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Osseous and Articular Anatomy of Wrist

=  The wrist is composed of 8 carpal bones arranged in 2 rows

= Carpal bones forms a ventral concavity
carpal tunnel by the transverse carpal ligament,

= Three joints in the wrist
Don’t not communicate with one another:
Distal radio-ulnar Jt.
Radiocarpal (RC) Jt.
Midcarpal Jt.

= \Wrist movements
Flexion / extension: Radiocarpal Jt.(50%) and midcarpal joint (50%)
Radial / ulnar deviation : Radiocarpal Jt.(40%) and midcarpal joint (60%)
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Distal Radio-Ulnar Joint

= Rounded head of the ulna with the ulnar notch of the distal epiphysis of the radius and the
triangular fibrocartilage.

= Joint cavity is L-shaped and is separated from the RC Jt. by the TFCC

= The distal radio-ulnar joint is a pivotal type of articulation which allows pronation and supination
movements of the hand.

Articular
disk

Scaphoid
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Radiocarpal Joint

= Radiocarpal joint
Proper “Wrist joint*

Condyloid type of synovial joint located between the distal end of the radius and the carpus.

Proximal concave articular surface
* Formed by the articular facet of the radius and the distal surface of TFCC
« TFCCfill the space between the ulnar head and the ulnar side of the carpus

Distal convex articular surface
« Convex surfaces of the scaphoid, lunate and triquetrum.
* On ulnar side, communication with the pisotriquetral joint
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Dorsal Wrist Pathology

o DA -

Tendinopathies of the dorsal wrist are common and account for a high percentage of consultations
In hand surgery. They can be related to local causes, particularly overuse due to sport or
occupational activities, or may be the result of systemic musculoskeletal disorders.

Because the tendons of the dorsal wrist are invested by a synovial sheath, the term "tenosynovitis"
is more correct to define most of these conditions.

= Extensor tendons tear more commonly in the hand than at wrist e g

Rupture of extensor
tendon
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Ventral Wrist Pathology

= Similar to the dorsal wrist, tendinopathies of the flexor tendons are commonly encountered, most
often at the insertion of the flexor carpi radialis tendon and within the carpal tunnel for the flexor

digitorum tendons

= |n addition to tendinopathies, compression neuropathy of the median nerve at the carpal tunnel is
the leading pathology of the wrist as regards prevalence of disease and clinical relevance.

Department of Rehabilitation Medicine, Chungnam National University



Radiocarpal Arthritis
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Background

= Patterns of osteoarthritis of the hand and wrist were described by Watson in 1984,
4000 wrist radiographs were reviewed to identify patterns of progressive changes in
degenerative arthritis of the wrist. 210 cases were reviewed. (prevalence 4,.5%)

* Scaphoid, lunate and radius: 57%
» Scaphoid, trapezium and trapezoid: 27 %
« Combination: 15%

Department of Rehabilitation Medicine, Chungnam National University
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Incidence, Age and Sex

=  American single-center study by Miller in 2017

Reviewed over 1000 wrist radiographs taken over a 3-month period investigating radiocarpal and/or
midcarpal osteoarthritis (RC/MC QOA).

Patient age averaged 54 years (range 18-97 years)
Exclusion criteria were evidence of idiopathic arthritis (Kienbéck’s disease), isolated scapho-
trapeziotrapezoidal (STT) arthritis, as well as inflammatory arthritis.
Prevalence of 4,.9% (47 patients)
* Female: 40%, Male: 60%
« Average age of patients: 55 years.
* Prevalence of 4.9% from this study is similar to that of the 4.5% given by the Watson study (1984)

Department of Rehabilitation Medicine, Chungnam National University
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Etiology

= Radiocarpal arthritis has multifactorial etiology
Post-traumatic arthritis
Inflammatory arthritis; rheumatoid
Idiopathic avascular necrosis of the carpal bones
Congenital malformation; Madelung’s deformity
Septic arthritis

Department of Rehabilitation Medicine, Chungnam National University
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Post-traumatic Arthritis

= Intra-articular fractures of the distal radius, scaphoid fractures, scaphoid non-unions or after
ligamentous injury of the wrist resulting in carpal instability.

= These allow abnormal joint loading distorting the wrist kinematics.

 Firstly, the scapholunate ligament is injured which allows the scaphoid to flex. Osteoarthritis then develops between
the proximal end of the scaphoid and the dorsal lip of the radius. This progresses to the involve the entire
radioscaphoid joint

« Scaphoid non-union advanced collapse (SNAC) pattern of wrist arthritis occurs when the scaphoid is fractured and
with non-union occurring. The radial styloid tip is first to be involved, thereafter the distal radioscaphoid joint is
included with sparing of the proximal radioscaphoid joint.
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Scapholunate Dissociation / Instability

= Scapholunate ligament
Stabilizer of the proximal carpal row during wrist motion

Maintaining the scaphoid in a correct position and preventing its palmar tilt.

Injury

« Scapholunate diastasis, palmar flexion of the scaphoid, dorsal flexion of the lunate and proximal
repositioning of the capitate.

* Longstanding ruptures lead to degenerative changes at the capitate-lunate and radio-scaphoid joints
« SLAC wrist (Scapho-Lunate Advanced Collapse),
— Painful condition that greatly reduces the range of motion of the wrist.

Department of Rehabilitation Medicine, Chungnam National University
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Fall On OutStretched Hand (FOOSH)

= Scapholunate instability
Result of m/c type wrist lig. Injury (Scapholunate lig.)
» FOOSH
» DISI: Dorsal intercalated segmental instability
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Fall On OutStretched Hand (FOOSH)

> Watson test
Sensitivity: 69%
Specificity: 64%

Normal

capitatum

lunatum
scaphoid

(j) Special test—Watson's test for scapholunate DISI
instability. The examiner places the thumb on the
scaphoid tuberosity as shown with the wrist in ulnar
deviation. The wrist is then deviated radially with the
examiner placing pressure on the scaphoid. If the
athlete feels pain dorsally (over the scapholunate
ligament) or the examiner feels the scaphoid move
dorsally, then scapholunate dissociation is present

Department of Rehabilitation Medicine, Chungnam National University
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Scapholunate Dissociation / Instability

= Scapholunate ligament

US findings
* Due to its anatomic position, only the dorsal and ventral components of this ligament can
be examined by means of transverse dorsal and ventral imaging planes.

* |In previous study, the dorsal component was completely visible in 48% of cases, partially

visible in 30%. barely visible in 8% and not detectable in 15%. The mean thickness of its
dorsal bandis 1.1 mm and the mean interosseous distance is 4.2 mm.

« Because of its deep location, the thin ventral component of the ligament is barely visible.

Considering the high percentage of poorly visualized dorsal ligaments, its non-visualization
at US does not indicate injury.

* Although the measurement of the interosseous distance is hampered by technical reasons
(unclear landmarks for caliper positioning), a clear increase in its size during scanning with
ulnar deviation of the wrist should alert the examiner to suggest further imaging modalities
to confirm a possible tear

Department of Rehabilitation Medicine, Chungnam National University
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Scapholunate Dissociation / Instability

= |n normal population study
Mean scapholunate interval was 4.97mm dorsally and 2.50mm centrally

Scaphoid Lunate Scaphoid Lunate Scaphoid Lunate

asere Dorsal SL Interval
12omm  SLIL Length

«unear19:  SLIL Thickness tzoimm central SL Interval

AAHS 2017
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Scapholunate Dissociation / Instability

Department of Rehabilitation Medicine, Chungnam National University
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Idiopathic Avascular Necrosis of the Carpal Bones

= Kienbock’s disease

Vascular disturbance in an ‘at-risk’ lunate bone. The precise etiology is unknown, although the ‘at-risk’
patients are believed to be young active males with manual labouring jobs. Repetitive loading causes a
stress fracture to the proximal end of the lunate. The fracture starts at the point where the lunate moves
relative to distal edge of the radius. It is thought that the stress fracture is the origin of vascular injury to
the lunate with avascular necrosis being the end result

Preiser’s disease is defined as a progressive avascular necrosis of the scaphoid bone without a known pre-
existing fracture. The etiology of this is unknown, but is thought to be multifactorial with biomechanical or
anatomical variations giving an ‘at risk’ scaphoid
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Radiocarpal Joint

Based on the hyperechoic profile of the
carpal bones, localize the synovial re-
cess of the radiocarpal and midcarpal
joints using long-axis planes. Look for ef-
fusion or synovial thickening.

Legend: arrowhead, dorsal recess of the
carpometacarpal joints; asterisk, IV
compartment of the extensor tendons;
black arrows, dorsal recess of the mid-
tarsal joint; white arrows, dorsal recess
of the radiocarpal joint; Rad, radius; Lun,
lunate; Cap, capitate; Met, metacarpal

European Society of MusculoSkeletal Radiology

Department of Rehabilitation Medicine, Chungnam National University
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Radiocarpal Joint Injection

Radiocarpal Joint Injection
7 B

Radiocarpal Joint Injection

(Left) Clinical photo shows a
longitudinal dorsal approach

for injection of the radiocarpal
articulation. (Right) Longitudinal
ultrasound shows ultrasound-
guided contrast injection of the
the radiocarpal articulation. A
25-g spinal needle [3> lies within
the joint space between the
distal radius k=d and the scaphoid
A small amount of contrast
has been injected into the
joint.

Department of Rehabilitation Medicine, Chungnam National University
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Radiocarpal Joint Injection

Radiocarpal Joint Injection

Radiocarpal Joint Injection

(Left) Longitudinal ultrasound
shows ultrasound-guided
contrast injection into the
radiocarpal articulation for MR
arthrography. A 25-g spinal
needle [3> lies within the joint
space between the distal radius
and the scaphoid B A small
amount of contrast led has been
injected into the joint. (Right)
Longitudinal ultrasound of the
same patient shows distension
of the radiocarpal articulation
after the injection has been
completed.

Department of Rehabilitation Medicine, Chungnam National University



Carpal Bone Fracture
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Fall On OutStretched Hand (FOOSH)

= Scaphoid Fracture
» 6% of all Fracture involve the carpal bone
70% of carpal bone fracture involve the scaphoid
Primary restraint to excessive wrist extension
High risk of avascular necrosis
Anatomical snuff box tenderness, edema, echymosis

distal tubercle

YV V V V

distal articular
surface

distal third 80%
middle third ‘I 5%

proximal third

Ulna Scaphoid fracture

- - Tendons of EPB & APL

Tendon of EPL

| ANATOMICAL SNUFF BOX

Scaphoid fracture
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Occult Fractures and Dislocations of Carpal Bones

=  Anatomic complexity of the wrist area often means some wrist fractures and dislocations
are unnoticed on standard radiographs

= |n this setting, high-resolution may have an ancillary role in detecting occult fractures,
bony avulsions and dislocations during a conventional US examination of the wrist.

= For this reason, bone surfaces should be accurately analyzed during a routine US
examination, because even small irregularities can suggest the correct diagnosis. The US
appearance of traumatic lesions of wrist bones includes a step-off deformity or a focal
interruption of the cortical continuity in fractures and a disruption of the normal relation
ship between two adjacent bones in dislocations.

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= When the occurrence of a fracture is suspected at US examination, further imaging
studies with additional radiographic views, CT and MR imaging must be obtained
depending on the specific situation to confirm the diagnosis as well as to assess the
number and position of the fragments in fractures or the relation of bony ends in
dislocations.

= Scaphoid is the m/c site of occult fractures in the wrist area, with up to 20-25% of cases
unnoticed at the initial evaluation

= \When the diagnosis is delayed, scaphoid fractures have high rates of complications such
as pseudoarthrosis, avascular necrosis of the proximal pole of the bone and secondary
radiocarpal osteoarthritis with chronic pain and impaired function,

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= High-resolution US can evaluate the scaphoid cortex by means of longitudinal images
obtained over its palmar and lateral aspects. With both lateral and palmar approaches,
care should be taken to align the transducer to the long axis of the scaphoid.

= Longitudinal images over the lateral aspect of the bone demonstrate a small ridge at the
middle third of the lateral face reflecting the scaphoid tubercle.
This tubercle separates the proximal articular facet from the distal nonarticular portion of the
bone and should not be misinterpreted as a fracture

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= Several studies have reported the main US findings in cases of scaphoid fracture
Two scanning technique have been proposed

In the first, color Doppler imaging is used to measure the distance between the radial artery
and the scaphoid cortex using a lateral approach.

 Superficial displacement of the artery due to post-traumatic local edema is assessed in comparison

with the unaffected side. A scaphoid index has also been introduced to reduce the variability in the

normal scaphoid-radial artery distance. For threshold values >30%, a 100% sensitivity and 74 %
specificity were reported for this index.

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

With progressive advancements in transducer technology, the ability of US to detect

scaphoid fractures based on detection of a focal interruption of the hyperechoic bony
cortex

Transverse and longitudinal US scans over the ventral, lateral and dorsal aspects of the scaphoid
in both neutral and ulnar deviation positions is required for this study.

Based on cortical disruption as the only diagnostic key, US proved to have 100% sensitivity,
98% specificity and 98% accuracy for the depiction of fractures of the waist of the scaphoid

Scaphoid

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= A total of 146 patients in the age group of 10-65 years with traumatic wrist injuries were
evaluated. Of these, 114 agreed to participate in the study. The patients presented with
complaints of pain, swelling or restricted movements of wrist joint or tenderness in
anatomical snuffbox in the outdoor patient department of author's institute and had a
clinical suspicion of scaphoid fracture. The radiologist was asked to assess the cortical
continuity of scaphoid and detect the presence of radio carpal effusion.

Comparison of results of X-ray and USG (%).

Item Sensitivity Specificity Positive Megative Accuracy
predictive predictive
value value

X-ray 35.71 40.00 62.50 18.18 20.58
76.67 90.54 57.50

R. Jain, Chinese Journal of Traumatology, 2018

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

* Hematoma & Edema on Fracture lesion

European Journal of Radiology Open (2021) 100358

Reported US sensitivity, specificity, and predictive values in the diagnosis of scaphoid fractures.

US signs Sensitivity Specificity PPV NPV

Scaphoid cortical disruption 100 % 96.5 % (95—98%) 83 % 100 %
Radio carpal effusion 100 % 53 % (42—-65%) 27 (23—-31%) 100 %
Scapho-trapezium-trapezoid effusion 100 % 74.5 % (65—84%) 42.5 % (23—-62%) 100 %
Cortical disruption and Articular effusion 100 % 99 % (98—-100%) 99 % (98—100%) 100 %

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= Diagnostic Algorithm of Scaphoid Fracture

| Wrist injuries |

l

Tenderness in the anatomical snuff box (ASB)

Tenderness over the scaphoid tubercle

Pain on lengitudinal compression of the thumb

Treatment** | <= ‘ Fracture |<j:| Radiography | =) | No abnormality

Cortical disruption

A
No further <‘:| No abnormali 1| sonography | =) o | Treatment**
examination i i > Soft tissue
ﬁ abnormalities

Isolated soft tissue |:'> | High clinical suspicion*® ‘
abnormalities

or
isolated cortical disruption L

Moderate or low
clinical suspicion*

l European Journal of Radiology
Thumb spica cast and reevaluate in Open 8 (2021) 100358

10-14 days with X-ray.

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= (QOther Carpal Bone Fractures

Trapezium fractures, small avulsion fractures of the dorsal triguetrum may also occur as the result of wrist
injuries in hyperflexion and hyperextension. These latter fractures are very difficult to detect on standard
radiographs unless tangential views are obtained. High-resolution US identifies the avulsed bone as a small
hyperechoic fragment surrounded by a hypo echoic halo due to perilesional inflammatory edema, Local
pain enhanced by pressure with the probe is confirmatory of the diagnosis.

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= Fractures of the hook of hamate
Rare, but 35% of them occur in golfers.
The hook of hamate is particularly vulnerable when a tall player uses standard length clubs.
* the end of the club may press onto the hook of hamate or piso-hamate ligament.
Acute fractures can occur if the club hits the ground or an object, and with repetitive impacts
the hook is also susceptible to bone stress injuries.

Hook of
hamate

Pisiform

" Fracture of the
hook of the Ulnar nerve

hamate
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Occult Fractures and Dislocations of Carpal Bones

= Fractures of the hook of hamate

Hook of the hamate fractures are particularly rare carpal fractures with significant morbidity if

not diagnosed early. Hook of the hamate fractures have the potential to cause significant injury
to the ulnar nerve and artery.

Case Report
« 43/M

* Hypothenar pain, paresthesias of the fifth finger and ulnar aspect of the fourth finger, and pallor of
the fourth and fifth fingers. Aftert twisting the oil fllter of an automobile

* Plain radiography: negative

J Emerg Med 2016 Jul:51(1):63-5.
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Occult Fractures and Dislocations of Carpal Bones

= After osteosynthesis for wrist fractures, US can also recognize postsurgical complications
related to the in appropriate positioning or displacement of orthopedic hardware. The
conflict of screws and metallic plates with superficial soft tissues may be responsible for
tendon impingement and tears. In such cases, US is a valuable tool to identify the
severed structures and the hardware material as the cause of impingement

Department of Rehabilitation Medicine, Chungnam National University
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Occult Fractures and Dislocations of Carpal Bones

= Dislocation of carpal bones

May be challenging on plain films.

Dislocations affect mostly the lunate which is prone to volar dislocation, a condition commonly referred to
as perilunate dorsal dislocation of the wrist.

Even if radiographic examination can recognize the displacement of the lunate, in some cases this
condition goes unnoticed at the first examination and US can be required to assess the cause of edema
and functional inability of the wrist.

Longitudinal and transverse US images over the carpal tunnel reveal the volar displacement of the bone
which puts on view its concave articular facet, not detectable in normal states as it articulates with the
capitate .Direct compression of the flexor tendons and the median nerve by the displaced lunate can be
depicted with US as well. - R
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Take Home Messages

= Usability of US on Wrist pathology
Scapholunate instability evaluation including dynamic study

Radiocarpal joint injection

Occult fracture detection on carpal bone, exspecially scaphoid bone
 Cortical distruption
 Soft tissue edema
* hemoarthrosis

Department of Rehabilitation Medicine, Chungnam National University
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