WJEC (Eduqas) Biology A-level
Option 3.B: Human
Musculoskeletal Anatomy
Questions by Topic



Skeletal muscle is made up of bundles of fibres, which have a striated appearance. Each fibre
contains numerous myofibrils. The image below shows a micrograph of a sarcomere.

Sarcomere

SAL VR

The drawings below represent the same structure from different regions but in a different plane
from the image above.

s B

(a) (i) State whether circles A-C represent transverse or longitudinal sections. [1]

(i) With reference to the micrograph, for each of the circles state which region of the
sarcomere they are taken from and explain your reasoning. [3]
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(i) Describe how the different protein fibres interact to bring about contraction of the
sarcomere. [4]
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(b) In 2016 Tim Peake was the first British astronaut to spend time on the International Space
Station. Research has taken place on astronauts into the effect of prolonged space flight
on muscle atrophy. During space flight, astronauts have to exercise, often spending
several hours per day on a treadmill.

The images below show electron micrographs of muscle fibres obtained from the muscles
of an astronaut before (A) and after (B) a 17-day space flight. The before flight fibres have
wider myofibrils whereas myofibrils after flight are narrower, indicating atrophy.

A Dbefore flight B after flight

The diagram below represents the atrophy demonstrated in the protein fibres after flight
when compared to normal protein fibres.
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(i) Why is it important that muscle sample, before and after flight, is taken from the
same muscle in the same astronaut? [1]

(i) Using the image and your knowledge of muscle contraction, conclude how
spaceflight would affect the maximum force that the muscle could generate.  [2]
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(c) The bones of the skeleton can fracture for a variety of reasons. The X-rays below show
two such injuries:

C Lower right leg D Left hip

X-ray C is taken from a healthy 19-year-old male with a displaced fracture of the fibula.

X-ray D is from a 75-year-old woman, suffering from osteoporosis with a non-displaced
fracture of the femur.

() Explain why the fracture shown in X-ray C is more likely to heal with the best chance
of full recovery than the fracture shown in X-ray D. 2]

(i) Both fractures required surgery and the use of screws and/or metal plates.

Suggest why this treatment would lead to a faster recovery than bed rest or
immobilisation. 1
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(d) The drawings below show the muscles that control movement of the lower arm. These
muscles work with the elbow joint as levers.

=

load
fulcrum fulcrum
(elbow joint) (elbow joint) load
(i) State the orders of lever represented in the elbow joint when the: 1]

Biceps are contracting ...
Triceps are comtracting .. ...

(i) Explain why there is a difference in the type of lever represented when the arm is
being bent and straightened. [2]

(i) In experiments to determine the force generated by the biceps and triceps muscles
in individuals, comparisons can be made regarding the relative strength of the two
muscles. Suggest one feature of the human subjects that should be controlled to
make any conclusions valid. [1]
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Even when the head is held erect, its centre of gravity is not directly over the principal
point of support (the atlanto-occipital joint). The muscles at the back of the neck exert a
force to keep the head erect. That is why your head falls forward when you fall asleep.

Key:
CG = centre of gravity

force needed F4

(iv) Using the formula below, calculate the force needed to hold the head erect in the
position shown 2]

F1 x dy = F2 x d,

2. Vigorous exercise can result in muscle fatigue, which means muscles can no longer contract.

This state is reached very quickly in people who show poor aerobic fitness.

(@) Explain why muscle becomes fatigued after vigorous exercise.

(3]
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Skeletal muscle consists of two types of muscle fibre: fast twitch and slow twitch. The table below shows

characteristics of these two types of muscle fibre.

muscle fibre

features . .
fast twitch slow twitch

time taken to reach maximum -

o fast slow
contraction
force of contraction high low
time taken to become fatigued fast slow
aerobic capacity low high
anaerobic capacity high low
number of mitochondria few many
blood supply poor good

(b) The leg muscles of long distance athletes, such as marathon runners, contain a high proportion of slow

twitch fibres.

Use the information in the table and your own knowledge to explain the advantage of this high proportion

to the marathon runner.

[3]
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(c) Aerobic training improves the respiratory efficiency of slow twitch fibres.

(i) Suggest two advantages of having a large number of capillaries around the slow twitch fibres.

[2]

(i) Suggest two other changes that may occur in slow twitch fibres during aerobic training.

[2]
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The diagram shows the arrangement of protein filaments in a muscle myofibril.
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(1) Name the regions labelled J and K on the diagram. (1]
T e
K

(1) If the muscle fibre contracted, how would the appearance of regions J and K
compare with the diagram? (1]

(b)  With reference to the proteins actin and myosin, describe the changes that can be seen
when the myofibril contracts? [3]

(Total 6 marks)
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The drawing and electron micrograph below show part of a m scle fibre.

N

fa) (1) Labelstructures A-D on the diagram and photom :rograph above. [4]
(il) Muscle fibres can be treated with digestive enzym s before being observed using
an ¢lectron microscope.
State which band would disappear if the fibre ha: been treated with an enzyme
which digests: [1]
The protein aCtin .o
The protein MYOSIN ..o
(iii)  Name the polysaccharide found in muscle fibres. (1]

(b)  Complete the table below using a tick (') in cach row to show what happens to the width

of each band / zone as a muscle contracts. [3]
Band Increase in width Decrease in width Width stays the same
I band
A band
I zone
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I
(c) Complete the table below to show four differences betwec 1 slow twitch and fast twitch
muscle fibres. [4]
Slow twitch fibres Fas twitch fibres
(d)  State two roles of ATP in muscle contraction. [2

5. The A band in a sarcomere is made from many thousands of protein molecules called myosin.

The structure of one myosin molecule is shown in the diagram below.

Heavy
chains M‘

Light
chains
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(b) The myosin molecules are arranged as shown in the diagram below with the heads projecting to the

outside.

Bare zone
I myosin heads

(i) State the name of the protein X shown in the diagram above.

[1]

(i) Draw arrows on the diagram to show the direction of movement of protein X when contraction of the

muscle takes place.

[1]

(ili) The myosin head is a site of the hydrolysis of ATP. What are the products of this hydrolysis?

[1]
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(iv) Explain how the myosin molecules and protein X move past each other.

[3]

(c) Complete the table below to give four differences between slow twitch and fast twitch muscles.

[4]

Slow twitch muscles Fast twitch muscles
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{a} The diagram represents a skeletal muscle fibre.

Folded membrane

(i Explain why the muscle fibre has a striated (striped) appearance when viewed
using a light microscope. 1]
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Name the regions through which the two sections shown above were taken.  [2]

iy Suggest why there are folds in the membrane of the muscle fibre. [2]

...........................................................................................................................................................................................
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(b} Heart rate, lactate production and oxygen consumption are all related to the level of

exercise.
(il How does the body provide the muscle with more oxygen to meet increased oxygen
consumption? [1]
(iiy Explain the increase in lactate levels in a muscle during intense exercise. [2]
(iiiy  Vwhat is the effect of the increase in lactate levels in the muscle? 1]
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Limb bones have a strong outer shell of compact bone, surrounding a softer, spongier core
called trabecular bone making them light and strong. The electron micrograph shows a cross
section through compact bone.

@ ()

(i) State the percentages of organic and inorganic material in compact bone. [1]

Organic .........

............................................... Inorganic ...

Bone mineral density (BMD) is a useful measure of bone health. Bones undergo
continuous remodelling; through the daily removal of small amounts of bone mineral, and
equal deposition of new mineral. This process must be balanced if bone strength is to be

preserved.

As we age, the bone mineral balance tips toward excessive removal and bones weaken.
Over time they can become brittle and prone to fracture, leading to a disease called

osteoporosis.

The table below shows the effect of four osteoporosis treatments.

Drugs Bone mineral density gain (%) Fracture reduction (%)
Bisphosphonate 3-5 30-45
Denosumab 3-6 55-70
Oestrogen 3-5 35
Calcitonin 11.5 20-30

Data adapted from Department of Pharmacology, Al-Ameen College of Pharmacy, Bangalore-560027, India.

PhysicsAndMathsTutor.com

Page 16 WUJEC (Eduqas) Biology A-level



(b) Denosumab is a drug that binds to receptors on osteoclasts and inhibits their activity.
With reference to the mineral composition of compact bone and the cells found in the
lacunae, describe how bone remodelling takes place in a healthy adult and suggest how
Denosumab can be used as a treatment for osteoporosis. [4]

(c) With reference to data provided, conclude whether Denosumab or oestrogen is the most
effective treatment for osteoporosis. Give a reason for your answer. [2]

(d) Wrist fractures are very common in women in their 50s, typically after a fall onto an
outstretched arm. This can be the first sign of underlying osteoporosis.

Carpals :
Fractured wrist
Radius '

(i) The image above depicts a displaced fracture of the wrist. Suggest one possible
treatment for this. 1]

Ulna

Normal Anatomy
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(ii) Ideally, doctors need to identify and treat patients with osteoporosis before a fracture
occurs. A radiograph of the vertebral column can be used to diagnose osteoporosis.
A scan identifies the bone area, bone mineral composition (BMC) and bone mineral
density (BMD). The results are then compared to the mean results for young adults
to calculate a T- score, which can then be used to predict fracture risk.
The lumbar spine scan of a 60 year old woman is shown below.

Scan Report:
Scan Date: July 30, 2015

Scan Type: Lumbar Spine

Region Area | BMC(g)| BMD Young Young
(cm?) (g/cm?) | adult adult
BMD BMD
Mean | Standard
(g/cm?) | deviation
(g/ sz)
L1 11.54 7.41 0.642
L2 1214 9.28 0.765
L3 12.21 9.93 0.813 1.0 01
L4 14.80 12.09 0.817
Mean 12.67 9.68 0.759
The T score is calculated as:
TS _ Patient mean BMD - Young Adult mean BMD
€Or® = " Standard Deviation Young Adult BMD
Calculate the T score for the patient. [1]
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The graph below can be used to estimate the future fracture risk in women.
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The scale below can be used to interpret the T score.

WHAT YOUR T SCORE MEANS
Osteopenia
(low bone Normal bone density
mass)
4  _3-25-2 1 0 +1 42
SD T score SD

Key: SD = Standard deviation

(iii) Use the T score and the information provided to diagnose her condition and fracture

risk.
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(e) Arthritis affects joints, particularly those in the hands and wrists.

S Finger Joint
\ ’\ ) Arthritis

(i) Compare and contrast the structure and movement of the wrist joint with those
found in the fingers. [4]

(i) A patient presents symptoms of pain, stiffness and swelling in their joints. Physical
examination reveals an increase in temperature at the swollen areas. Is this patient

likely to be suffering from osteoarthritis or rheumatoid arthritis? Explain your
conclusion. [3]
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(a) Figure 9.1 shows the elbow joint, which is part of the appendicular skeleton.
Muscles are attached to the bones and move the bones at the joint.

Figure 9.1
A
Synovial
Joint capsule membrane
B o

C Articular

.................................................... cartilage

(i) Label the bones A-C of the arm as indicated in figure 9.1. 1]

(i) The cartilage in the elbow joint is made of hyaline cartilage. Describe the role of
the hyaline cartilage in the elbow joint and how the structure of the joint allows it to
perform its function. [2]

(i) The external ear in mammals contains yellow elastic cartilage. Compare the
structure of hyaline cartilage to yellow elastic cartilage. Explain the benefits of each
type of cartilage. [3]
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(iv) When cartilage is damaged, it does not heal quickly, unlike bone and muscle. Use
your knowledge of the structures of these tissues to explain why. [1]

(b) Rickets is a deficiency disease associated with malnutrition resulting from lack of vitamin

Number of cases of rickets

D or calcium in the diet. The bones in growing children become weak and bend as shown
in figure 9.2.

Figure 9.2

From 2012, vitamin D supplements were offered to children under the age of five. Figure
9.3 shows the number of cases of rickets reported in the UK from 2005-2013.

Figure 9.3
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(i) I. Calculate the percentage increase in cases from 2005 to 2011. [2]
Percentage increase = ..., %
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Il. Explain the reason for this increase. 1]

(i) Suggest why the data collected may be inaccurate in representing the total number
of cases in the UK. [1]

(i) Some scientists wanted to examine the effects of vitamin D supplements on
prevention of rickets in children. They gave 500 children the supplement and
compared them to another group of 500 children not taking the supplement.
Suggest how the test should be managed to generate valid data and explain one
ethical issue involved in this study. [3]

(iv) State the name that is given to the similar, milder condition seen in adults. Explain
why it is a less serious condition in adults. [1]

PhysicsAndMathsTutor.com Page 23 WJEC (Eduqas) Biology A-level



(c) The percentages of energy used from different energy sources in the muscle of a runner
during exercise are shown in figure 9.4:

Figure 9.4
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(i) Using figure 9.4 and your own knowledge, explain the shape of the graph for
ATP and creatine phosphate and explain why aerobic respiration takes over from
anaerobic respiration during sustained exercise. [3]

(i) The runner is interested in finding out which distance is suited to her muscle type
and undertakes a muscle biopsy. The biopsy showed that her muscles contained
60% fast twitch fibres and 40% slow twitch fibres. State the conclusion that could

be made based on this result. [1]
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(i) The runner is concerned over the shape of her feet. Her footprint on the ground is
not entirely normal and is shown next to a normal footprint in figure 9.5:

&,

Figure 9.5

 J
. .Q.

Normal footprint Runner footprint

Suggest which condition the runner maybe suffering from and suggest a treatment
that would help. [1]
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In 1953, Huxley introduced the sliding filament theory to explain muscle contraction. This theory
was based on the idea that muscle proteins slide past each other to generate tension. Below is
a diagram of two sarcomeres.

| Band
|

A Band

(@) (i) Identify the main proteins found within each of the regions using ticks (/) to complete

the following table. [2]
Actin Myosin Troponin Tropomyosin
A Band
| Band

(i) Explain how the interaction between actin and myosin results in the contraction of
muscle. Reference to the roles of troponin and tropomyosin are not required. [2]
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Muscle samples can be analysed in order to produce a length-tension curve using the following
procedure:

* muscle fibres are suspended in a solution

* muscles are positioned so that sarcomeres are at different lengths as shown at A, B and
C on the graph below

» muscle fibres are stimulated to contract

* the tension (force) generated as a percentage of the maximum is measured at each
sarcomere length (A, B and C)

The results are shown on the graph below (diagrams of sarcomeres are not drawn to scale).
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(b) (i) Todetermine the length of sarcomeres at different resting positions, myofibrils were
viewed using a high-powered microscope. The muscle proteins were stained using
fluorescent chemicals that bonded to the actin and myosin. Explain why at least 20
sarcomeres were measured. [1]
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(i) Use the graph to calculate the length of the actin fibre. [3]

actinlength= ...
(i)  Physiologists conducting these experiments used tissue from the same organism.

Suggest two other factors that would need to be controlled when carrying out the
investigation. [2]
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(c) Movement of the legs in humans involves the use of muscles attached by tendons to the
bones. The quadriceps and hamstring muscles work antagonistically to move the knee
joint and raise the leg. The image below shows the arrangement of muscles and tendons
in the knee joint.

quadriceps
muscle

quadriceps
tendon

hamstring
muscles
patella
(i) Explain why skeletal muscles are arranged in antagonistic muscle pairs. 1]

Scientists studied patients with osteoarthritis and a control group without the condition.
Some of the measurements made are shown in the table below.

Osteoarthritis Group Control Group
Mean age 65 65
Maximum voluntary
contraction force / N #44.90 486.10
Stair climbing time / s 13.08 8.82

(i)  With reference to the role of the quadriceps in movement of the lower leg, explain
the differences between the osteoarthritis and control groups. [2]
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Body mass index (BMI) is a measure that relates body mass to height. The mean BMI of
the two groups was calculated:

Mean BMI of osteoarthritis group = 30.6
Mean BMI of control group = 24.1

A healthy BMI range is between 21 and 25. Values in excess of 30 are classified as
obese.

(iii) Explainthe effectofahigher BMlonthe results inthe table and suggestwhyincreased
physical activity would reduce the impact and progression of osteoarthritis. [5]
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10.

The image shows a transverse section through the human thigh using an imaging technique
called magnetic resonance imaging (MRI). The image shows bone, fat and muscle.

bone

fat

muscle

Name the bone shown within the thigh. [1]

At point X-X on the image the thigh has an actual width of 150 mm.
Calculate the magnification of the image. [2]

magnification = ...

Bones have an outer layer of compact bone. State which inorganic components
strengthen the bone. [1]

Explain how the structure of the thigh bone enables nutrients to be supplied to the
osteoblasts and osteoclasts. [2]

PhysicsAndMathsTutor.com Page 31 WUJEC (Eduqas) Biology A-level



The proportion of fast and slow twitch muscle fibres was investigated in the muscles of
the thigh in a range of athletes. The graph below shows the percentage of slow and fast
twitch fibres in the muscle samples.

fast twitch . slow twitch

Percentage of each fibre type (%)

(v) Investigators observed a difference in colour between fast and slow twitch fibres.
Suggest what this difference may be and explain your answer. [2]

(vi) Explain why the percentage of fibres was calculated rather than using the total
number of each fibre type. [2]

(vii) Explain why the athletes chosen were of the same age, gender and ethnicity. [1]
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(viii) It was concluded that Athlete B was a weightlifter as further analysis of the tissue
found high lactate levels. With reference to the graph and your own knowledge
explain how they reached this conclusion. [3]
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(b) The image below shows an X-ray of a human vertebral column showing a fracture to the
axial skeleton.

Front

fracture-dislocation

(i)  With reference to the X-ray, state which region of the vertebral column contains a
fracture. (1]

(iii)  If fractures of the vertebral column are not treated correctly they can lead to

problems with posture. Apart from surgery, suggest one other type of treatment
that could be offered to a patient to avoid posture issues. [1]
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(c) Two X-ray images of the hip joint are shown below. The X-ray image on the right, shows
the hip joint of a patient aged 56 who was overweight. The patient was in a lot of pain and
had difficulty walking but had previously played a lot of sport.

Healthy adult Patient

joint space
narrowing

/

normal joint \

space bone spurs

cartilage

(i) State the type of joint shown. [1]

(i) Using all the information provided, conclude what type of degenerative disease is
affecting the patient. Describe the evidence that supports your diagnosis. [2]
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11.

(@) The diagram below shows a longitudinal section through the head of the femur.

(i) Bones are continually being remodelled for growth and repair, with calcium ions
being both deposited and removed from the bone matrix. What is the name of
the bone type B and the name of calcium compound found there in the highest
proportion? [1]

(b) Turners Syndrome (TS) is a condition which occurs in girls who have an incomplete or
missing X chromosome. They produce less oestrogen than normal. This has an effect
similar to the menopause on bone in reducing the level of calcium compounds, but at
a much earlier age if left untreated. Oestrogen at normal levels reduces the number of
osteoclasts and their activity.

(i) Describe the functions of osteoclasts and osteoblasts. [1]
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(i) Explain why oestrogen treatment might be given to Turners Syndrome patients. [2]
(i)  Turners Syndrome patients have a DEXA scan to assess Bone Mineral Density
(BMD). The scan compares density to that of a healthy person of the same age.
The difference is then calculated as a standard deviation called a T-score.
1.17 :
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A TS patient has a Bone Mineral Density T-score of —2.56. Suggest a possible
treatment for a patient which could be used alongside oestrogen and explain the
effect of this treatment. [2]
(iv) With reference to the graph, explain why is it difficult to confidently diagnose a

PhysicsAndMathsTutor.com

10-year-old girl with Turners Syndrome using the BMD test alone.

2]

Page 37 WJEC (Eduqas) Biology A-level



(v) Explain why a standard deviation is used for the BMD scan. [1]

(vi) It is estimated that there is a 25% increase in the risk of fractures in Turners
Syndrome patients, especially of the long bones of the forearm. What would be the
course of treatment for a displaced fracture of the tibia? [1]

(vii) Calcium is needed for the contraction of muscles. Explain how a lack of calcium
could cause poor muscle contraction in patients. [4]

(c) TS patients have shorter bones than normal, and scientists investigated the effort needed
to lift a 4kg hand weight using the biceps muscle.

Fulcrum

(i) State the order of lever which is shown in the diagram above. [1]

PhysicsAndMathsTutor.com Page 38 WUJEC (Eduqas) Biology A-level



(ii) Calculate the force effort required to lift the 4 kg hand weight in a patient with TS
where elbow to hand distance of 34cm and elbow to biceps is 4cm. Show your
working.

(2]

Key

= force exerted by the effort
ass (kg) x 9.8N

D = distance from load to fulcrum

F
F

D = distance from effort to fulcrum
1 kg 9.8 Newtons (N)

D
Using the formula: F = F_ x _t

D,

Force effort = ..., N

(iii)  When testing patients, state the factor that would need to be taken into account to
make a valid conclusion. [1]
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