. 

3. Crushed blood vessels.

4. Hairs driven into the tissues and crushed edge.

5. Tissue strands (nerves, fibrous strands, vessels) may cross the depths of the wound. 

6. Relatively little blood loss (except scalp).

7. More liable for infection.

8. Heals usually by secondary intention.

MLI of lacerations:

1. Shape and size not usually related to causal object.

2.  Trace evidence in wound (Foreign Body).

3. Rarely self-inflicted.

Incised Wounds (Cuts)

Definition It is destruction of the full thickness of the skin due to contact with a sharp edge e.g. knife, razor, and broken glass.

Classic example: cut throat, cut wrist. 

Wound description:

1. Edges are regular and cleanly cut, except if the weapon edge is not sharp enough.

2. More long than deep. 

3. Hair edges are sharply cut.

4. Bleeds profusely.

5. Reflects sharp edge not weapon type.

6. Direction of cut: deeper at the start.

7. No abrasions or bruise at edges.

8. Heal usually by primary intention.

MLI of incised wound:

1. Reflect sharp edge, not weapon type.

2. No trace evidences.

3. Profuse external hemorrhage and air embolism.

4. Danger to life depends on site and depth.

5. Incised wounds may be self-inflicted, assault or accident.

Age of incised wounds:

· Age of incised wounds may be compared with the date of a certain crime.

· First 12 hours: The edges are red and swollen.

· By the end of 36 hours: New vessels start to grow towards the skin surface.

· After 5 days: New vessels start obliteration.

· After 10 days: The wound is healed by primary intention.

· After 3 weeks: The scar is red.

· After 3 months: The scar is coppery brown.

· After 6 months: The scar is white and may be invisible. To detect it, we rub the skin 
                            to cause hyperemia; the scar is pale being avascular.

Stab Wounds

They are penetrating injuries whose depth within the body is much greater than length.

Causal instrument: Sharp pointed object e.g. knife or dagger.

Non-sharp pointed object: needle, pin (punctured wound).

Wound description:

1. Depth is much greater than the dimensions of the wound on the body surface.

2. Elliptical in shape.

3. Clean cut edges with gaping.

4. No bruising or abrasion of margins.

MLI of stab wounds:

1. Shape of Wound May indicate:

Cross-sectional shape of knife blade

e.g. - Double-edged blade → Slit with two sharp ends.

 - Thin, single edge blade → Triangular slit, one sharp end.

2. Wound Length may indicate blade width
3. Wound Track Depth may indicate length of weapon

4- Broken tip of weapon can be found in wound.

Fabricated or Self-Inflicted Wounds

These are simple wounds which are self inflicted (or fabricated) by the person on his body. 

Characters of Fabricated Wounds:

1. Superficial and relatively harmless.

2. In an area readily accessible to the victim and in a safe site e.g. extremities, forehead, etc….

3. They are inflicted on bare skin, so no corresponding tear on clothes.

4. The age of the wound does not usually correlate with the date stated by the fabricator.

5. Careful examination and interrogation about the manner of assault or type of weapon will prove that allegation was false, e.g. firearm wound: punctured by a nail and burned with a cigarette.

Defense Injuries

These are injuries sustained by the victim to defend himself. 

1. In case of punching, kicking: 

2. In attacks by knife: 

3. In kicking: 

Complications& Causes of Death from Wounds

I. Shock:

Types:

1. Neurogenic shock: failure of the nervous system to control the diameter of blood vessels. 

Causes:
· Trauma to a trigger zone(epigastrium, pericordium,testicles).

· Spinal cord injury at or above T​​5.

· Spinal anesthesia.

· Severe pain.

2. Hypovolemic shock: loss of blood and other body fluids. 

3. Cardiogenic shock: failure of the heart to pump blood adequately to all vital parts of the body. 

Causes:

· Myocardial contusion.

· Arrhythmias.

· Obstructive disorders: tension pneumothorax, pericardial tamponade.   

4. Septic shock: Due to presence of severe infection. 

5. Anaphylactic shock: Caused by a life-threatening reaction of the body to a substance to which a patient is extremely allergic. 

6. Traumatic shock: As tissue destruction leads to the release of inflammatory mediators leading to disruption of the micro vascular endothelium (Systemic Inflammatory Response Syndrome SIRS). 

Causes: 

· Crush injuries, major fractures, and major burns.

· Ischemic/necrotic tissue: pancreatitis, myocardial infarction.
Clinical picture of Shock

· Sinus tachycardia: >90 beats/min, except in neurogenic shock.

· Respiratory rate >29 breaths/min.

· Decreased Urine Output: <0.5cc/kg/hr.

· Metabolic acidemia. 

· Hypoxemia.

· Cutaneous vasoconstriction vs. vasodilatation (septic & anaphylactic shock).

· Mental Changes: anxiousness, agitation, indifference, lethargy.

· Temperature: subnormal except septic.

II. Hemorrhage:

Either:

· External (loss of 1-2 liters may be fatal).

or

· Internal (more dangerous) according to the site (10-20ccs in brain, 200ccs in pericardium).

It may be primary or secondary (due t o dislodgement of septic thrombus).

C/P: pallor, low BP, rapid weak pulse ,cold extremities.

PM: External; pale body, ill defined hypostasis, may be external bleeding.

Internal pale organs, subendocardial hemorrhage, contracted spleen.

III. Embolism: Either Venous (pulmonary) or arterial (Systemic)
Venous embolism:

· Air embolism: causes:
1. Cut throat (-ve intrathoracic pressure).

2. Tubal insufflations.

3. Criminal abortion (faulty uterine flushing).

4. IV infusion of air (200cc).

· Fat& bone marrow embolism: 

1. Fracture long bones.

2. Severe burn. 

3. Intravenous injection of lipoid material as in hystrosalpingiography. 

· Amniotic fluid embolism: In criminal abortion and during labor.
· Thrombo-ebolism: Either due to blood stasis from prolonged immobilization or tissue devitalization from trauma and shock.   

Arterial Air embolism:

1. Stab in chest.

2. Artificial pneumothorax.

3. Nitrogen air embolism in scuba diving.

IV. Sepsis :

It leads to septicemia and multiple organ sepsis. Sepsis either by Gr-ve or Gr+ve bacteria.
V. Adult Respiratory Distress Syndrome (ARDS):

· Acute respiratory failure (ARF) characterized by hypoxemia, bilateral pulmonary infiltration without preceding lung disease. (High mortality rate 50-80%).

Etiology: Damage to pulmonary capillary endothelium due to:

1. Aspiration pneumonia.

2. Inhalation of irritant gas. 

3. Near drowning.

4. Drug over dose (opioids, barbiturates).

5. DIC.

6. Injury to chest or head.

7. Sepsis.

8. Embolism.

VI. Disseminated Intravascular Clotting (DIC):

Abnormal activation of haemostatic mechanism leading to: 
· Consumption of platelets & clotting factors. 

· Formation of emboli & thrombi (tissue ischemia & necrosis).

· Bleeding from many orifices (eyes, nose, mouth, rectum, vagina)

VII. Acute Renal Failure :

Causes:

1. Shock.

2. Hemorrhage.

3. Crush syndrome & crush like syndrome, there will be release of myoglobin leading to obstruction of renal tubules.

VIII. Scar formation: may end into keloid formation with disfigurement.
IX. Permanent infirmity:

Permanent infirmity is defined as loss of functioning organ or loss of the function of the organ. Loss of artificial eye or injury to a blind eye is considered disfigurement, while loss of functioning hydronephrotic kidney is a permanent infirmity.  
Injuries of Certain Parts of The Body

A) Neck Injuries:

Neck is a very vulnerable area with easy access to vital structures such as the trachea, large vessels (carotid arteries, jugular veins). Sensitive nervous connections and reflexes can be stimulated with fatal results (vagal reflex). The cervical spine and spinal cord are also vulnerable.  

Types of injury: 

1. Cuts, stabs. 

2. Abrasion & Bruises: In case of blows and manual pressure. (throttling) Or pressure by rope (strangulation, hanging).

Cut wound of the neck (cut throat) may be homicidal, suicidal or accidental 

· Causative object: knife, razor, dagger, broken glass etc…

	
	Homicidal cut throat
	Suicidal cut throat

	Wound description

· Site

· Direction

· Depth


	Usually below the thyroid cartilage may be high.

Transverse.

Deep all through cutting all vital structures and may separate the head
	At or above the level of thyroid cartilage.

Oblique (upward →downward)..

Starts shallow→deep centrally →and end superficial. 

Slanting (cut the skin at higher level than deeper tissues.

	Tentative wounds
	Absent.
	Superficial parallel cuts are present. 

	Defensive wounds

 
	May be present on the hands and forearm.
	Absent.

	 Blood spatter
	Usually blood pool.
	Splashes on the mirror.

	Examination of the victim 

Another wound

Cadaveric spasm
	Males or females

Outdoors or indoors.

Multiple stabs in chest abdomen.

On something belonging to the assailant.
	Usually males

Present indoors (in front of mirror).

Cut wrist may be present. Superficial cuts on index or thumb (try to test weapon sharpness.

On the weapon.

 

	Circumstantial evidence


	History of threatening or troubles with others

Disturbance of furniture may be present.
	History of mental illness psychological troubles or previous attempts of suicide

Suicidal note may be present

No disturbance of furniture.

	Weapon 
	May be present or absent.
	Usually present.

	Trace evidence (blood, hair fiber, finger prints, skin tags)
	Belonging to the assailant.
	Belonging to the victim.

	Suspect examination
	Trace evidence belonging to the victim

Abrasion or bruises coincide with the date of the crime.
	----------------


Accidental cut throat may occur due to traffic accident (broken glass) usually single often deep and forceful may occur at any site of the neck.

Causes of death in cut throat:
1. Neurogenic shock (Vagal) due to fear or injury to the carotid sinus.

2. Hemorrhage. 

3. Venous (pulmonary) air embolism.

4. Asphyxia due to inhalation of blood.

5. Delayed death (rare) due to edema of glottis, and pneumonia.

B) Chest Injuries

Heart, major blood vessels and lungs are vulnerable to impact.

a) Types of trauma: 

b) Blunt trauma: →compression (of RTA is common)

c) Penetrating: site of election for stab and gunshot wounds with profuse hemorrhage into pericardial sac or pleural cavities. 

d) Crushing.

Types of internal injuries: 

A. Contusion: 

i. Myocardial contusion 

ii. Lung contusion

B. Lung laceration: due to stabs into the chest or fracture ribs →pneumothorax and hemothorax.

C. Cardiac lacerations due to stabs into the chest or run over accidents

D. Rupture aorta: due to acceleration/deceleration force leads to traction on mobile aortic arch with descending aorta →rapid death. 

E. Rupture diaphragm: due to gross abdominal compression. 

F. Esophageal perforation→ retro-sternal pain, hematemesis, mediastinitis.

G. Crushing injuries:

Multiple rib fracture:

·  > 3 consecutive ribs on both points→ flail chest (paradoxical chest movement), pneumothorax & or hemothorax, pulmonary contusion& laceration.

·  Injury to liver (fracture ribs 7-10 on right side), spleen (9-10 left side) & kidney (11-12).

C) Abdominal injuries:

· Abdominal skin injury: Is rarely seen, particularly if impact is over a broad area.

· Liver, spleen, kidneys, intestines: are vulnerable to compression and laceration against the spine following the blunt impact of road traffic accident (RTA) or assault.

· Site of election for stab wounds with penetration of vascular organs such as liver, spleen, kidney, mesentery or major vessels such as aorta, vena cava with severe blood loss into the peritoneal cavity.

· Peritonitis may follow intestinal damage.

HEAD INJURIES

Definition: It is any damage to the scalp, skull, meninges and the brain due to mechanical trauma.

Types of mechanical trauma& mechanism of head injury: 

· Blunt trauma: either:

1) Direct impact trauma 

2) Inertial trauma is caused by:

A. Rapid rotational acceleration or deceleration of the head. 

B. Linear acceleration/deceleration (Whiplash).

· Penetrating trauma by an object e.g. knife or other penetrating object or missile (GSW) damage occurs along the route the object has traveled in the brain. 

Scalp Injuries

• Scalp hematomas: either 

= Subcutaneous (small and firm due to dense fibrous strand).

= Subgaleal (large & soft limited by attachment of occipitofrontalis).

=Subperiosteal (limited to one bone e.g. cephalhematoma in newly born).

• Cut wound.  

• Laceration (contused wound) caused by heavy blunt instrument, simulate cut wound, edges are linear but everted and contused with crushed hair ends.

• Cut –laceration caused by heavy sharp instrument. Fass or axe.

• Firearm wound (exit & or inlet).

Skull Fractures

Types of skull fractures:

A) Fissure fracture:

Causative object: Heavy blunt instrument with considerable momentum e.g. stick, stone, blow by fist, falls may occur in the vault or base of the skull.

Characters: 

Linear, with no bone defect, wide at point of impact (high energy absorption), occurs at site of impact and extends between& along lines of anatomical weakness: 

· Frontal fracture (e.g. head-on RTA) often radiates into anterior cranial fossa.

· Temporal fracture (e.g. blow to side of head) often radiates into middle cranial fossa.

· Occipital fracture (e.g. backwards fall) often radiates into posterior cranial fossa.

Subtypes:

a) Polar fracture: Occurs when head is supported at the most bulging poles.

b) Diastatic fracture: fissure fracture causing separation of sutures. 

c) Ring fracture: At foramen magnum due to a fall onto the feet or onto the top of the head.

d) Fracture base: Occurs due to blow to the face, extension from vault fracture, or fall on heals or buttocks.

Fracture base is suspected when the following symptoms are present:

a) CSF otorrhea and rhinorrhea.

b) Bilateral black eyes

c) Battle's sign

d) Epistaxis or bleeding from the ear.

B) Depressed fracture: 

Causative object: Heavy blunt object with localized sticking surface area with considerable momentum e.g. head of hammer, stone.

C) Comminuted Fracture: Spider's web:

 Causative object: Heavy blunt object with wide striking surface area and considerable momentum e.g. falls from heights. 
D) Cut fracture: Caused by heavy sharp object e.g. chopper, axe or fass.

E) Compound Skull Fracture: The scalp is cut, and the skull is fractured

● Clinical presentation of skull fractures: 

a) Concussion. 

b) Compression. 

c) Concussion passing to compression with lucid interval if associated with extradural hematoma.

d) Death (if there is a diffuse brain injury or brain laceration). 

• Healing of Skull Fractures:

1. Fissure: if the edges are not separated: completely healed in 3 months. If edges are separated by tissues edges smoothen in 3months.

2. Bone defect in the vault heals by membrane formation. It starts after 3months & completely closes the defect in 12months.

Intracranial Haemorrhage (ICH)
There are 4 types of ICH:

1. Extradural (epidural) haemorrhage (EDH) always traumatic:
Site: Arterial blood accumulates between the Dura and the inner skull table. They are always unilateral.
Bleeder: Middle meningeal artery as it passes upwards within a groove in the temporal bone usually associated with fracture. In 15% of cases no fracture is identified. This accumulation can be immediate or delayed.

Clinical picture: 

a. Concussion passing to compression with lucid interval. 

Or  

b. Cerebral compression.
D.D. heat hematoma
2. Subdural haemorrhage (SDH): 

Traumatic (More common than EDH): 

Site: Blood accumulates between the Dura and Arachnoids.

Bleeders: bridging veins which cross the Dura to the brain surface.

Cause: sudden jarring or rotation of the head (often a trivial blow or fall) causes movement of the brain relative to the Dura which leads to shear and tear of these veins (inertial trauma).  

Types: 

a) Acute blood accumulates immediately after the injury.

b) Sub acute: after several hours.

c) Chronic: (weeks or months) due to repeated minor trauma to the head more common in elderly (brain atrophy widens the gap), children (shaking injury as part of the child abuse syndrome) and alcoholics (frequent unprotected falls and prolonged bleeding times).

Chronic SDH is presenting with: persistent headache, fluctuating drowsiness, confusion and memory changes. 

PM: thin layer of coagulated blood with different colors and granulation tissues invading it at different sites.

3. Subarachnoid haemorrhage (SAH):

· Pathological, (2nd most common cause of sudden unexpected death due to disease). Causes: due to rupture of an aneurysm (common in females), congenital malformation or extension of intracerebral hemorrhage. (Site: At base of the brain).

· Traumatic: Usually associated with contusion and laceration of the brain surface (site: parietal, temporal, under surface of frontal poles). Rarely due to a kick or blow to the side of the neck which ruptures the vertebral artery as it enters the cranial cavity (traumatic basal SAH). 

4. Intracerebral haemorrhage(ICH):

· Pathological: Due to hypertension, eclampsia, drug abuse, rupture of an aneurysm, arteriovenous malformation (AVM), anticoagulant, bleeding diathesis, hemorrhagic necrosis (e.g., tumor, infection), or venous outflow obstruction (e.g., cerebral venous thrombosis). 

· Traumatic: Rupture of blood vessels in brain substance due to shearing stress or extension from surface contusion.

Brain Injuries
A) Localized Brain Injury: contusion and laceration. 

Cerebral contusion is of 2 types:

· "Coup type" contusions: Due to acceleration of the head from blow causing contusion at the point of impact or due to skull deformation. 

· Contre-coup: Opposite to the site of impact due to deceleration of the head where the brain glides over the irregular, jagged contours of the skull.

B) Diffuse Brain Injuries:

1-Concussion

It is a clinical state of transient loss of conscious due to temporary nerve cell dysfunction with no visible physical damage. 

Cause:  it is due to jarring of the brain inside the skull.

Clinical picture: 

· Mild confusion or dazing which are temporary.

· Brief loss of conscious which won't last more than 15min (<6 hours) during which there will be manifestations of shock.

· Post traumatic amnesia (events just before or after the injury may be lost).

Treatment: 
The patient should be hospitalized and remains under observation for 48   hours; give the patient fluids and glucose to treat hypotension and hypoglycemia. 

Prognosis (fate of concussion): 

1. Complete  recovery: 

2. Incomplete recovery: 

The patient will recover but incompletely, i.e. suffer from “Post-concussion syndrome” manifested by group of symptoms as: headache, drowsiness, amnesia, irritability and confusion. 

3. Concussion passing to compression: 

a) With a lucid interval: 
• Infliction of the trauma to the side of the head will produce concussion; that may be accompanied by tearing of the middle meningeal artery or one of its branches as they are running inside grooves in the temporal bone. 

• No bleeding occurs from the torn vessel as there is low blood pressure during concussion; but after recovery of the patient and normalization of the blood pressure, the bleeding starts and increases gradually leading to another stage of loss of consciousness due to cerebral compression. 

• This stage of consciousness between the unconsciousness of concussion and that of compression is called “lucid or latent interval”, during which the patient can walk and speak. 

The medico-legal importance of "Lucid interval": 
1. Alleged negligence: any patient presented to the hospital with a history of head trauma should be carefully examined and subjected to thorough investigation and kept under observation for at least 24-48 hours with continuous monitoring to vital signs, level of conscious, state of pupils, motor power and reflexes. If the pulse falls below 60/minute, decompression operation must be urgently done. 

2. The assailant defense may assume that the cause of death is not due to the trauma. 

3. The victim may tell the name of the assailant. 

b) Concussion passing to compression directly: (i.e. without a lucid interval): 

It occurs in case of extensive intracranial hemorrhage from the start, or depressed cranial bone. 

4. Fatal concussion: 

Rarely, there is prolonged arrest of the vital centers that end fatally. 

2- Diffuse Axonal injury

The term diffuse axonal injury (DAI) is used clinically to characterize a condition of diffuse injury of the axons of the brain associated with immediate unconsciousness and coma longer than 6 h of duration.

3- Cerebral Compression

It is a state of increased intracranial pressure (10-15mmHg) due to several causes. 

Causes:

· Intracranial hemorrhage whether traumatic or pathological. 

· Depressed skull fracture.

· Intracranial tumors.

· Infections.

· Brain edema.

· CSF obstruction (hydrocephalus) or increase production (meningitis).

The condition may develop immediately after a head injury, or it may appear a few hours or even days later.

Pathophysiology: 
1. Irritation stage: Increased ICP→ occlusion of cerebral veins (thin walled and low pressure) → congestion and edema→ Irritation. 

2. Paralytic stage: Further increase in ICP →occlusion of arteries (thick walled with high pressure) leading to ischemia and brain infarction. 

3. Conization stage: The Increase in ICP → brainstem compression and herniation of the medulla through foramen magnum →Death (Asphyxia or syncope). 

Clinical picture of traumatic cerebral compression: 

1. History of a recent head trauma.

2. Altered level of consciousness.
3. Irritability or disorientation. 

4. Headache, nausea, vomiting. 

5.  Cushing's triad: Slow full regular pulse, Hypertension, Slow breathing which may be    irregular.

6. High temperature. 

7. Signs of lateralization:
· Unequal pupil size: Ipsilateral constriction followed by dilatation of the pupil due to compression of the ipsilateral 3rd cranial nerve, then contralateral affection in the same manner, finally bilateral pupillary dilatation.  
· Contra-lateral hypertonia then weakness and/or paralysis due to compression of the ipsi-lateral cortico-spinal tracts because these tracts decussate at the level of the medulla
Treatment:

· Decompression operation. 

· Hyperventilation, mannitol therapy, steroid treatment.

The severity of head injuries most commonly is classified according to Glasgow Coma Scale (GCS) score, which generates a numerical summed score for eye, motor, and verbal abilities. A score of 13-15 indicates mild injury, a score of 9-12 indicates moderate injury, and a score of 8 or less indicates severe injury. Concussion and mild head injury are synonymous.

Long term Complications of head injuries

1. Post traumatic epilepsy
2. Meningitis and brain abscess
3. Permanent disability of varying degrees to death. 

4. Cranial nerve damage (anosmia, ocular palsies).

5. Cognitive disabilities: Thinking, reasoning, problem solving, and memory are all cognitive skills. The most common of these impairments is short-term memory loss. 

6. Sensory problems :(touch, taste, and smell) 

7. Language difficulties: Communication problems are common. 

8. Personality changes: depression, anxiety, personality changes, aggression

9. Alzheimer's or Parkinson's disease.

Causes of death in head injuries

Early causes:

1. Cerebral lacerations.

2. Severe cerebral contusions.

3. Diffuse axonal injury.

4. Cerebral compression with brain herniation.

5.  Blood loss (from scalp lacerations).

6. Hypoxic/ischemic injury (following airways obstruction due to aspiration of gastric contents or positional asphyxia).

Delayed causes:   

1- Septic complication, 

2- Epilepsy

3- Dementia.

Firearm Injuries (Gunshot Wounds) 

Definition: These are wounds that are caused by gunshots or firearms

Role of the physician in gunshot wound:

1. Diagnose the gunshot wound.

2. Differentiate between entrance and exit wound.

3. Differentiate between contact, near and distant range wounds.

4. Determine the direction of firing.

5. Recovery and documenting any projectile.

6. Provide appropriate medical care in living victims.

7. Determine the manner of wounds infliction or death.

8. Notifying the authority. 

9. Write a preliminary wound report.

Firearms are classified according to: 

1. The type of missiles they discharge: bullets or shots (guns/shotguns).

2. The presence or absence of rifling (rifled/ non-rifled).

3. The length of the barrel (short/long guns)

Principally a firearm weapon consists of three parts; Barrel, Action and Grip.

The barrel has smooth or rifled inner surface. 

Riflings: Are spiral grooves (depressions) that run spirally on the inner surface of the barrel. 

Rifling imparts rotational spin to the bullet along its longitudinal axis to maintain stability, velocity and power of penetration of the bullet.

Classification of Firearm weapons:

I. Rifled Weapons :

1. Short Weapons (Handgun): A firearm designed to be fired from the hand and having a short rifled barrel.

A) Revolver (non- automatic): Having a revolving magazine (cylinder) which is rotated manually each time the trigger is released.

The empty cartridge case is retained within the cylinder after firing.

B) Pistol (Semi-automatic): Having a removable magazine in the grip storing cartridges and having a spring for autoloading.

This type of weapons automatically ejects an empty cartridge and loads the next one through the gas energy of the previously fired cartridge. It fires one cartridge with each pull of the trigger.

2. Long weapons:

· Semi-automatic: they fire one projectile. 

· Automatic:  they fire as the trigger is held down.

Π-Non-Rifled weapons: Sport guns. 

They are smooth bored weapons fires shots, all are long barreled may be double or single barreled, may be semiautomatic.
AMMUNITION (FIREARM- CARTRIDGES)

Any part of it may contribute to the wounds of the victim. Principally, a cartridge consists of a cylinder (case) with gun powder (propellant) inside, missile (bullet or shots/slugs) on its top and percussion cap fixed in its base. 
1- CASE CARTRIDGE
It is the outer shell or covering of the cartridge.

Function:

1. Keeps the components together

2. Expands and seals chamber against rearward escape of gases.

Shape: 
(a) Straight ("always" pistol ammunition)

(b) Bottleneck ("always" rifle ammunition)

Extractor flange: The cartridge base has rim except in semiautomatic and automatic guns where the cartridge base has a groove. 

-Percussion cap: May be at center (center fire) or at side (rim fire), it contains a small amount of a sensitive substance known as primer.

Function: explodes on compression igniting the propellant.

Composition: 

1. Mercury fulminates to produce the spark, now it is replaced by antimony sulfide, barium nitrate or lead stephenate.

2. Powdered glass for friction. 

3. K chlorate (O2 donor).

MLI: Elemental trace tests used to determine if person fired a weapon.

Empty cartridges of non-rifled weapon (sporting gun):

A. Fired cartridge of sporting gun indicated by the presence of needle mark on percussion cap

B. Non Fired cartridge of sporting gun indicated by the absence of needle mark on percussion cap

Empty cartridge of short automatic rifled weapon:

Made of brass, has a groove at its base (automatic)

A. It is fired because there is needle mark on percussion cap 

B. Non-Fired cartridge of sporting gun indicated by the absence of needle mark on percussion cap 

2- PROPELLANT (Gun powder):
Function: Burns to produce large volumes of gases under pressure.

Shape: Sheets of smokeless powder cut into disc, flake or cylinder shapes cortide.

THE PROJECTILE (missile):

It is the part of the cartridge which exits the muzzle. It may be bullets, shots or others as metals, nails, stones.

· BULLETS

Projectiles of rifled weapons are bullets.

Shots (LEAD PELLETS): They vary in shape and size (spherical, slugs).

· WADS:
They present in shot guns cartridges and they either:

1. External wad: Made of cardboard.1mm in thickness, travels to up to 3m (penetrates within 1m and cause circular abrasion 1-3m), keeps the contents of the cartridge together and may be absent.

2. Internal wad: made of felt 1cm thick, travels up to 10m (penetrates within 3m and causes circular abrasion 3-10m), acts as piston to the shots. 

MLI of Wads:

1. Diagnosis of firearm injury.

2. Identification of type of the weapon (shotgun).

3. Differentiate between inlet and exit wounds.

4. Estimate the distance of firing.

Sequence of Events When Firing A Weapon:
- Flashes of light (muzzle flash) are seen before a sound of explosion is heard.

1. Hot explosive gases: (CO, oxides of nitrogen, CO2 & others). 

Effect: in near injuries the inlet becomes large lacerated, everted edges, reddening (CO monoxide).

2. Flame cause burning of the skin & singeing of hair.

3. Smoke (travels a distance of 15-20 cm in handguns) causes blackening of the entrance (soot).

4. Powder particles: (burnt, partially burnt & unburnt), travel a distance of 50cm, cause tattooing (stippling) of the entrance (characteristic sign of intermediate/close/near range).

5. Projectile: 

· Bullet: Causes single entrance. In distant range the range of firing is denoted by its power of penetration.

· Shots: Come out from the muzzle 
· MLI of powder marks: 

· Diagnose firearm injuries.

· Differentiate inlet from exit wound.


· Estimate distance of firing 

· Denotes the type of powder used.

· Denotes the direction of firing.

Characters of Firearm Wounds:

1. Loss of substance: more at entrance.

2. Presence of two wounds; inlet and exit but sometimes exit may not be present (gunshot injuries, bullet retained in the body).

3. Powder marks (burning, blackening &tattooing) at inlet (may be absent) or on clothes.

4. Bone beveling; in flat bones.

Inlet or exit wound?

a- Inlet wound: 

Shape: 

1. Small rounded with marginal abrasions.

2. Stellate or star-shaped inlet: occurs in contact injury over a bone (skull or sternum).  
b-Exit wound: 
Shape: Round, oval, slit like, stellate, or crescent shaped. It may be large (high velocity weapons) or small.
	Item
	Inlet
	Exit

	Loss of substance
	More (high E absorption).
	Less.

	Size
	Smaller (due to skin retraction) except; 

   - Near injuries

    -Ricochet bullet

    -Shotgun wounds

    -Explosive bullets

    -Very far range.
	Larger due to bullet tumbling & deformation.

	Regularity
	Regular except:

    -Near injuries

    -Ricochet bullet

    -Wrinkled injury
	Irregular.

	Edges
	Inverted except:

    -Near injuries

    -Fatty areas (vacuum behind bullet) 

    -After putrefaction (escape of putrefactive gases)

    -Explosive bullets
	Everted

	Powder marks
	Present except: 

   -Presence of cloths

   -Ricochet bullet 

Distant range
	Absent

	Soiling ring
	Present
	Absent

	Carbon effect
	Present (CO )
	Absent

	Marginal abrasion & bruise
	Present (long. rotatory movement of the bullet)
	Absent except if the skin is supported,    (a wall or floor). 

	Singeing of hair
	Present
	Absent

	Muzzle print
	In contact firing 
	Absent

	Beveling cone-shaped 
	Internal
	External

	Mic exam
	Embedded powder particles

Thermal effect

(pallisading and streamline) 
	Absent


Determination of Firing Distance:

a. Contact wound: Results when the muzzle is held against the body at the time of discharge: 

· Round or central defect with marginal abrasion. The size of the defect is comparable to the size of the muzzle opening or bore of the weapon.

· Over bony surfaces, the wound is stellate patterns
· The marginal abrasion may be seared or charred
· Singeing of hair is at the immediate edge of the wound.

· Soot and unburnt powder in the wound track.

· Muzzle print (due to ballooning of the tissue by the gas entry).

· There may also be red discoloration of the surrounding skin from carbon monoxide.
b. Close range (near / intermediate) wounds (< 1m) the muzzle is held away from the skin but close enough that it still produces powder tattooing.  But no burning or blackening (>20cm)

c. Distant gunshot wounds (> 1m) 

· No detectable powder marks reach the skin or clothing of victim.

· Gunshot wounds are circular or elliptical in shape.

The only marks on the target are those produced by the mechanical action of the bullet in perforating the skin as: 
- Abraded margin → “Abrasion ring”.  
- Lubricant on bullet surface wiped off onto the wound edge→ grey contact ring → ‟Bullet wipe”.  
Direction of firing and position of assailant: Direction of firing can be determined by:
1. Joining the inlet and exit by imaginary line if extended from the side of inlet to meet the ground it will denote the position of the assailant

2. From shape of marginal abrasion: 

a. Tangential--------- elongated furrow.

b. Perpendicular-------- abrasion ring is rounded and uniform.

c. Oblique-------------- abrasion ring elliptical in shape i.e. thicker at one side which is the direction of entrance.

3. Position of assailant can be also determined by empty cartridges on the ground at the scene. 

Thermal Injuries

This includes:

· Heat-Related Illnesses. 

· Burns.

· Electrical injuries.

BURNS

Types: 

1) Thermal burns: (Most common). 

2) Chemical burns 

3) Radiation burns
4) Electrical Burns 

THERMAL BURNS

Classification of burn:

1) Dupuytren classification:

a) 1st degree: redness or erythema of skin.

b) 2nd degree: vesicles or bullae.

c) 3rd degree: destruction of superficial layers of skin down to sensory nerves (the most painful).

d) 4th degree: destruction of the whole skin.

e) 5th degree: destruction of S.C. tissues. 

f) 6th degree: complete charring of the tissues, i.e. carbonization.

2) Rule of Nines: The area involved is estimated by surgical “Rule of Nines”, which is sufficient for prognostic purposes. A large area involved may be more dangerous to life than a deeper more localized one.  
N.B. It doesn't apply to infants whose body proportions are different from adults.

Head and neck 
→ 9%

Each upper limb 
→ 9%

Each lower limb 
→ 18% (9% front & 9% back)

Front of the trunk 
→ 18%

Back of the trunk 
→ 18%

Perineum             
→ 1%

Factors affecting severity (prognosis) of burns:

I- Factors related to the burn:

* Extent "surface area": burns affecting > 60% of the body are considered fatal.

* Degree; 3rd degree is the most painful and shocky.

* Site; burns of head, neck, genital organs, and trunk are more dangerous than limbs.

Factors related to the individual:

* Age; the two extremes are more affected.

*General condition; debilitating diseases increase the severity of burns.
Differences between A.M. &P.M. burns:

	Item
	A.M. burn
	P.M. burn

	1- Hyperemia
	Present
	Absent

	2- Vesicles
	Present; tense filled with serum (rich in albumin and chloride).
	Absent; if present it is soft filled with air; if fluid: poor in albumin and chloride.

	3- Soot in air passages
	Present
	Absent.

	4- CoHb in blood.
	Present
	Absent.

	5- Hemoconcentration.
	Present.
	Absent.

	6- Signs of healing or sepsis.
	Present.
	Absent.

	7- Other cause of death detected.
	Absent.
	Present e.g., strangulation, head injuries, ... etc.


Complications of Burns:

· Septicemia (can occur at any time during convalescence).

· Renal Failure.

· Pneumonia.

· Heart disease.

· Scarring.

· Cosmetic deformity.

· Burn wound sepsis.

· Adult respiratory distress syndrome (ARDS).

· Diabetes (Stress Diabetes).

· Curling's Ulcer (A stress ulcer specific to burns in the duodenum) develops in people with severe burns (massive physiologic stress).   

· Adrenocortical insufficiency.

Causes of Death:

· Early causes (within 48hours)
· Primary neurogenic shock 

· Hypovolemic shock 

· Injury to vital organ & traumatic asphyxia when fire occurs in buildings.

· Smoke inhalation (the most common cause of death in firing buildings) leads to:

a. Acute laryngeal edema: As a result of inhalation of noxious gases (Nitrogen dioxide &Hydrogen chloride, sulfur dioxide) & very hot air.  
b. Acute pulmonary edema.

c. Adult respiratory distress syndrome (ARDS)

d. Carbon monoxide poisoning. 
· Delayed causes of death 

· Sepsis remains the major cause of death in patients with major burn injuries.
· Acute renal failure.

· Perforated Curling's ulcer. 

· Adrenocortical insufficiency.
Burns Artifacts 

· Splits of the skin of a corpse due to heat contraction. It occurs in the arms, thighs and abdomen. These split artifacts may be misinterpreted as tears and cuts inflicted 

during life
 D.D.: no bleeding in the deeper tissues. 

· Heat Fracture (due to heat of the fire): fissure fracture, common in burning of the head 

D.D. single fissured fracture.

· Heat hematoma:  accumulation of blood in the extradural space; chocolate brown color, similar level of COHB in blood, the skull is usually charred, dura is shrunken.

	
	Dry burn
	Scald

	Causative agent
	Dry heat, as a result from contact with flame or a heated solid object, or from exposure to radiant heat
	Moist heat steam or any

hot liquid, such as water, oil or even molten metal.

	Severity
	Severe
	Less severe

	Hair & tissues
	singeing of hair or charring and carbonization of tissues may be present
	No singeing of hair or charring and carbonization of tissues

	Cloths
	Burnt
	Wet

	Direction
	From below upwards
	Above – downwards or splashes


ELECTRICAL INJURIES

It is used to describe the variety of injuries created by electrical energy interacting with living tissues. 

Causes:

· Lightening stroke. 

· Electric current from a mechanical source passing through the body which may be low-voltage current, less than 1,000 V , or high-voltage current, 1,000 V or more. 
Factors affecting the severity of injury:

· Earthing: if the victim is earthed, the circuit will be complete.

· Humidity: it decreases the resistance to the passage of the current.

·  Type: alternating current: (A.C.) is more dangerous than direct current (D.C.).

· Amount of current: AV/R where A: Amperage, V: Voltage and R: Resistance.

· Path of current: Through the heart or the brain stem, it leads to death.

·  Duration of the current flow: The severity of the electric injury is directly proportional to the duration of the current flow.

Clinical picture: 

1. Ventricular fibrillation:  No pulse, no heart sounds can be felt, coma, pale skin, respiration continues for a few minutes → death.

2. Respiratory failure: No respiration, coma, weak pulse can be felt, low B.P. and cyanosis.

3. Muscle spasm: The victim may grip the conductor. Spasm of respiratory muscles leads to peripheral asphyxia.

4. Cutaneous burns: At inlet and exit of the current in the form of ulcers surrounded by dry parchment like skin and hyperemia.                      
 Treatment:

1. Disconnect the victim very rapidly from the conductor.
2. Artificial respiration must be continued till recovery or rigor mortis occurs.
3. O2 inhalation and cardiac massage
Causes of Death:

Early Causes of death

· Ventricular fibrillation due to disturbances in cardiac electricity.
· Respiratory arrest due to paralysis of respiratory center. 

· Asphyxia tetanic contraction of the respiratory muscles.

· Cerebral anoxia VF leads to decrease in cardiac output lead to anoxia.

Delayed causes

· Acute renal failure due to hemoglobinuria from RBCs hemolysis.

· Acute heart failure.

· Fatal trauma. 
Asphyxial Deaths

Definition: Asphyxia refers to a state in which the body becomes deprived of oxygen while in excess of carbon dioxide (i.e. hypoxia and hypercapnia).
Clinical Picture of Asphyxia:

1. Stage of dyspnea: Dyspnea, altered respiratory rate (tachypnea, bradypnea), anxiety, confusion, rapid pulse.
2. Stage of quiescence: Due to brain anoxia, loss of conscious.
3. Stage of convulsion: (hypoxic convulsion) seizures, central and peripheral cyanosis, absent pulse. 

Mechanism of Death: 

· Oxygen deprivation &Carbon dioxide accumulation (due to airways obstruction). 

· Reduced blood flow to brain (compression of neck vessels).

· Vagal inhibition.

Postmortem Changes in Violent Asphyxia:

* General Signs


External

1. Cyanosis: central and peripheral (reduced Hb). 

2. Congestion of face due to venous obstruction, prominent eyeballs (retro-orbital edema).

3. Petechial hemorrhages: pinpoint petechiae (less than 1 mm) (may be absent, not pathognomonic) due to raised venous pressure. Site: Eye lids, conjunctivae, lips, ears, face, neck, upper chest. D.D.: postmortem petechial hemorrhages in livid areas.

4. Edema: Of face, tongue, larynx with bloody froth from mouth and nostrils.

5. Dark blue hypostasis.

Internal

1. Dark fluid blood due to increased fibrinolytic activity.

2. Visceral congestion.

3. Froth in respiratory tract.

4. Lungs are congested and edematous.

5. Subpleural and subpericardial petecheal hemorrhage (tardieu spots).

6. Silvery spots in lungs (rupture of subpleural alveoli).

7. Cardiac dilatation (not characteristic signs).

* Injuries to the Larynx

a. Hyoid bone: Greater horns fractured by squeezing or downward traction.
b. Thyroid cartilage: Superior horns fractured by squeezing.
c. Cricoid cartilage: Fracture is uncommon by direct blow.
VIOLENT ASPHYXIA

Smothering

It is mechanical obstruction of the external respiratory orifices.  
Conditions:

1. Homicidal: there is usually considerable physical disparity between the assailant and victim, or the victim is debilitated by drugs or injury.

2. Suicidal: plastic bags.

3. Accidental: 

- Children playing with plastic bags, defective cribs.

- Overlaying: A breast-fed baby can be smothered by pressure of heavy breast. 

· PMP:

1. Finger nails abrasion & bruises around nose and mouth (may be absent: soft pillows, clothes).

2. Bruise of mucosa of cheeks and gums.

3. Suicidal death by suffocation with a plastic bag usually reveals moisture on the face and on the inner surface of the bag. There will be no petechiae in face or conjunctiva. 

In general, diagnosis is difficult & made from history and scene   examination.

Choking

It is obstruction of upper airway passages (pharynx, larynx &trachea) from inside. 

Conditions:

- Homicidal: in newborn by stuffing their mouth with piece of cloth or toilet paper.

- Accidental:  

1. Café coronary:  Choking occurs suddenly while eating.  
2. Inhalation of sands and dusts in falling houses.

3. Pathological: inhalation of irritant gases → acute glottic oedema.

· PMP: changes may be minimal the impacted foreign body may be present.

· Causes of death:

1. Airway obstruction by foreign body which may partial that is completed by laryngospasm or increased mucous secretion.

2. Reflex cardiac inhibition.

Throttling (Manual Strangulation)

It is the application of a constricting force to the neck by hands.

Conditions:

- Homicidal: Victims are usually women, children, or the elderly.  

-Accidental: Chokeholds (mugging) are done by placing the forearm across the front of the neck from behind. 

Mechanism of death:

(1) Pressure obstruction of air passages. This results in hypoxic hypoxia which can lead to rapid death.

(2) Compression of one or both of the carotid sinuses can result in reflex cardiac arrest and sudden death.

(3) Obstruction of the carotid arteries and internal jugular veins can result in cerebral hypoxia.

· PMP: general signs of asphyxia. 

· Local signs on neck: 

1. Finger nail abrasion and bruise: crescent in shape, their distribution depends on the perpetrator position in relation to the victim i.e. using both hands they are distributed on front and side of the neck. Using one hand and the attacker is in front, they may be more numerous on one side than the other. In chokeholds, they are absent.

2. Hemorrhage in muscles.

3. Fracture hyoid bone (inward) and thyroid cartilage.

4. Other injuries: abrasion and bruise in other parts of body denoting resistance and struggle.

Medicolegal importance of hyoid bone:

1. Age determination.

2. Denotes the cause of death: inward fracture → throttling and strangulation due to force of compression. Outward fracture → hanging due to traction force. 

3. Diagnosis of heavy metal intoxication (Pb, As, Sb).

Strangulation

Ligature strangulation is a constriction of the neck by ligature, the constricting force being applied directly to the ligature.

- Homicidal: Common

- Accidental: among children playing with ropes

- Suicidal ligatures must be fashioned in such a manner that the pressure on the    neck is maintained after loss of consciousness.       

· PMP: that of asphyxia 

· Local signs in the neck

1. Ligature or rope mark: brown colour and dry leathery band surrounded by abrasion and bruise, either single or double, horizontal, and complete at the lower end of the thyroid cartilage.

2. Petechial haemorrhages in face and conjunctiva are usually prominent.

3. Bruising in soft tissue and muscle.
4. Fracture hyoid bone.

MLI of ligature marks:
It denotes the nature of ligature. Soft fabric-based ligatures may leave a diffuse mark, whilst wires or cords leave a deeper more defined mark.
Hanging

It is external compression of the neck by a ligature so that the force acting on the ligature is all or part of the weight of the body.

The suspension may be 

1. Complete with the feet clear of the floor.

2. Partial suspension.

3. In sitting position where the suspension point is a doorknob.

Point of suspension: may be in the midline either under the chin or at the back of the head, or in the region of one ear.

Conditions:

- Suicidal: common
- Accidental: Common in children they are frequently the result of articles of clothing caught up in machinery.

- Homicidal: Very rare but post-mortem suspension is common. 

Causes of Death:

(1) Obstruction of the airway by the upward displacement of the base of the tongue against the palate and the posterior pharyngeal wall. 

(2) Cerebral hypoxia due to obstruction of the carotid arteries and/or jugular veins or vertebral arteries by compression of the neck through ligature.

(3) Reflex cardiac arrest which is caused by compression of the carotid sinus.

(4) Fracture-dislocation of the cervical vertebrae which is caused by jumping from a height and the falling arrested by a sudden jerk of the ligature. (Judicial hanging).

Autopsy findings: 

A. External and internal signs of asphyxia  
B. Local signs in the neck:

i. Ligature mark
a) A single ligature mark is usually present, but in some cases, more than one mark may be found. 

b) Site: Is usually situated above the thyroid cartilage, but it may be lower in cases of partial suspension. 

c) Direction: oblique, more prominent at the point of suspension.     

ii. Injuries to the tissues of the neck.

iii. Bruises of the connective tissues and muscular tissues at the site of ligature mark. 

iv. Fracture of hyoid: outward fracture.

v. Rupture of endothelium of the carotid artery may occur with sub-endothelial hemorrhage. 

C. Postmortem lividity: When the body is suspended completely, lividity is usually seen in the dependent lower limbs and hands (stocking & gloves). In cases of partial hanging or suspension, lividity is found in the dependent lower parts of the body.

D. Dripping of saliva. 
E. May be dripping of seminal fluid.

Crush or Traumatic Asphyxia

It is an external compression of the chest prevents effective respiratory movements.  These deaths are almost always accidental and occur in situations, such as pinning of the victim beneath an overturned car, or in crowds or mob panics.  In this category also falls the procedure, "burking".
At autopsy: 
1. There is evidence of severe congestion and cyanosis above the level of compression frequently with a sharp line of demarcation.  

2. Petechial haemorrhages are prominent and may be confluent above the point of compression.  

3. There may be associated sternal or spinal fractures and interstitial emphysema.

DROWNING

Drowning is a form of asphyxia due to immersion of the nostrils and mouth in fluid. Immersion may be complete or partial.

Drowning may occur in shallow water especially infants, or under the effect of drugs or alcohol.

Death occurs within 2-5min. 

Mechanism of Drowning:

When the person submerges, sucks in water, holds his breath rises to the surface struggles, inspires, inhales and swallows water, submerges again , and drowning in more water. This process continues until the lungs become steadily heavier and finally full of water and then the body sinks to the bottom followed by loss of consciousness & death. 

Near drowning: Any person who survives after the incident even temporarily.

Manner of Death: 

1. Accidental is the commonest form of death.

2. Suicidal cases of drowning are also very common.

3. Homicidal form of drowning is rare. It requires either physical disparity between the assailant and the victim or a victim incapacitated by disease, drink or drugs, or taken by surprise.

Causes of Death: 

1. Hypoxia (in typical drowning), leading to anoxic brain damage 

2. Reflex vagal inhibition of heart (Instantaneous death) due to sudden, unexpected immersion in cold water. This is "atypical drowning". 

3. Hypothermia (death from loss of body heat) may occur following immersion in cold water. 

4. Laryngeal spasm: in about 20%of casas of drowning due to immediate inhalation of water resulting in reflex spasm of the larynx, early unconsciousness and a rapid asphyxia (dry drowning, in which the lungs appear normal). 

5. Fatal head injury.

Delayed Death ("secondary drowning", post-immersion syndrome)
Occurs after an individual has been taken from the water and appears to have recovered from a near drowning. 

1. Acute pulmonary edema.

2. Pneumonitis, broncho-pneumonia. 

3. Acute renal failure secondary to hemoglobinuria & hypoxia (due to RBCs hemolysis).

4. DIC: due to tissue injury. 

5. Anoxic brain damage.

Postmortem Findings:

External:

A. Findings Due to Submersion into Water (probable signs):

1. Cutis anserina or ‘goose skin' due to contraction of erector pilae muscle.

2. Puckering or wrinkled skin, when this occurs on the hands it is known as washerwoman’s hand. (24-48hr).

3. Separation of skin in the form of gloves and stocks due to accumulation of putrefactive gases (after 2weeks).

B. Findings Due to Drowning (sure signs):

1. Foam 

Externally a fine white froth or foam is seen exuding from the mouth and nostrils. It is sometimes tinged with blood producing a pinkish color. If the foam is wiped away then pressure on the chest wall, will cause more to exude from the nostrils and mouth. 
The foam is a mixture of water, air, mucus and possibly surfactant whipped up by respiratory efforts. Thus, it is a vital phenomenon and indicates that the victim was alive at the time of submersion.

D.D. acute pulmonary edema, drug overdose, foam of putrefaction.

2. Cadaveric spasm where grass or weeds or other objects in the fluid are grasped firmly by the deceased.

Investigations: 

1. Gettler's test; chloride contents of blood of value if done before 24h

2. Diatoms are microscopic unicellular algae of which about 15,000 species are known (approximately half live in fresh water and the other half in sea or brackish water). The cell structure is unique in that it secretes hard siliceous outer box-like skeleton called frustules which are chemically inert and almost indestructible being resistant to strong acids.

Diatoms could enter the systemic circulation via the lungs and reach liver, brain, bone marrow. 

MLI: 

· Their presence in different organs in large numbers is diagnostic of drowning.

· Diagnosis of drowning in decomposed bodies. 

· Denotes the type of water from which the body was recovered. 

Postmortem Changes Due to Submersion:

1. Cooling : Rate of cooling is twice as in air

2. Hypostasis: Is most prominent on the head, neck and anterior chest. Lividity is often blotchy and irregularly distributed, appears a pink or light red color. In cold water it can be dusky and cyanotic.

3. Putrefaction is delayed (2 times less than that of air) and begins first within the areas of lividity i.e. the head, neck and anterior chest. It is accelerated when body recovered from water.

4. Adipocere formation starts to occur if body kept under water for more than3 weeks. It is completed in 6 months.

5. Postmortem Injuries: Abrasions are typically found over the prominent points of the face, anterior trunk and extremities. A wide range of injuries may be produced by battering against rocks or by propeller blades (repetitive parallel chops). The body may be attacked by sharks, small fish, sea lice and other fauna.

Sexual Offences

Definition:

It is any sexual behaviors or activities which are punishable or prohibited by the law, may be consensual or non-consensual, may or may not associated with violence.

Types of Sexual Offences:

1. Indecent assault (Gross Indecency).
· Fondling: Touching of an intimate body part (breasts, genitals, buttocks, anus). 

· Exhibitionism: pleasure in exposure of private parts in a public place. 

· Froteurism (sexual pleasure by rubbing oneself against strangers).

2. Forcing someone to watch pornography or masturbation. 

3. Assault by penetration: Penetration, however slight, of the genital openings by an object or part of the body.

4. Child sexual abuse (pedophilia).

5. Rape.

6. Homosexuality (sodomy& lesbianism).

7. Incest.

8. Bestiality (Zoophilia).

9. Prostitution.

10. Infidelity (adultery).

11. Sexual harassment.

VIRGINITY

· Conditions in which a female is examined for signs of virginity:

1) Alleged rape.

2) Alleged impotence of the husband

3) Alleged non-virginity of the wife  
· Signs of Virginity 

· Intact hymen.  

· Intact posterior commissure & fourchette.

· Firm rounded labia majora , completely closing the vaginal orifice which remains closed in the lithotomy position.

· The vagina is narrow with mucosal rugae.

· Firm hemispherical breasts with small nipples surrounded by rosy areolae

HYMEN

· Definition : 

It is a thin membranous structure about 1 mm thick which partially closes the vaginal orifice in the virgin. It is examined with the female in the lithotomy position, in a good day light, by pulling the labia laterally to expose the stretched hymen.

· Types of Hymen : 
1- Semilunar ( Cresentic ) hymen 

2- Annular hymen


3- Dentate hymen

4- Fimbriate hymen

5- Cribriform hymen

6- Septate hymen

7- Imperforate hymen
· Medico-legal Aspects : ◊

1- The dentate & fimbriate hymens may simulates deflorated hymen                  

2- Elastic hymen 

3- Imperforate hymen 

4- Determination of the date of ruptured hymen i.e. recent or old rupture . 

5- Determination whether the tear is due to single or multiple intercourse .

RAPE

It is defined as intentional and unwanted sexual intercourse (penetration of the vagina, anus, or mouth by a penis). 

· Definition of Consent:

Consent is defined as agreement by choice and freedom, and capacity to make that choice. 

· Circumstances in which a person does not freely agree to an act include: 

1. Person submits because of force, fear, or threat, against the will of a person. 

2. Person submits because of being held captive (which is also against the law).

3. Person incapable of giving legal consent because they are under age of 18. 

4. Have mental/physical/developmental disability. 

5. Person unable to give consent due to intoxication {(drugs/alcohol) Date rape drugs (GHB, Rohypnol, ketamine)}.

6. Unconscious of the act (asleep).

· Examination of Rape Victim 

Aim:
1. To provide immediate medical care such as emergency treatment of the injuries, contraception, antibiotic prophylaxis, hepatitis B vaccination, post-HIV exposure prophylaxis.

2.  To obtain evidence to possibly identify the assailant and use in a later court case. 

Examination:
· Obtain informed consent. 

· Obtain history:

· Estimate the victim's age.

· Asses mental function whether recent impairment or of a long term illness (mental retardation).

· Note the body built, general appearance, demeanor.

· Physical Examination.

· Asses' vital signs.

· Undress the victim while standing on clean examination table paper or white sheet to catch any hair or fibers falling from her.

· All clothes should be placed in individually labeled paper bags. 

· Examine the victim from head to toe including the genito-anal area.

· Asses and describe in detail any physical injuries.

· Document by using body maps or photograph if possible. 

· Genito-anal Examination

· Children & Prepubertal: Knee chest, supine   frog – leg position. 
· Pubertal & adult: lithotomy position.

· Genito-Anal Findings
1. Severity depends on the victim‘s age, amount of resistance, amount of force used, if there is complete introduction or not.

2. Genital injuries are more obvious in virgin. 

· Causes of Hymenal lacerations:

· Penile penetration or penetration by object. (Penile penetration causes tears between 3-9 O'clock).

· Accidents; climbing over a fence or falling on projected object.
· Faulty technique while douching.

· Acute anal penetration (findings):

· Acute anal fissure which is wider externally and narrows internally. 

· Dilated torn anus, bleeding and bruises, skin excoriations and musocal prolapsing.

· Lab tests

· Cultures for: Gonorrhea, Chlamydia, Syphilis.

· Cultures of lesions for herpes.

· Wet prep of vaginal discharge for trichomonas.

· Serological tests for syphilis, hepatitis immunoglobulin and HIV.

· Pregnancy test.

· Follow up Exam

· 1-2 weeks: Repeat pregnancy test if no menses.

· 4 weeks:

- STI (sexual transmitted infection).

- Hepatitis B.
- HIV.

Abnormal Sexual Relations

 SODOMY 

· Definition:
Sodomy: Is the anal intercourse between two males. The two males may alternately act as active and passive partner. The active partner is the one who perform the act & the passive partner is the one on whom the act is performed. The act is a crime in both parties and consent cannot legitimize this offence i.e. both  offenders ( passive & active ) are liable to punishment.

· Diagnosis :

1-Sodomy is to be suspected when seminal stains are found in a boy below puberty , especially on his underclothing .

       2-Habitual Passive Partner (male prostitute): Have characteristics  gait, dress , and speech and if he is asked to lie for examination he immediately and knowingly takes of the knee-elbow or knee-chest position without any hesitation .

· Examination of the passive partner should be done in knee-elbow position after taking the consent of the homosexual. 

· General examination

· Local examination: 

· The anal orifice is deeply seated , patulous ( dilated ) , and usually some degree of prolapse of mucous membrane of the anal canal . Dilatation in post-mortem examination is not reliable as sphincter dilatation is a normal post-mortem finding .

· The sphincter loses its normal tone , leading to loss of the normal radial folds . While mild traction on the buttocks causes wide dilatation of the opening . This loss of tone may be so marked that it may lead to actual incontinence .

· Various degrees of piles , fissures and fistulae are also frequently found .

· Perianal hair may be matted together by the deposition of semen or lubricant 

· A swab must be taken from the anus and rectum searching for presence of spermatozoa & venereal diseases .

· Examination of the active partner 
Lesbianism (Female Homosexuality)
          It is the sexual connection between two females for gratification of sexual desire. The condition is of little medico-legal importance as if both female are consenting it is not punishable , and medico-legal examination is of no value in deciding whether the offence has taken place or not .

· Bestiality

        This is sexual intercourse between a human being and an animal either through the anus or the vagina , the offence is punishable . 

· Buggery

     This is anal intercourse between a male and a female partner , it is a form of sodomy . It may constitute the base of divorce if claimed by the wife , but examination is extremely difficult as the anal orifice can be quite lax following childbirth , particularly if there has been peineal tear , and some healed fissures and old piles may be a normal finding

Necrophilia



    This is a sexual intercourse with the dead body.

Incest

This a sexual relations between forbidden relationships e.g. father & daughter, mother & son,brother& sister.

Fetichism

 This is a peculiar type of sexual perversion in which sexual gratification is associated with contact and sight of certain parts of the female body, or even clothing such as undergarments, shoes, and handkerchief.  
Exhibitionism

  This is a sexual perversion in the form exposure and exhibition of the genitals 

Sadism

 This is sexual perversion in which infliction of pain is necessary and sometimes the sole factor for sexual gratification . 
ABORTION

· Definition:

It is the expulsion of the contents of a gravid uterus at any time before full term.

· Medicolegal conditions in which a female is examined for abortion:

1- A woman alleges that she has been aborted after a blow or a kick in a quarrel to inflect more penalties on the assailant. Also, to take a compensation after a transportation accident.

2- A woman may notify that a physician brought her into abortion by giving her some abortifacient drugs.

3- A woman may try to conceal abortion after being charged with it.

4- A dead woman after abortion to investigate the case.

· Types of abortion

· Spontaneous Abortion (10-25% of all pregnancies)
The pregnancy may terminate spontaneously and independently of any known external factors. The following are common causes:

1- Diseases of the mother:

· General: Diabetes mellitus, hypertension, malaria, chronic nephritis.

· Local: uterine hypoplasia, fibroids, uterine displacement.

2- Diseases of the fetus, membranes or placenta:

e.g. vesicular mole, acute polyhydramnios or fetal anomalies.

· Induced Abortion

It could be self induced or by another person. It is either therapeutic or criminal.

a- Therapeutic (Lawful) Abortion:

Definition: Induction of abortion to save the life of the mother as in:

· Decompensated cardiac conditions.

· Chronic rheumatic fever.

· Active pulmonary tuberculosis.

· Uncontrolled diabetes mellitus.

· Cancer breast.

· Hyperemesis gravidarum.

· Eclampsia.

The obstetrician who carries out a therapeutic abortion has to:

1- Consult a specialist to give his agreement.

2- Have a written consent of the woman and, her husband.

3- Choose a hospital with all precautions and adequate records. (abortion must be done in a hospital).

b- Criminal (illegal) Abortion: 

Definition: Induction of abortion due to any reasons other than saving the mother’s life.
Methods of Induction of Abortion:

I- General Violence:

II- Local Violence:

A- Nonprofessional persons:

1. Introduction of foreign body e.g., knitting needle, stick (piece of wood), elm bark (slippery and flexible) to cause rupture of the membranes & uterine contractions.

2. Insertion of a double nozzle or a Higginson syringe and flushing the uterus with antiseptic solution (glycerin, iodine), the fluid separates the sac from the interior of the uterus. 

B- In medically trained people: 

During First 12 Weeks

I-Surgical evacuation:
- Suction evacuation.

- Dilatation &curettage (D&C). 

II-Antiprogesterone used within 20 days after first missed period e.g → mifepristone single oral dose 600mg followed 48 hrs. later by administration of vaginal tables of 1 mg gemeprost (prostaglandin analogue).

· Substances Used in induction of abortion (Abortifacient):

a) Ecbolics: have specific action on the uterus leading to its contraction e.g.:

· Ergot (ergometrine). → vascular spasm and gangrene.

· Prostaglandins: PGE2 and F2 Pituitary extract (posterior lobe) 

· Oxytocin

b) Purgatives: They lead to reflex contraction of the uterus, e.g. Croton oil, castor oil, Jalap , colocynth.
· Dangers (Complications) of Abortion

I- Neurogenic shock:

Parasympathetic: Reflex cardiac inhibition due to mere touching of the cervix with an instrument, sudden dilatation of the cervix or sudden hot or cold douches.

II- Hemorrhage:

a- Primary:

b- Secondary:

It occurs due to sepsis which causes dislodgment of thrombi from the opened uterine vessels.

III- Venous air embolism:

Air is introduced into the uterine veins, to Rt. Heart during douching or flushing the uterus.

IV- Amniotic embolism: Amniotic fluid, containing vernix and fat can pass through opened veins to the lungs and cardiac vessels.

V - Acute poisoning: due to rapid absorption of poison from vaginal mucosa.

VI- DIC (disseminated intravascular coagulopathy) in cases with severe bleeding.

VII- Sepsis: (septicemia).

a- In instrumental abortion: occurs early in the first three days.

b- In non-instrumental abortion: delayed and occurs after a week or more.

· Diagnosis of Abortion

I- In the living:

1- Patient’s consent: for examination.

2- History is taken.

3- Signs of pregnancy:

a- Breast and abdominal changes.

b- Biological tests of pregnancy remain positive for 2 weeks after abortion.

4- Signs of general violence: The abdomen and back may show contusions.

5- Signs of local violence :

· Cervix

· Vagina:

6- Laboratory investigations:

· Syphilis and diabetes.

· Blood, urine and stools are examined for abortifacient drugs.

7- Products of abortion:

· Precipitin test for products of abortion.

· Age of the fetus is estimated and compared with the history.

· Fetus macerated: intrauterine fetal death.

II- In the dead:

There will be signs of abortion in the living, in addition to the following:

1- Peritoneum: shows evidences of peritonitis and perforated or ruptured uterus.

2- G.I.T shows irritation due to purgatives.

3- Vagina must be examined 

4- Cervix must be examined 

5- Uterus: must be examined for:

· Size.

· Contents & Inflammation.

Suspicious Deaths in Infants and Children

Infant Death: may be 

1. Homicidal "infanticide is the killing an infant in first year of life. During first day "neonaticide", after one day of birth "felicide".

2. Unknown cause: sudden infant death syndrome: SIDS. 

3. Natural cause:

· Pathological condition: Prematurity, congenital anomalies, hyaline membrane disease, Rh incompatibility.

· Complication during labor: Asphyxia neonatorum, cord prolapse, precipitate labor. 

INFANTICIDE

It is the deliberate killing of infant, usually newborn (during first day), by his mother or other person "father, stepfather by commission or by omission (negligence). 

· A still-born: show no life signs after being completely expelled from its mother.

· Live-births: show life signs when only even partly extruded from the birth canal.

· Viability: the potential ability of an infant to survive after birth (28w).

· Signs of Live-Birth: 

External signs:

1. Changes around umbilicus (may be absent if killed in first 24h): 

- 1 day after birth: ring of hyperemia.

- 2 days: ulceration of the ring.

- 1 week: stump falls.

- 2 weeks: healed wound (umbilicus is formed).

2. Desquamation of the skin starts 2 days after birth &completed in 2 weeks.

3. Well formed stools DD meconium dark green. 

4. Absence of maceration (denotes intra-uterine fetal death).

5. Antemortem injuries (in case of infanticide).

Internal signs:

1. Signs of respiration: large voluminous lungs covering the heart, mosaic appearance, rounded edges & crepitation under the fingers.

2. Signs of feeding: colostrums or digested milk in stomach, yellow well-formed stools in the bowels.

3. Cardio-vascular signs:

· Umbilical vessels: They change into fibrous cord after 4 weeks.

· Foramen oval: It closes 1 week of birth.

· Ductus arteriosus: actual obliteration occurs after 6 weeks.

· Signs of still birth:

1. No signs of respiration.

2. No changes around the cord. 

3. Maceration may be present if there is intrauterine fetal death (brown discoloration of skin, blistering and peeling of epidermis, rancid smell, softening of body, overriding of skull bones).

· The Methods of Killing Usually Employed Are:

(1) Suffocation by the hand or a cloth. 

(2) Strangulation with the hands, by a tape or ribbon, or by the umbilical cord itself. 

(3) Blows on the head, or dashing the child against the wall. The condition should be differentiated from difficult & precipitate labor that may be claimed by the defense of the accused mother.

(4) Drowning by putting it in the privy or in a bucket of water.

(5) Omission: by neglecting to do what is absolutely necessary for the newly-born child—e.g. not separating the cord; allowing it to lie under the bed-clothes and be suffocated.

· Role of Physician:

1. Assist in identification the mother if she is unknown.

2. Asses' maturity &viability.

3. To determine whether the child was still born & whether it had separate existence.

4. To determine whether death had occurred due to natural cause or by omission or commission.

Sudden Infant Death Syndrome (SIDS)

COT DEATH

It is sudden death of an infant <1year which remains unexplained after thorough case investigation, including performance of complete autopsy, death scene examination and review of medical history.

· Characters:  

1. Age incidence usually between 2-4 months.

2. More among male infants.

3. More in winter.

· Risk factors:

1. Bottle fed babies.

2. Twins.

3. Low socioeconomic status.

4. Premature and low birth weight. 

5. Prone sleeping position.

6. Full term infants who have had an ALTE (acute life-threatening events).

7. Substance-abusing mothers.

Health condition: 40% complete health, others suffer from mild respiratory problems or gastroenteritis.

· Theories:

1. Developmental alteration in cardiac sympathetic innervations leading to fatal cardiac arrhythmia.

2. Apnea theory: which may be central due to incomplete development of the CNS (brain stem) or obstructive (usually due to upper airway obstruction), or mixed.

3. Hypothermia or hyperthermia.

4. Infections. 

5. Immunological disturbance.

6. Suffocation. 

CHILD ABUSE

· Definition: 

It is any harm or threatened harm to a child which results from the actions of a parent, adult member of the household or other person responsible for the welfare of the child. 

· Types:

The major types of child abuse are:

· Physical abuse 
· Sexual abuse 
· Emotional abuse 
· Neglect 
· Munchausen syndrome by-proxy inducing medical illness in a child or wrongly convincing others that a child is sick. 

· Drug use during pregnancy – Drug and alcohol use during pregnancy or lactation can be harmful to your child, leading to problems such as Fetal Alcohol Syndrome. 

· Indicators of Abuse:

1-History

a) The history offered does not adequately explain the injury with regard to its nature, distribution or severity. 
b) The caretaker changes the history over time.

c) No history is offered to explain a serious injury.

d)  A serious injury is blamed on another child. 

2- Injuries

a) There are multiple injuries of various types and of different ages. 

b) The injuries are symmetrical (e.g. involve both hands and both feet). 

c) Injuries are found in areas typically used for punishment (e.g. buttocks). 

3- Significant delay in seeking medical attention for an injury which is sufficiently severe that a reasonable parent would have realized it required treatment. 

· Physical Abuse 

Common Types of Abusive Injuries:

1-Bruises

· Curvilinear bruises resulting from blows with belts, ropes, electrical cords. Linear bruises resulting from blows with sticks.  

· Parallel linear bruises on the cheek or buttocks separated by clear spaces a finger’s breadth wide, representing a forceful hand slap. 

· Grouped round bruises in a pattern resembling the imprint of knuckles, produced by a blow with the closed fist.  

· Patterned bruises taking the shape of the object used to strike the child such as, fly swatter, wooden spoon, hair brush or cooking spatula.

· Bite marks. 

Accidental bruising typically occurs in the following locations:

· Knee and shin. 

· Forearm. 

· Forehead and chin. 

· Bony prominence, such as elbows.

2- Burns

3- Fractures 
High Specificity: 

· Classic metaphyseal lesions (at corner).
· Rib fractures, especially posterior.
· Scapular fractures.
· Spinous process fractures.

· Sternal fractures. 
Moderate Specificity: 

· Multiple fractures, especially bilateral.

· Fractures of different ages.

· Epiphyseal separation.

· Vertebral body fractures. 

· Digital fractures.

· Complex skull fractures.

Common but Low Specificity 

· Clavicular fractures.

· Long bone shaft fractures.

· Linear skull fractures.

4- Abdominal Injuries due to blows or kicks to the abdomen: 

· Laceration of the Liver. 

· Rupture of the Spleen: 

· Renal Contusion or Laceration.

· Pancreatic Pseudocyst: Non-specific abdominal complaints may lead to the diagnosis of these conditions, weeks or months after the original injury.

· Laceration of Mesenteric Blood Vessels

· Rupture of a Hollow Viscus: 

5- Head Injuries

Household falls do not, however, result in cerebral damage, complex skull fractures, or life-threatening intracranial hemorrhage. The single important exception to this rule is the epidural hematoma, which may occur following vertical falls from relatively low heights.
· Cerebral Contusion.

· Intracranial Hemorrhage: subdural hematoma. Blood may sometimes also be found in the subarachnoid space. 

· Diffuse Axonal Injury.

· Hypoxic-Ischemic Encephalopathy: 
· Cerebral Edema.
· The shaken baby syndrome (SBS), or shaken impact syndrome, is a well-recognized clinical syndrome caused by violent shaking of young infants, often followed by an impact to the head from being thrown onto a fixed surface. These actions result in a constellation of physical examination findings including the following:

· Retinal hemorrhages. 

· Intracranial trauma (particularly subdural hemorrhage).

· Diffuse axonal injury.

· Secondary cerebral edema.

· Fractures of the posterior and anterolateral ribs or metaphyses of long bones (eg, tibia, humerus).

Child Sexual Abuse (CSA)

It is the involvement of a child in sexual activity that he or she does not fully comprehend, is unable to give informed consent to, or for which the child is not developmentally prepared, or that violate the law.

· Diagnostic Criteria of Sexual Abuse:

A-Evidence of penetrating trauma:

1. Acute laceration or ecchymosis of the hymen.  Penile penetration causes tears between 3-9 O'clock, while digital penetration causes tear between 9-3 O'clock)

2. Absence of hymnals tissue in any portion of the posterior half. 

3. Healed hymnals transection or complete cleft. 

4. Hymnal attenuation (lat& post) accompanied by wide orifice (admit index finger without discomfort, denote digital penetration, 2 fingers consistent with penile penetration), may be symmetrical, or asymmetrical with clefts (square shaped or distorted).

B- Sexual transmitted disease (Gonorrhea, syphilis, Chlamydia)

C- Pregnancy                     D- Semen.
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