
INTRODUCTION

Making a medical diagnosis requires a triad of history 

taking, clinical examination, and investigations. To 

understand a condition completely, certain investigations 

are required. They can be radiological or can be 

conducted at a laboratory. They range from simple X-rays 

to sophisticated investigations using various materials. 

Investigations may be invasive or noninvasive. These 

investigations allow us to know what is happening inside 

the body and provide a detailed picture of the same. 

Certain investigations are used to confirm a diagnosis, 

whereas certain other investigations are used to rule out 

other possible diagnoses.

It is important to remember that investigations are used 

to confirm a clinical diagnosis. They should be used as an 

adjunct to thorough clinical examination and not replace 

clinical examination.

Judicial use of investigations helps make a thorough 

examination and diagnosis. It is important to know the use 

of various investigations and their interpretation.

The following are some of the investigations commonly 

used in the diagnosis of orthopedic conditions.

ARTHROGRAPHY

It is a diagnostic method in which air or a water-soluble 

contrast material which contains iodine, or both, is infused 

into a joint cavity and after that a radiograph is taken of the 

same joint. 

The air or contrast material traces the structures inside 

the joint. 

Arthrography is also known as “arthrogram.”

It is a very useful diagnostic tool especially for detecting 

lesions of articular cartilage, synovial structures, joint 

capsule abnormalities, and bursal lesions.
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LEARNING OBJECTIVES
After reading this chapter, the reader should be able to:
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◆ Understand the advantages and disadvantages of various investigations.

◆ Gain in-depth knowledge about the practical implications of the common investigations used in orthopedics.
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53Chapter 4: Common Investigations in Orthopedic Conditions

Arthrography can be used to know the extent of intra-

articular injuries, in the diagnosis of spinal pathology or 

to confirm capsular tears, or loosening of a prosthesis.

Following joints are commonly examined using arthrography: 

Shoulder joint 

Elbow joint

Wrist joint

Hip joint

Knee joint 

Ankle joint 

Following
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BONE SCANS/SCINTIGRAPHY

Bone scans are also known as “bone scintigraphy”.

In this procedure, a small amount of radioactive substance/

isotope called “tracer” (e.g., Technetium-99m–labeled 

methyl diphosphonate complexes) is injected into a vein 

several hours before the scan, to localize specific organs 

that concentrate the tracer. 

The tracer is then localized where there is highest level of 

metabolic activity relative to the rest of the bone. 

A gamma camera picks up the tracer and these areas are 

highlighted in the scans which are known as “hot spots” 

that suggest increased mineral turnover. 

Bone scans usually detect fractures, infections (osteomyelitis), 

lytic diseases, and tumors (skeletal metastasis). 

They are highly sensitive to bone abnormalities; however, 

do not tell what the abnormality is (low sensitivity). 

The kidneys and bladder are often visible in bone scans because 

the isotope is excreted by the kidneys.

A whole body scan takes about an hour to finish. 

The kidney
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COMPUTED ARTHROGRAPHY

This procedure combines two techniques, computed 

tomography (CT) and arthrography. 

It provides a three-dimensional definition of the joint, and 

the dye helps to outline the articular surfaces. 

It detects the abnormalities which a conventional CT scan 

does not provide. 

COMPUTED TOMOGRAPHY SCAN

It is a diagnostic technique that is used to create detailed 

images of internal organs, bones, soft tissues, and blood 

vessels; the cross-sectional images generated during a 

computed tomography (CT) scan can be restructured in 

multiple planes, and can even generate three-dimensional 

images which can be viewed on a computer monitor, 

printed on film or transferred to electronic media.

In contrast to a traditional X-ray that utilizes a fixed X-ray 

tube, a CT scanner utilizes a mechanized X-ray beam 

source that pivots around the round opening of a doughnut 

molded design called a “gantry” (Fig. 4.1).

During a CT scan procedure, the patient lies on a bed that 

gradually travels through the gantry while the X-ray tube 

turns around the patient, shooting tight light emission 

beams through the body (Fig. 4.2).

CT scanners utilize special digital X-ray detectors, which 

are found directly opposite the X-ray beam source. 

As the X-rays leave the patient, they are picked up by the 

detectors and transmitted to a computer.

CT scan provides greater details than the conventional X-rays. 

It provides excellent bony architectural details along with 

good soft tissue resolution. 

CT scan is very useful in detecting intracranial 

hemorrhage and usually the first imaging study when 

intracranial hemorrhage is suspected (e.g., subdural or 

intraparenchymal hemorrhage).

Most current CT machines take consistent pictures in a 

helical style instead of taking a progression of pictures of 

individual slices of the body.

Helical CT has more advantages over old CT procedures—it 

is quicker, creates better 3-D pictures of internal regions of 

the body, and may recognize minor abnormalities better.

The most current CT scanners, called multislice CT or 

multidetector CT (MDCT) scanners, permit more slices to 

be imaged in a short time period.

Fig. 4.1: CT scan schematic diagram.

(For color version, see Plate 1)

Fig. 4.2: CT scan machine.

JA
YPEE BROTHERS



54 Section 2: Clinical Evaluation and Relevant Investigations: Physiotherapy Perspective

The computed axial tomography (CAT) scan is a radiological 

technique in which disk lesions, facet diseases, and spinal 

canal stenosis can be ruled out. 

Single photon emission computed tomography (SPECT)

scanning is a special type of CT scan technique which is 

used in orthopedics primarily to detect spondylolysis.

CT scan is less expensive, quicker and readily available than the 

magnetic resonance imaging (MRI).

Useful for detecting bone tumors, nonunion of fractures, intra-

articular fractures, and complex fractures. 

CT scan is
Clinic
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DIAGNOSTIC ULTRASOUND

This technique uses a “transducer,” which is a handheld 

plastic case containing piezoelectric elements/crystals, 

and produces ultrasound waves when they are exposed 

to electric current.

These waves are then directed by the transducer into the 

body tissues. 

The tissues then reflect back the waves toward the 

transducer (Fig. 4.3).

The transducer converts the returning waves to electrical 

impulses and directs them to the imaging unit which then 

converts the impulses into an image representing the 

physical structures (Fig. 4.4).

Diagnostic ultrasound provides real-time images (Fig. 4.5), 

which means tissues can be observed as they move. 

Addition of Color-power-Doppler imaging to ultrasound 

gives a noninvasive technique for the study of blood flow 

and vascularity within anatomical structures and lesions.

Small viewing field, limited depth of penetration within 

the tissues, and limited contrast resolution are some 

disadvantages of ultrasound.

Ultrasound can be used in the diagnosis of tendonitis. 

Normally, a tendon appears to be homogenous and highly 

echogenic but during inflammation, there is a diffuse or 

focal reduction in the echogenicity and the tendon looks 

rounder in the cross-section due to increase in volume.

Major advantages of ultrasound are ease of examination, easy

availability, and no risk of exposure to radiations. 

Tendon pathology, joint effusion, ligament tears, soft tissue

tumors, vascular diseases, developmental dysplasia in children,

etc., can be ruled out with the help of diagnostic ultrasound. 

Major adva
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DISKOGRAPHY

It is also known as “diskogram.”

It is a diagnostic imaging technique which is used to 

determine whether a particular intervertebral disk is the 

source of back pain or not. 

Under the radiographic assistance, a small quantity of 

contrast material is injected into the nucleus pulposus of 

an intervertebral disk (Fig. 4.6).

Fig. 4.3: Ultrasound wave—schematic diagram.

(For color version, see Plate 1)

Fig. 4.4: Ultrasound machine.

Sometimes this technique is used as a provocative test.

During the procedure, patients may be asked to describe 

their pain in terms of location, distribution, and severity. 

If the injected disk is the source of back pain, patients 

may feel pain similar to what they experience on a daily 

basis. 

It is a useful diagnostic imaging technique in determining 

nucleus pulposus or annular fibrosus lesions.

DUAL ENERGY X-RAY ABSORPTIOMETRY SCAN

Dual energy X-ray absorptiometry (DEXA) scan is a 

diagnostic imaging technique which measures the 

bone mineral density (BMD), to assess a patient’s risk of 

developing osteoporosis or fracture.

DEXA scan usually focuses on two areas of the body—

the hip and the spine (as these are the areas where stress 

fractures commonly occur due to low bone density).

In this procedure, the patient is asked to lie down on a 

padded table, under which an X-ray generator is placed 

and above the table the imaging device is fitted.

The patient’s legs are placed on a padded box, which causes 

lumbar spine to be placed flat on the table.

The machine will send a thin beam of low-dose X-rays with 

two energy peaks through the bone.
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Fig. 4.5: Diagnostic ultrasound used for ankle joint. 

Fig. 4.6: Diskography—schematic diagram.

(For color version, see Plate 1)
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56 Section 2: Clinical Evaluation and Relevant Investigations: Physiotherapy Perspective

One beam will be absorbed by the soft tissues whereas the 

other beam will be absorbed by the bone. 

The amount of radiation absorbed by the soft tissues will 

be deducted from the total radiation to obtain total BMD. 

The results of a DEXA scan are reported in two ways: T 

score and Z score.

T score will compare patients’ BMD with the optimal peak 

density of their gender (Table 4.1).

Z score compares patient’s results to others of same age, 

gender, weight, and ethnicity. 

Z score over 2 is considered normal. 

Z score below 2 is considered as below the expected range 

of person’s age. 

Z score <−1.5 suggests factors other than age are responsible 

for osteoporosis (factors such as tobacco chewing, 

malnutrition, medication interactions, etc.).

ELECTROMYOGRAPHY

Recording of the electrical activity of the muscles is known 

as “electromyography” (EMG).

Surface electrodes and needle electrodes are used for this 

technique (Fig. 4.7).

Needle electrode provides more accurate results for 

diagnostic purposes. 

Various needle electrodes are used: concentric needle 

electrode, monopolar electrode, single-fiber electrode, 

and macroelectrode. 

At first, a muscle is selected as per the suspected clinical 

diagnosis; then the patient is asked to contract and relax 

that muscle; after localizing the site for needle insertion 

(which is slightly away from the motor point), the needle 

is inserted quickly while the muscle is relaxed. 

Sharp motor unit potentials on minimal muscle contraction 

suggest the accurate position of the needle. 

Mainly three activities are observed: Insertional activity, 

spontaneous activity, and voluntary activity. 

EMG helps to determine muscle performance; determine 

whether the lesion is of neural origin, muscular origin, or 

neuromuscular junction origin to establish a diagnosis and 

prognosis and it can be used as a form of biofeedback. 

At the time of needle electrode insertion, certain electrical 

activity is found which is known as “insertional activity.” 

Once the needle is in the selected muscle the patient is 

asked to completely relax and usually no electrical activity 

is found on the screen (electrical silence).

During the period of electrical silence, if any abnormal 

activity is found on the screen, that is considered to be 

“spontaneous activity.” 

Spontaneous activities originating from muscle fibers such 

as fibrillation potentials, positive sharp waves, myotonic 

discharges, complex repetitive discharges and originating 

from the motor neuron or axon such as fasciculation 

potentials, myokymic discharges, cramp potentials, etc. 

can be observed with the help of EMG.

For instance, fibrillation potentials and positive sharp waves 

can be found in nerve injuries, radiculopathies, anterior 

horn disorders, myasthenia gravis, muscular dystrophy, etc. 

Recruitment pattern is determined by asking the patient to 

moderately contract the muscle in which needle electrode 

is placed (voluntary activity). 

Reduced recruitment pattern is found in neurogenic 

diseases or end stage of myopathy (Fig. 4.8). 

Table 4.1: T score interpretation.

Score Diagnosis

T score >−1 Normal bone mineral density

T score of −1 to −2.5 Osteopenia (which indicates a risk of 

developing osteoporosis)

T score <−2.5 Osteoporosis

Fig. 4.7: Electromyography procedure. 

Fig. 4.8: Abnormal recruitment pattern being observed in pronator 

teres muscle with median nerve injury. 
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FLUOROSCOPY

It is diagnostic imaging technique in which X-ray image is 

continuously shown on a monitor.

Fluoroscopy is used during many types of medical 

procedures, e.g., cardiac catheterization, diskography, 

arthrography, lumbar puncture, barium X-rays, etc.

At times it is used for positioning of fracture fragments, guiding 

joint replacements, and to determine abnormal motion. 

LABORATORY INVESTIGATIONS

Biopsy

A biopsy is a procedure in which tissues or cells are removed 

from the body and observed under a microscope.

It is an ideal procedure for diagnosis of bone and soft tissue 

tumors and infections.

There are four basic types of biopsy—fine needle aspiration, 

incisional biopsy, excisional biopsy, and core biopsy.

In incisional biopsy, a small incision is placed to access 

tumor while taking care of not contaminating the critical 

structures. 

Fine needle aspiration is a procedure commonly used for 

carcinoma.

Blood Tests

Complete blood count (CBC) test: It is a part of routine 

checkup. It measures red blood cells count, white blood 

cells count, platelet count, differential counts, hematocrit 

and hemoglobin level, etc. Different varieties of anemia 

and infection (higher WBC is indicative of infection) can 

be ruled out from CBC test. 

Normal values and ranges: 

RBC: 4.5-6.5 × 1012/L (Male); 3.8–5.8 × 1012/L (Female)

WBC: 4.0-11.0 × 109/L

Platelet counts: 150–400 × 109/L

Eosinophils: 0.04–0.4 × 109/L

Basophils: 0.0–0.1 × 109/L

Neutrophils: 2.0–7.5 × 109/L 

Normal vClinic
al Poi

nter

C-reactive protein (CRP): It is a common laboratory 

infection marker in blood serum of the patients, which 

is a basic parameter for inflammation. CRP is considered 

to reflect the degree of surgical trauma, too. Preoperative 

CRP-levels are considered to be a risk factor for the 

postoperative outcome. For example, the preoperative 

CRP-level based on unanticipated infection or trauma 

predicts the postoperative course. High levels have a poor 

outcome. CRP level <10 mg/dL is considered as normal. 

Erythrocyte sedimentation rate (ESR): This is an important 

measure as it indicates inflammation. The test measures 

the rate at which red blood cells stick together, fall, and 

settle down at the bottom of the test-tube within an hour. 

Higher rate suggests greater amount of inflammation. 

Normal ESR is 2–12 mm/1st hour (Westergren).

Hematocrit and hemoglobin count: Chronic inflammatory 

conditions lead to decreased red blood cells count. Normal 

range for hemoglobin is in between 13.0–18.0 g/dL for 

males and 11.5–16.5 g/dL for females. Normal range for 

hematocrit is between 0.40–0.52 for males and 0.36–0.47 

for females.

Rheumatoid arthritis (RA) factor: Rheumatoid factors 

are proteins that are produced by immune system of the 

body that can attack healthy tissues. Higher levels of RA 

factor may be suggestive of autoimmune disorders such 

as rheumatoid arthritis or Sjogren’s syndrome. RA factor 

level <14 IU/mL is considered as normal.

Serum calcium level: It is checked to measure the amount 

of calcium present in the blood. Also, to rule out any bone 

disorders or calcium regulation disorders such as diseases 

of parathyroid gland or the kidneys. Normal level: 2.15–2.55 

mmol/L. 

Higher serum calcium levels may indicate: Paget’s disease,

hyperparathyroidism, sarcoidosis, prolonged immobilization,

excessive intake, metastatic bone tumor, hyperthyroidism, etc. 

Lower serum calcium levels may indicate: Hypoparathyroidism,

malabsorption, renal failure, vitamin D deficiency, osteomalacia, 

etc.

Higher ser
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Alkaline phosphatase: A study done by Dr AK Sipani 

in 2020 concluded that the serial measurement of 

serum alkaline phosphatase levels during the fracture 

healing process in combination with clinicoradiological 

examination can be an additional, useful and cost-

effective tool in predicting whether fractures are at risk 

of developing complications such as delayed union and 

nonunion. Normal alkaline phosphatase level ranges 

between 100 and 300 IU/L. 

Serum phosphorus level: Phosphorus helps in bone growth. 

A serum phosphate test determines the level of phosphorus 

in the body. Teeth and bones both contain a good amount 

of phosphorus; however, the blood contains phosphorus 

too. High phosphate level (hyperphosphatemia) or 

low phosphate levels (hypophosphatemia), both are 

detrimental to health. Normal level: 0.7–1.5 mmol/L.

Higher serum phosphate level may indicate: Diabetic

ketoacidosis, reduced kidney function, hypocalcemia,

hypoparathyroidism, etc.

Lower serum phosphate level may indicate: Malnutrition,

alcoholism, hypercalcemia, hyperparathyroidism, vitamin D

deficiency, etc.

Higher se
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Uric acid level: Serum uric acid level determination helps to 

find out how well the body is able to produce and remove 

uric acid. Normal range is between 0.14 and 0.46 mmol/L. 

Higher levels are associated with a condition known as 

“Gout.” It is a form of arthritis in which pain and swelling 

of joints occur, especially in the feet and big toes. 
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Vitamin D level: It is done to measure the level of 

25-hydroxyvitamin D [25(OH)D] in the blood. Abnormal

vitamin D levels may indicate bone disorders, nutrition-

related problems, organ damage, or other medical

conditions. Normal level: 20–40 ng/mL.

Joint Fluid Aspiration and Analysis

In this a needle is inserted into a joint cavity, and synovial 

fluid is aspirated which is then examined. 

Any bacterial infection, inflammation, uric acid crystals 

when gout is in suspicion, etc., can be examined 

pathologically and accordingly treatment is decided. 

Urine Examination

A urine analysis consists of checking the appearance, 

contents, and concentration of urine. 

Diabetes mellitus, urinary tract infection, kidney diseases, 

etc., can be ruled out from the routine urine analysis. 

Presence of casts and crystals may suggest kidney disorders. 

Presence of glucose increases the suspicion of diabetes.

Following parameters are usually considered during urine 

analysis:

Acidity/pH of urine

Protein (proteinuria)

Sugar (glycosuria)

Ketones 

Bilirubin

Albumin (albuminuria)

Followin
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MAGNETIC RESONANCE IMAGING 

Magnetic resonance imaging (MRI) scan uses a strong 

magnetic field and radio waves to generate images of parts 

of the body that cannot be seen with X-rays, ultrasound, 

or CT scans.

It helps to visualize within the joints, cartilage, ligaments, 

muscles, and tendons, which makes it helpful for detecting 

various sports injuries.

Most MRI machines are large, tube-shaped magnets (Figs. 

4.9 and 4.10).

When a patient lies inside an MRI machine, the magnetic 

field momentarily realigns water molecules in their body. 

Radio waves cause these aligned atoms to produce 

indistinct signals, which are used to create cross-

sectional MRI images, like slices of bread.

In the MRI procedure, the patient is asked to remove the 

jewelry, hearing aids, removable dental work, eye glasses, 

hair pins, clothing, and is given ear plugs and a gown to wear. 

Any metal implants in the body are a contraindication for MRI.Any metaClinic
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After that they are asked to lie down on a scan table, which 

slides down to a doughnut-shaped opening of the MRI 

machine. 

The operator sits in another room to operate the controls 

of the MRI machine. 

Through a window the patient is under continuous 

supervision of the operator. 

A speaker in the MRI machine helps the patient to hear the 

commands given by the operator. 

A clicking sound indicates that the magnetic field is 

created and pulses of radio waves are sent by the scanner. 

The patient is asked to remain still during the procedure, 

as any movement distorts the signal and may affect the 

scan quality.

Once the scan is complete the scan table is taken out and 

the patient is helped for getting off the scan table. 

The MRI machine can also produce three-dimensional 

images that can be observed from different angles.

Although CT assesses only a single tissue parameter - X-ray 

attenuation, MRI analyzes multiple tissue characteristics 

comprising hydrogen (proton) density, T1 and T2 relaxation 

times of tissue, and blood flow within tissue. 

The soft tissue contrast provided by MRI is markedly better 

than for any other imaging modality. 

Differences in the density of protons available to contribute 

to the MRI signal distinguish one tissue from another. 

Most tissues can be distinguished by significant dif-

ferences in their characteristic T1 and T2 relaxation 

times.
Fig. 4.9: MRI machine—schematic presentation.  

(For color version, see Plate 1)

Fig. 4.10: MRI machine.
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T1 images show good anatomical detail of soft tissues, 

whereas T2 images are used to demonstrate soft-tissue 

pathology that alters tissue water content. 

One of the good ways to distinguish between a T1 weighted 

image and a T2 weighted image is “Water looks White in 

T2 weighted image,” which suggests hyperintense signal 

on MRI (Figs. 4.11 and 4.12; Table 4.2).

Scanners using a magnetic field of 1.5 T are most commonly 

used.

As MRI is water imaging, it detects the water more efficiently 

hence any pathological condition of the body associated 

with edema can be easily identified. 

MRI is used to assess spinal cord tumors, intracranial 

disease, and some types of CNS diseases (e.g., multiple 

sclerosis); it essentially replaced myelography in the 

evaluation of disk pathology. 

It also helps in the diagnosis of muscle, ligamentous and 

meniscal tears, synovial pathology, abnormal patellofemoral 

tracking, cartilage, joint pathology, bone marrow pathology, 

stress fractures, and osteochondral lesions.

MRI is useful in detecting following pathologies:

Recurrent shoulder dislocation

Rotator cuff tear 

Brachial plexopathy

Ligamentous tear

Meniscal tears

Avascular necrosis 

Any infections 

MRI is useClinic
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The comparison of MRI and CT scan in the evaluation of 

different disease conditions is given in Table 4.3.

Fig. 4.11: T2 weighted image showing L5-S1 postero-central disk 

herniation (arrow). Note that the cerebrospinal fluid appears white 

along with reduction of water content in nucleus pulposus of 

intervertebral disk. 

Fig. 4.12: MRI sequence of cervical spine. 

Table 4.2: Difference between T1 weighted and T2 weighted images 

on MRI.

Characteristics T1 weighted image T2 weighted image

Cortex Gray Light gray

Cerebrospinal fluid Dark White

Fat (within bone 

marrow)

Bright Light

Inflammation/

infection

Dark Bright

Table 4.3: Comparison of MRI and CT scan.

Sr. 

No. Pathology

MRI works 

better than CT 

scan

CT scan works 

better than 

MRI

1. Hip avascular necrosis Yes —

2. Osteomyelitis Yes —

3. Ligamentous lesions Yes —

4. Cartilage lesions Yes —

5. Joint pathologies Yes —

6. Joint fracture — Yes 

7. Joint loose body — Yes

8. Bone neoplasm Yes —

9. Spondylosis — Yes

10. Soft tissue neoplasm Yes —

11. Radiculopathy Yes —

12. Spinal trauma — Yes 

13. Infection Yes —
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MYELOGRAPHY

It is an invasive imaging technique used to visualize the 

soft tissues of the spine. 

In this technique under real time X-ray known as 

“Fluoroscopy,” a radiopaque dye is injected into the 

epidural space and allowed to flow through different levels 

of spinal cord, which in turn outlines the thecal sac, spinal 

cord, and spinal nerve roots. 

At the end a plain X-ray film is taken.

Some side effects of myelography such as headache, 

dizziness, nausea, vomiting, and seizures have been noted. 

Nowadays CT scan and MRI have replaced this imaging 

technique.

Myelography is useful in detecting following pathologies:

Nerve root entrapment

Spinal stenosis

Disk herniation 

Disk diseases

Spinal cord tumors 

MyelograClinic
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NERVE CONDUCTION VELOCITY STUDY 

MYELOGRAPHY

Nerve condition velocity (NCV) study determines the speed at 

which peripheral motor or sensory nerve conducts an impulse. 

It assesses the extent of injury.

NCV study is done on any peripheral nerve that is superficial 

enough to be stimulated through the skin at two different 

points (e.g., median nerve is stimulated at the wrist and 

cubital fossa to get distal and proximal latency). 

Motor nerve conduction velocity (MNCV) and sensory 

nerve conduction velocity (SNCV) studies—both should 

be performed. 

For MNCV study, stimulating electrodes give stimulation 

to the selected nerve, the muscle supplied by that nerve 

contracts, and the surface electrodes placed on the muscle 

which are known as recording electrodes receive the signals 

which are known as compound muscle action potential 

(CMAP) and display it on the computer screen (Fig. 4.13).

The CMAP is known as “M wave” (Fig. 4.14), which is 

described on the basis of the following parameters: 
◆ Onset latency: Time taken by the action potential

to travel from the point of stimulation to the nerve

terminal along with the neuromuscular transmission 

and the time required to activate the underlying nerve.
◆ Amplitude: Measured from baseline to negative peak or 

from negative peak to positive peak.
◆ Duration: CMAP duration usually is measured from

the initial deflection from baseline to the first baseline

crossing (i.e., negative peak duration), but it also can

be measured from the initial to the terminal deflection

back to baseline.
◆ Nerve conduction velocity: Conduction velocity (CV)

is determined by dividing the distance between the

two points of cathodal stimulation by the difference

between the two latencies. NCV is measured in meter

per second. Normal value for MNCV in the upper limb

varies from 40 to 55 m/s and for lower limb from 50 to

70 m/s (Fig. 4.15).

Conduction velocity =
Conduction distance

Proximal latency Diistal latency

Sensory nerve conduction velocity is calculated by dividing the 

distance (mm) between stimulating and recording sites by the 

latency (ms), but often latencies are sufficient measurements. 

Sensory nerves can be tested by using orthodromic 

conduction (physiological direction) or antidromic 

conduction (opposite to normal conduction). 

Fig. 4.13: Motor nerve conduction velocity procedure. 

Fig. 4.14: “M wave.”  

Fig. 4.15: Median motor nerve conduction velocity study 

showing carpal tunnel syndrome.
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Ring electrodes can be used for this procedure. 

Normal SNCV varies between 40 and 75 m/s. 

QUANTITATIVE COMPUTED TOMOGRAPHY 

Musculoskeletal quantitative computed tomography (QCT) 

can be used to precisely and reproducibly measure bone 

mass or muscle mass. 

QCT is used primarily in the diagnosis and management 

of osteoporosis and other disease states that may be 

characterized by abnormal BMD, as well as to monitor 

response to therapy for these conditions.

Lumbar spine and hip joint are the most common choices 

for QCT evaluation. 

Li Na et al. in 2013, compared QCT with a DEXA scan 

for the detection rate for osteoporosis to find that DEXA 

scan determines BMD in two dimensions, including both 

trabecular and cortical bone, with the results expressed as 

area density (grams per square centimeter). 

On the other hand, QCT allows measurement of volumetric 

trabecular bone density without superimposition of cortical 

bone and other tissues, with the results expressed in 

milligrams per cubic centimeter of calcium hydroxyapatite. 

RADIOGRAPHS (PLAIN FILM X-RAYS)

Conventional plain film radiography, also known as 

X-rays, is the primary means of diagnostic imaging for

musculoskeletal problems.

It gives good anatomical resolution along with the 

advantage of being relatively cheap and readily available 

diagnostic imaging technique.

Because X-rays have the potential for causing cell damage, 

there should be a clear indication of need before a 

radiograph is taken.

X-rays are observed as if the patient was standing in front 

of the observer in the anatomical position. 

Commonly two projections are ordered, anteroposterior 

(AP) projection and lateral projection, as X-rays take planar 

images and as it is difficult to identify the lesion in only 

one view. 

Other views may be obtained, depending on clinical 

conditions and specific needs. 

In the lumbar spine, AP, lateral, and oblique views are 

generally taken.

X-rays are part of the electromagnetic spectrum and have 

the ability to penetrate tissue to varying degrees.

X-ray imaging is based on the principle that different tissues 

have different densities and produce images in different 

shades of gray.

The greater the density of the tissue, the lesser is the 

penetration of X-rays and the whiter its image appears on 

the film (Figs. 4.16 and 4.17).

When observing the X-rays, the examiner must identify the 

film, noting the name, age, date, and gender of the patient, and 

the examiner must identify the type of projection taken (e.g., 

AP, lateral, tunnel, skyline, weight-bearing, stress-type, etc.). 

During this procedure, an X-ray beam is passed through 

the body. 

Fig. 4.16: Radiographic density as related to object radiodensity. 

Note that shade may vary depending upon the thickness of the 

tissue.

Figs. 4.17A to C: X-ray machine.

A B C

JA
YPEE BROTHERS



62 Section 2: Clinical Evaluation and Relevant Investigations: Physiotherapy Perspective

A portion of the X-rays is absorbed or scattered by the 

internal structure and the residual X-ray pattern is conveyed 

to a detector so that an image may be recorded for future 

evaluation (Fig. 4.18).

The recording of the pattern may occur on film or through 

electronic means.

The X-ray plates that are developed after exposure to the 

roentgen rays enable the examiner to detect any fractures, 

dislocations, foreign bodies, or radiopaque materials that 

may be present. 

The main function of plain X-ray examination is to rule out 

or exclude fractures or serious disease such as infection 

(osteomyelitis), ankylosing spondylitis, or tumors and 

structural body abnormalities such as developmental 

anomalies, arthritis, and metabolic bone diseases (Figs. 

4.19 to 4.22).

Routinely ABCDs search pattern is used while referring the 

radiographic images (Table 4.4).

The observer should keep in mind the maturity of the 

patient when viewing films. 

For example, skeletal changes occur with age, and the 

appearance and fusion of the epiphyses, etc.

Fig. 4.18: X-ray procedure—schematic diagram.

(For color version, see Plate 1)

Figs. 4.19A and B: Anteroposterior and lateral views of both hands.

X-ray of right wrist joint and handX-ray of left wrist joint and hand

Fig. 4.20: X-ray of pelvis along with bilateral lower extremities.

Fig. 4.21: X-ray of lumbar spine (lateral view—taken in extension) 

suggestive of grade 1 spondylolisthesis of L4 over L5 and L5 over S1 

(marked by arrows).
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Table 4.4: Interpretation of an X-ray.

Division

Structures that are 

being evaluated Normal findings Abnormal findings

A: Alignment General skeletal 

structure

Gross normal size of the bones

Normal number of bones 

Congenital deformities

Absent bones

Developmental deformities 

General contour of 

bone

Smooth bony outlines Impact fractures 

Spurs 

Break in cortical continuity 

Alignment of bones 

with adjacent bones

Normal joint articulation Fracture

Subluxation

Dislocation

B: Bone density General bone 

density

Enough contrast between soft tissue shade of 

gray and bone shade of gray

General loss of bone density resulting in 

reduced contrast between soft tissues and 

bone

Abnormalities of 

texture

Normal trabecular architecture Trabeculae may look thin, delicate, 

smudged, and fluffy 

Local bone density Sclerosis at areas of increased stress such as 

weight-bearing surfaces or sites of ligamentous, 

tendinous or muscular attachments

Excessive sclerosis (increased bone 

density)

Reactive sclerosis that surrounds a lesion 

C: Cartilage spaces Joint space width Well-preserved joint spaces with normal 

thickness of cartilages 

Decreased joint space may be suggestive of 

degeneration or trauma

Subchondral bone Smooth surface Excessive sclerosis may be suggestive of 

degeneration or trauma 

D: Soft tissues Joint capsules Indistinct Hemorrhage 

Effusion 

Muscles Normal size of soft tissue image Wasting 

Fat pads Radiolucent crescent parallel to bone and 

length of muscle 

Joint effusion

Swelling 

Miscellaneous soft 

tissue findings 

Soft tissues normally display a water-density 

shade of gray

Gas bubbles

Calcification

Foreign bodies 

Fig. 4.22: X-ray of left radial head arthroplasty. 

VENOGRAMS AND ARTERIOGRAMS

With a venogram or an arteriogram, radiopaque dye/

contrast medium is injected into specific vessels to outline 

abnormal conditions.

This imaging technique may be used to detect 

arteriosclerosis, examine tumors, and demonstrate 

blockage after traumatic injury.

XERORADIOGRAPHY

Xeroradiography is a technique in which the normal X-ray 

film is replaced by xeroradiographic plate. 

On the plate, there is a thin layer of a photoconductor 

material, which enhances the image.

The main advantage of it includes enhanced visualization 

of the borders between images of different densities, low 

contrast that enables differentiation between fat, bones, 

and muscles. 

Investigations are an important part of the assessment of a patient. 

These help in making and confirming a clinical diagnosis. Many 

investigations exist with varied advantages and disadvantages. As 

a therapist a basic knowledge about investigations is important. 

However, these investigations should not replace our clinical 

expertise. It is important to treat a patient/person and not an 

X-ray, MRI or similar investigation.

Summary
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REVIEW QUESTIONS

1. Write an essay on common radiological investigations

used in orthopedic conditions.

2. Enlist common laboratory investigations used in

orthopedic conditions.

3. Describe the use and interpretation of X-rays in diagnosis.
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