Sherlock Bones Lab Activity
Materials
Vernier caliper

Protractor

Metric ruler

Calculator

Skeleton parts

Scenario

Your local police department has been searching for three individuals who have been reported missing within the last two years. Recent news of the discovery of human bones in the area has given rise to new hope of identifying one of these individuals. As Sherlock Bones, the lead forensic anthropologist on the case, it is your job to provide the authorities with a physical description of the individual. 

Key Direction/Anatomical Terms
Anterior (ventral) – situated in front of; the front of the body

Posterior (dorsal) – situated in back of; the back of the body

Superior – toward the head; relatively higher in position

Inferior – away from the head; relatively lower in position

Medial – toward the midline of the body

Lateral – away from the midline of the body

Proximal  – closer to the point of reference on the body

Distal – farther from any point of reference on the body

PELVIS – refer to figure 2 – 8 when assessing the pelvis

Sex Determination
1. Determine the sub pubic angle (figure 6, #1) by using the method shown in the picture above: Situate your protractor so that the black dot located at the base of the protractor, is positioned at the midline of the pubic symphysis (figure 6, #2) where the ramus of each ischium (figure 6, #4) would meet if the bones continued onward. Align the “0” baseline with the ramus of the left ischium and determine the degree of the angle formed by the two rami of the ischium bones. Record your results on Table 1 on the Analysis  paper. 
2. Use the Vernier caliper to measure the pubis body width (figure 6, #10). Start at the middle of the lateral edge of the pubic symphysis (figure 6, #2)  and measure across to the medial edge of the obturator foramen (figure 6, #6). Record your results in Table 1.

3. Locate the greater sciatic notch (figure 8, #11) and use the following method to measure its angle: Place the pelvis posterior side down on a piece of paper and turn it in such a way that the sciatic notch is closest to the paper. Trace the angle of the sciatic notch onto the piece of paper.  Use a straight edge to go over the lines you have just made and extend those lines until they meet to form an angle. Use your protractor to measure the angle you have just drawn by following the same technique listed in step one. Record your results on Table 1.
4. Locate the sacrum(figure 7, #8) and the coccyx (figure 8,#9). Hold the pelvis in such a  way that the pubic symphysis (figure 6, # 2) is facing down and parallel to the tabletop as shown in Figure 7. Hold the pelvic cavity (figure 7,#12) at eye level in order to observe its shape properly. Is the opening circular and wide, showing mainly coccyx (as shown in Figure 5) or is it more heart shaped, showing a large portion of the sacrum and the coccyx (as shown in figure 3)? Record your results  in Table 1.

Age Determination
1. Refer to Table 8 in the analysis section to determine  the approximate age when each bone will have fused and/or completely ossified (i.e. there is no evidence of an epiphysis or cartilaginous line)

2. Inspect the entire pelvis carefully. Pay close attention to any evidence of epiphyseal unions. In Table 8, draw a circle around each age or age group in which the specified developmental occurrence has already taken place. 

SKULL – Refer to figures 9-24 when assessing the skull.

Sex Determination
1. Run your finger over the upper edge of the eye orbit (figure 13, #13) Is it rounded or sharp? Record your results in Table 2.

2. Observe the shape of the eye orbit. Is it closer to being square or round? Record your results in Table 2.

3. Locate the zygomatic process (figure 14, #15). Is this ridge expressed beyond the external auditory meatus (figure 14, #16)? Record your results in Table 2.
4. Observe the occipital region of the skull (figure 14, #17). The nuchal crest is a ridge that runs along the base of the occipital bone (figure 15, #18). Is this area smooth (similar to the rest of the skull) or rough and bumpy? Record your results in Table 2.
5. Is there a single bump known as the external occipital protuberance, present in this region? (figure 15, #19). Record your results in Table 2.

6. Observe the frontal bone from the side(figure 14, # 20). Is it low and slanting (as in figure 10) or rounded and globular (as in figure 12)? Record your results in Table 2.

7. Observe the mandible from the inferior view (as shown in figure 15, #21). Does it look squared and U-shaped or rounded and V-shaped?  Record your results in Table 2.

8. Observe the ramus of the mandible (figure 14, #22) Draw an imaginary vertical line down from the external auditory meatus (figure 14, #16) to the floor (being sure to keep the skull oriented so it is anatomically correct). Is this line fairly parallel with the ramus, indicating that it is straight, or does the ramus slant away from the imaginary line as your eye moves down it? Record your results in Table 2.

Race Determination
1. Using your Verneir caliper, determine the nasal width by taking an inside measurement of the widest portion of the nasal cavity (figure 13, #23). Determine the nasal height by placing one end of your caliper on the nasion (figure 13, #24) and the other end on the nasal spine (figure 13, #25). Determine the nasal index by dividing the nasal width by the nasal height and record your result in Table 5.

2. To demonstrate racial differences among skull, use your metric ruler to determine the nasal width and height of each of the skulls in figures 22, 23, and 24. Record this information in the space provided below Table 5. Determine the nasal index of each skull and record your results in the space provided. Answer the question that follows these results.
3. The nasal spine is located medially at the base of the nasal cavity (figure 14, #25). To assess the prominence of this protrusion, rest your pencil, sideways, across the maxilla (figure 13, #27). Try to run the pencil gently onto the nasal cavity. Is the nasal spine so prominent that it completely blocks your pencil from reaching the nasal cavity, or does your pencil run over a small protrusion in order to reach the cavity, or is the spine so small that your pencil can easily glide into the opening? Record your results in Table 5.
4. Feel the base of the nasal cavity, on either side of the nasal spine 9figure 13, #26). Do you feel sharp ridges (nasal silling), rounded ridges, or no ridges at all (nasal guttering)? Record your results in Table 5.
5. A jaw is considered to be prognathic if it juts out away from the face. To assess prognathism, hold your pencil in a vertical position against the nasal spine (figure 14, #25) and lower the pencil toward the face and attempt to touch the chin. Does the pencil touch, or come close to touching, both the anterior nasal spine and the chin at the same time or does the pencil angle out too far due to a protruding jaw? Record your results in Table 5. See figures 17, 19, and 21 to compare prognathism between races.

6. Observe the shape of the eye orbits (figure 13, #13). Are they rounded and somewhat square rounded and circular, or fairly rectangular? Record your results in Table 5.

TIBIA (long leg bone A) – Refer to figure 25 (tibia) when assessing the tibia.

Sex Determination
1. Using your Vernier caliper, determine the maximum epiphyseal breadth of the proximal tibia by measuring the maximum distance between the lateral condyle (figure 25, #28) and medial condyle (figure 25, # 29). Record your results in Table 3 tibia.
2. Using your Vernier caliper, determine the maximum epiphyseal breadth if the distal tibia by measuring the maximum distance between the tibiofibular joint (figure 25 #30) and the medial malleolus (figure 25, # 31). Record your results in Table 3 tibia.

3. Using your large caliper, obtain the maximum length of the tibia by measuring from the most superior surface of the lateral condyle to the most distal tip of the medial malleolus. Record your results in space above Table 6 tibia.
Age Determination
1. Refer to Table 9 to determine the approximate age when each bone initially appears or joins the shaft of the tibia.

2. Inspect the tibia bone carefully. In Table 9, draw a circle around each age or age group in which the specified developmental occurrence has already taken place. 

FEMUR (long leg bone B) – Refer to figures 25 – 26 (femur) when assessing the femur.

Sex Determination
1. Using the Vernier caliper, measure the vertical diameter of the femoral head (figure 26, #35) and record your results in Table 3 femur.

2. Using the Vernier caliper, determine the bicondylar width by measuring the distance from the most lateral portion of the internal condyle 9figure 25, #34) and the most lateral portion of the external condyle (figure 25, # 33). Record your results in Table 3 femur.

3. Using your large caliper obtain the maximum length of the femur by measuring from the most superior portion of the femoral head (figure 25, #280 to the most inferior portion of the internal condyle (figure 25, #34).  Record your results  in Table 3 femur.

Race Determination
1. Lay the femur down on the table in such a way that the lesser trochanter (figure 25, #31) is closest to the table. Place the palm of your hand flat on the table and try sliding your fingers underneath the curvature of the shaft (figure 25, #32). Do they fit? If so, the Negroid race can be eliminated. If not, the Caucasoid race can be eliminated. Record under  Table 5.

Age Determination

1. Refer to Table 9 to determine the approximate age when each bone initially appears or joins the shaft of the femur.

2. Inspect the femur bone carefully. In table 9, draw a circle around each age or age group in which the specified developmental occurrence has already taken place.

HUMERUS – Refer to figures 27 – 29 when assessing the humerus

Sex Determination
1. With your Vernier caliper, measure the transverse diameter of the humeral head (figure 29, #43) and record your results in table 4.

2. With your Vernier caliper, measure the vertical diameter of the humeral head (figure 28, #44). Record your results in Table 4.

3. Using your large caliper, obtain the maximum length of the humerus by measuring from the most superior portion of the humeral head (figure 27, #36) to the most inferior portion of the trochlea (figure 27, #40). Record your results in Table 4 and in the space provided above Table 7.

4. Using your Vernier caliper, obtain the epicondylar width by measuring from the most lateral portion of the internal condyle (figure 27, #39) to the most lateral portion of the external condyle (figure 27, #42).  Record your results in Table 4.

Age Determination – See directions under the femur, tibia or the pelvis but look at Table 10.  Draw a circle as you did before.
FINAL DETERMINATION!!!!!!!!!!!


Remember that all of the bones used to assess any given trait should be looked at as a whole. For example, if the majority of the bones used to determine the sex indicate that the individual was male, then your final determination of sex should be male.
1. Based on your results entered in Tables 1 – 4 make a final determination as to the sex of this individual. Write this answer in the space provided below Table 4.

2. Based on your results entered in Table 5 make a final determination as to the race of this individual. Write this answer in the space provided.

3. Now that you have determined the sex and race of this individual,  you can now determine the height by following the steps below:

a. In the space provided just above Table 6 femur or tibia, convert the data for the maximum length of the tibia (MLT) or femur (MLF) from millimeters to centimeters. In Table 6, locate the regression formula that corresponds to the sex and race of the skeleton as you have determined them. (You do not have to do anything with the other sex or race parts of the table). Insert the (MLT) or (MLF) into this formula and calculate. Record  the height in centimeters to the right of this formula. Use the corresponding confidence interval to calculate the height range.

b. Repeat the above step for the maximum length of the humerus (MLH) in order to complete Table 7.
c. To determine the probable height range of this individual, refer to Tables 6 & 7 and record the minimum value and the maximum value of the calculated height ranges in the space provided below Table 7. Convert each value to feet and inches following the instructions provided below Table 7.

4. Based on the ages circled in Tables 8, 9, and 10, determine the minimum age of this individual at the time of death. Write this answer in the space provided below Table 10.

5. Record your final conclusion in the space provided at the end of the analysis.

KEY TO ANATOMICAL PHOTOS
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Names __________________________________________________________ Hour _________________

Sherlock Bones Analysis Sheet

SEX DETERMINATION
Table 1 - PELVIS
	Trait
	Result
	Female
	Male

	Sub-Pubic Angle
	
	>90˚
	<90˚

	Pubis Body Width
	
	~40mm
	25 – 30mm


	Greater Sciatic Notch
	
	>68˚
	<68˚

	Pelvic Cavity Shape
	
	Circular and wide, showing mainly coccyx
	Heart-shaped, showing scrum and coccyx


Table 2 – Skull

	Trait
	Result
	Female
	Male

	Upper Edge of Eye Orbit
	
	Sharp
	Blunt

	Shape of Eye Orbit
	
	Round
	Square

	Zygomatic Process
	
	Not Expressed beyond external auditory meatus
	Expressed beyond external auditory meatus

	Nuchal Crest (Occipital Bone)
	
	Smooth
	Rough and Bumpy

	External Occipital Protuberance
	
	Generally absent
	Generally present

	Frontal Bone
	
	Round, globular
	Low, slanting

	Mandible Shape
	
	Rounded, V shaped
	Square, U shaped

	Ramus of Mandible
	
	Slanting
	Straight


Table 3 – Femur
	Trait
	Result
	Female
	Indeterminate Sex
	Male

	Vertical (maximum) diameter of femoral head (mm)
	
	<43.5
	43.5 – 44.5
	>44.5

	Bicondylar Width (mm)
	
	<74
	74 – 76
	>76

	Maximum Length (mm)
	
	<405
	405 – 430
	>430


Table 3 – Tibia

	Measurement
	Result
	Average Female
	Average Male

	Maximum Epiphyseal Breadth of Proximal Ttibia (mm)
	
	70.26
	79.40

	Maximum Epiphyseal Breadth of Distal Tibia (mm)
	
	46.31
	52.48


Table 4 – Humerus

	Trait
	Result
	Average Female
	Average Male

	Transverse Diameter of Humeral Head (mm)
	
	37.0 – 39.0
	42.7 – 44.7

	Vertical Diameter of Humeral Head (mm)
	
	42.7
	48.8

	Maximum Length (mm)
	
	305.9
	339.0

	Epicondylar Width (mm)
	
	56.8
	63.9


Final Sex Determination ____________________________________________________

RACE DETERMINATION


Nasal width __________________mm

Nasal height ________________mm
Table 5 – Skull

	Trait
	Result
	Caucasoid
	Mongoloid
	Negroid

	Nasal Index
	
	<0.48
	0.48 – 0.53
	>0.53

	Nasal Spine
	
	Prominent spine
	Somewhat prominent spine
	Very small spine

	Nasal silling/guttering
	
	Sharp ridge (silling)
	Rounded ridge
	No ridge (guttering)

	Prognathism
	
	Straight
	Variable
	Prognathic

	Shape of Orbital Openings
	
	Rounded somewhat square
	Rounded, somewhat circular
	Rectangular


Caucasoid skull:

Nasal width ________mm ÷ Nasal height _______ mm = Nasal index ___________

Mongoloid skull:
Nasal width ________mm ÷ Nasal height _______ mm = Nasal index ___________
Negroid skull:
Nasal width ________mm ÷ Nasal height _______ mm = Nasal index ___________

Are the nasal indexes of each racial group close to the ones that appear in Table 5? If not, what could account for this inconsistency?

Femur 
       Caucasoid – fingers can fit under curvature of femur

Negroid – fingers cannot fit under curvature of femur

Final Race Determination ____________________________________________

HEIGHT DETERMINATION



Femur 

Maximum Length of Femur (MLF) ___________________ mm = ____________cm

Table 6 – Femur

	   Male
	Female

	Race
	Regression Formula
	Height (cm)
	Confidence Interval
	Height range (cm)
	Regression Formula
	Height (cm)
	Confidence interval
	Height range (cm)

	Caucasoid
	2.32 (MLF) + 65.53
	
	+3.94
	
	2.47 (MLF) + 54.10
	
	+ 3.72
	

	Mongoloid
	2.15 (MLF) +72.57
	
	+3.80
	
	2.45 (MLF) +56.72
	
	+3.67
	

	Negroid
	2.10 (MLF) +72.22
	
	+3.91
	
	2.28 (MLF) + 59.76
	
	+3.41
	


Tibia

Maximum Length of Tibia (MLT) ___________________mm = _______________cm
Table 6 – Tibia

	   Male
	Female

	Race
	Regression Formula
	Height (cm)
	Confidence Interval
	Height range (cm)
	Regression Formula
	Height (cm)
	Confidence interval
	Height range (cm)

	Caucasoid
	2.42 (MLT) + 81.93
	
	+4.00
	
	2.90 (MLF) + 61.53
	
	+ 3.66
	

	Mongoloid
	2.39 (MLT) +81.45
	
	+3.27
	
	2.68 (MLF) +67.05
	
	+3.68
	

	Negroid
	2.19 (MLT) +85.36
	
	+3.91
	
	2.45 (MLF) + 72.56
	
	+3.70
	


Humerus
Maximum Length of Humerus (MLH) ________________mm = _____________________cm

Table 7 – Humerus

	   Male
	Female

	Race
	Regression Formula
	Height (cm)
	Confidence Interval
	Height range (cm)
	Regression Formula
	Height (cm)
	Confidence interval
	Height range (cm)

	Caucasoid
	2.89 (MLH) + 78.10
	
	+4.57
	
	3.36 (MLH) + 57.97
	
	+ 4.45
	

	Mongoloid
	2.68 (MLH) +83.19
	
	+4.16
	
	3.22 (MLF) +51.32
	
	+4.35
	

	Negroid
	2.88 (MLF) +75.48
	
	+4.23
	
	3.08 (MLF) + 64.67
	
	+4.25
	


Minimum value = __________cm ÷ 2.54 = ___________ inches = __________feet  ________ inches
Maximum value = __________cm ÷ 2.54 = ___________ inches = __________feet  ________ inches

AGE DETERMINATION
Table 8 – Pelvis
	Developmental Occurrence
	Approximate Age

	The pubis bone and ischium are almost completely united by bone (Figure 6)
	7 – 8 

	The ilium, ishium and pubis bones are joined together (Figure 6)
	13 – 14 

	The two lowest segments of the sacral vertebrae become joined together (Figure 8) 
	18

	The ilium, ischium, and pubis bones become fully ossified with no evidence of epiphyseal unions (indicated by cartilaginous lines)
	20 – 25 

	All segments of the sacrum are united with no evidence of epiphyseal unions
	25 – 30 


Table 9 – Femur and Tibia

	Developmental Occurrence
	Approximate Age

	The greater trochanter first appears
	4

	The lesser trochanter first appears
	13 – 14 

	The head, greater trochanter and lesser trochanter first join the shaft
	18

	The condyles first join the shaft
	20


Table 10 – Humerus
	Developmental Occurrences
	Approximate Age

	The head and tuberosities join to become a single large epiphysis
	6

	The radial head, trochlea and external condyle blend and unite with the shaft
	16 – 17 

	The internal condyle unites with the shaft
	18

	The upper epiphysis unites with the shaft
	20


Final minimum age determination (range) _______________________________________ years

Names ____________________________________________ hour ______

Sherlock Bones Assessment Questions

1. What surprised you about how you to determined age, sex, height or race from bones? Why?

2. Below are the descriptions of the three missing persons the police have been investigating. Based on your findings, which of the three individuals listed could you safely eliminate as a positive identification? Why?

Kim Lee – A 15 year old, Asian female, standing 5’0” tall

Theresa Woods – A 45 year old, African American female, standing 5’3” tall

Jonathan Parker – A 24 year old, Caucasian male, standing 5’5” tall

3. You have been asked to testify in court on the evidence found in this case. Will you testify that the remains you have examined were in fact those of any one of the individuals listed above? Why or why not?

4. What information about the remains you have examined could you safely discuss in your testimony?

5. How did your findings compare with the rest of the class and with the actual data? What could account for any variations that exist?

6. Of the bones you examined which was the most helpful for determining the following and why? 

Age – 




Height – 




Sex – 




Race – 

