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ABSTRACT

BACKGROUND: Magnetic resonance imaging is one of the leading imaging modalities of the musculoskeletal system. However,
when imaging the hand, major problems in magnetic resonance imaging include the lack of specialized coils and reliable
fixation devices for the hand, uncomfortable patient posture, motion artifacts, and small anatomical structures in the wrist.
These factors inevitably lead to incorrect interpretation.

AIM: To improve the quality of magnetic resonance imaging of the hand by developing an approach to coil selection, scanning
protocol, and hand positioning and fixation.

MATERIALS AND METHODS: A positioning device was developed to prevent hand movements. Two types of coils were
evaluated. Magnetic resonance images were evaluated comparatively, as well as by a musculoskeletal radiologist.

RESULTS: A head coil is more appropriate when scanning the entire hand, for example, in rheumatic diseases. A knee coil is
more appropriate when studying smaller anatomical structures (including the wrist) owing to a smaller field of view and higher
resolution. Based on the obtained data, guidelines for the selection of scanning parameters, sequences, and coils for magnetic
resonance imaging of the hand were formulated. To prevent motion artifacts, a special fixation device of the patient’s hand was
introduced.

CONCLUSION: Certain factors directly affect the qualitative magnetic resonance imaging study of the hand, such as safety
protocols, scanning parameters, and hand fixation. The guidelines presented in this study and the use of the developed
specialized fixation device may improve the quality of magnetic resonance imaging of the hand.
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MaI'HMTHO-pe30HaHCHa$I TOMOI'paCIJMﬂ KUCTU:
onTUMMU3aLUa CKaHUpOBaHUA

t0.A. Bacunbes, [1.C. CemeHos, A.B. MNeTpsitkuH, A.A. YueBaTKuH,
J1.P. Abynap3e, A.B. baxun, [1.E. LLlapoBa

Hay4Ho-npaKTUYeCKuit LIEHTP AMArHOCTUKM U TeNeMeauLMHCKIUX TexHomormid, Mocksa, Poccus

AHHOTALMA

06ocHoBaHWe. MarHuTHO-pe30HaHCHas ToMorpaus — OAMH U3 BELyLUMX METOAO0B Jy4eBO AMArHOCTUKM NaToN0rM4YeCKuX
W3MEHEHWI OMOPHO-[BUraTeNlbHOro anmnapara, B TOM YUCNe Jly4e3ansicTHOro cyctaBa M Kuct. OCHOBHbIMM npobnemamu,
C KOTOPbIMM BCTPEYAIOTCA PEHTreHoabopaHTbl U BpauM-peHTreHOOMM NpU BbIMOHEHUW MarHUTHO-PE30HaHCHOW TOMO-
rpadmmn KUCTW, SBNAIOTCS OTCYTCTBUE CMELMANM3MPOBAHHON KaTYLLKW U HALEXHOr0 GUKCUPYIOLLLEro YCTPOWCTBA AN KUCTH,
a TaKkKe HeynobHas no3a nauumeHTa, YTo B UTOTe MPUBOAMT K Ype3MepHOI ABUraTesIbHON aKTMBHOCTM MaLMeHTa BO BpeMst
UCCNef0BaHNUA U CHUXKEHMI0 KayecTBa MojlyyaeMblx M300paxeHuii. B jononHeHue K 3ToMy, nyye3anscTHbIA CycTaB U KUCTb
COCTOSIT U3 MHOXXECTBA HEOOMbLUMX aHaTOMUYECKUX CTPYKTYP, AeTaNbHas BU3yanu3aumus KOTOpbIX TpedyeT yANMHeHUs Bpe-
MEHW CKaHMPOBAaHMS, YTO B CBOIO 0Yepefib ABNSETCA JONOAHUTENbHBIM (GAKTOPOM PUCKA MONYYEHUS HEKAYECTBEHHBIX U30-
BpakeHW U3-3a ABUraTeNlbHOM aKTMBHOCTY MaLMEHTa, NOBbILLAs BEPOSTHOCTb HEKOPPEKTHOW MHTeprpeTaLmm UccneAoBaHus
BPa4OM-PEHTTEHOSIOMOM.

Lienb — ynyyiwumTb Ka4yecTBO M306paXeHui, NONYYEHHbIX B X0J€ MarHUTHO-Pe30HaAHCHOM ToMorpaduu KUCTU, NYTEM pas-
paboTKU CTaHAAPTU30BaHHOTO MOAXO0AA K BbINOJIHEHWUIO UCCIE0BaHMA: BbIDOP KaTYLLKW, YKNaAKa NaLMeHTa, OCyLLeCTBIeHNe
duKcaummM KuCTH, a TakKe BbIDOP NPOTOKOMA CKAHUPOBAHMUA M NapPaMeTPOB UMMYNbCHbIX NOC/eA0BATENIbHOCTEN.
Marepuansb! u MeToapl. PaspaboTaHa noHreta Ans NpeaynpexaeHns LBUXKEHWIA KUCTU U BbINOSIHEHbI UCCNEA0BaHNS C NpU-
MeHeHWeM ABYX BULOB PaJMOoYacTOTHBIX KaTyLueK. [TpoBeAeHa cpaBHUTENbHAs OLEHKA M306paXeHuid No TEXHUYECKUM napa-
MeTpaM, a TakXKe OLieHKa BPa4OM-PEHTIEHOI0MOM, CNeLManu3vpyIoLLMMCS Ha CKENETHO-MbILLEYHOI BU3yanu3aLmm, Ha npea-
MeT KayecTBa M306paxeHuit B 3aBUCUMOCTY OT LieSU UCCe0BaHus.

PesynbTatbl. [pUMeHeHMe KaTyLWKU AN UCCNEAO0BaHWsA rooBbl (FONIOBHOM KaTyluky) bonee uenecoobpasHo npu Heobxo-
AMMOCTM CKaHMPOBaHMS BCE KUCTW (HanpyuMep, Npy peBMATONOMMYECKUX 3a00/1eBaHUAX), NPUMEHEHUE KONEHHOM KaTyll-
Ku — npu HeobxoammocTu Bonee AeTanbHOM OLEHKM aHaTOMUYECKUX CTPYKTYp (B TOM umcnie 3anficTbsl), BBUALY MEHbLLEr0
nons ob3opa u bonee BbICOKOro paspeLleHus. Ha ocHOBaHWM NoflydeHHbIX AaHHBIX Bblav chopMynMpoBaHLl pekoMeHAaLmMK
Mo NpOBEAEHWI0 MarHUTHO-Pe30HAHCHOW TOMOrpagun KMCTW: BbIGOP pafMoyacTOTHONM KaTyLKKM, NPOTOKONA CKaHUPOBaHMS,
napameTpoB UMNYNbCHbIX MocnefoBaTenbHocTend. KpoMe Toro, HamMu NpeanoxeHa NoHreta ans GuUKcaumn KUCTU naumeHTa
C LieNbio HUBETMPOBAHMA U3DbITOUHbIX BIKEHWI W NPeLOTBPALLEHUS BO3HUKHOBEHWS apTedaKToB.

3aknioueHune. [In1s KauyeCTBEHHOTO BbIMOSIHEHUS MArHUTHO-PE30HAHCHOWM ToMorpaduu Kuctu TpebyeTcs yuuTbiBaTb PSA
dakTopos: nNpasuna 6e30nacHOCTX NpW NPOBELLEHUN MArHUTHO-PE30HAHCHON TOMOrpaduM, HacTpoMKa NapamMeTpoB CKaHM-
POBaHMA, rpaMoTHan QuKcauma KUCTU B KaTyluke. CobntogeHne peKoMeHaauUmiA, KOTopble NpefnaraloTca B AaHHoW pabore,
a TaKKe NpUMeHeHWe pa3paboTaHHOM NOHreTbl NO3BONSIOT YNYYLIMTL KA4eCTBO MOSTyYeHHbIX M300paXKeHuiA Npu MarHUTHO-
PE30HAHCHOM TOMOrpagum KUCTU.

KnioueBble cnoBa: MarHMTHO-pe30HaHCHasA TOMOI'paCIJVIFI; KUCTb; J'Iy‘-le3aI'IFICTHbIVI CyCTaB; ONTUMU3aLNA.
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BACKGROUND

Magnetic resonance imaging (MRI) is a crucial
imaging modality for diagnosing abnormalities in human
musculoskeletal structures. It is widely used owing to
the absence of radiation exposure and high contrast
enhancement of soft tissues. MRI has a high diagnostic
accuracy in evaluating lesions of cartilage, ligaments, mass
lesions, and bone marrow [1]. However, to evaluate the small
structures of the hand and obtain high-quality MRI scans,
several conditions should be met: the radiologist should
follow general MRI precautions [2], use correct sequences,
and use special radiofrequency (RF) coils and accessories to
fix the hand position. The disadvantages of MRI include its
limited availability [3] and high cost [4].

For radiologists, one of the challenging aspects in
interpreting hand MRI is that the hand is composed of small
structures; thus, imaging and interpretation of pathological
changes in the hand tissues is directly dependent on the skill
and expertise of the radiologist and on the quality of the image
[5]. For example, radiologists with expertise in diagnosing
musculoskeletal disorders were shown to provide more
detailed interpretations than those with less experience [1].
For patients, the key factors for obtaining high-quality images
are proper positioning and fixation of the patient's hand and
minimizing motor activity throughout the examination. Motion is
a common source of MRI artifacts. Artifacts appear as blurred
margins of structures and thus reduce the informational value
of the examination [6]. Two types of motion can cause artifacts:
internal, caused by physiological processes (e.g., blood flow
in the vessels), and external, which are directly related to the
patient’s active or passive movements during the examination.
Flow artifacts are less significant owing to the small vessel
caliber. They can be mitigated by using special saturation
pulses applied distal and proximal to the area being scanned
and by changing the direction of the phase encoding gradient.
The patient's movements can be minimized by choosing a
comfortable position for the hand and fixing it securely [6].

STUDY AIM

This study aimed to improve the quality of hand MRI by
standardizing coil selection, patient positioning, hand fixation,
scan protocol, and sequence parameters.

Vol.5 (2) 2024
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Fig. 1. A device (splint) for positioning the patient’s hand.

MATERIALS AND METHODS

Currently, various problems in performing hand MRI have
been identified. Healthcare facilities of the Moscow City Health
Department are no exception to these issues, including lack of
a special coil, uncomfortable patient position, motion artifacts,
and small anatomical structures that require increased
scanning time for detailed imaging. The lack of reliable hand
fixing device in the coil is another crucial problem. Therefore,
an immobilizing splint was developed and evaluated in studies
using different RF coils (head and knee) to compare quality
and provide recommendations for MRI scanning based on the
data obtained, depending on the purpose of the examination.

The present study included a healthy volunteer using
Excelart Vantage 1.5T (Toshiba, Japan), a commonly used
MR scanner model in healthcare facilities of the Moscow City
Health Department at the time of the study.

A splint made of polymethyl methacrylate (organic glass)
with four textile fasteners on elastic straps was developed to
immobilize the hand (Fig. 1). The splint had the dimensions
30 x 12 cm and thickness of 0.5 cm. A pad for the distal
forearm (Fig. 2b) and disposable covers (gloves, sleeves)
were also provided.

The splint was placed to keep the hand close to the
body, and the wrist was comfortably positioned on a special
pad. Then, the splint was secured with four textile fasteners
on elastic straps (Fig. 2). The patient was put in the prone
position, with the arm extended forward (the superman
position) and the splint fixed to the hand (Fig. 3).

|

Fig. 2. Fixing a splint to immobilize the patient’s hand; (a) top view; (b) side view.
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Fig. 3. Patient in the prone position with the arm extended forward (the superman position) and the hand placed on a splint for
immobilization; () positioning of the device in the assembled radiofrequency coil; (b) positioning of the device in the volume radiofrequency

coil with the upper part open.

Signal-to-noise ratio (SNR) is a crucial parameter of
MRI quality; the higher the SNR, the better the anatomical
structures are visualized. Therefore, the first step was to
evaluate the images by SNR, depending on the scanning
region. Two methods were used to calculate the SNR for the
head and knee coils.

The first method calculated the ratio of the thenar muscle
signal and the standard deviation (SD) of the background
(formula (1)):

_ Thenar Signal M
SNR Background SD

The second method uses the ratio of the thenar signal to

the background signal (formula (2)):

Thenar Signal

SNR @)

) Background Signal

The signal was determined for the thenar as the muscle
signal was not suppressed by the short tau inversion recovery
(STIR) and fat suppression (FS) modes; hence, the obtained
data for different scan modes were averaged. The SNR was

Table 1. Signal-to-noise ratio comparison for head and knee coils

calculated for three main pulse sequences: T1-weighted
(WI) images, STIR, and proton-density weighted images with
fat suppression (PD-WI FS). Furthermore, the presence of
vascular artifacts, the possibility of vertical and horizontal
placement, the need for scan program adjustments, and
patient comfort were evaluated. The images were interpreted
by a radiologist with 10 years of experience.

RESULTS

Table 1 shows the SNR comparison data for the head and
knee coils. When using the knee coil, the SNR was higher for
both calculation methods. This is more clearly seen when
presented as the mean SNR, which was 1.39 times higher
when using formula (1) and 5.3 times higher when using
formula (2).

Table 2 presents data comparing head and knee coils.
Fig. 4 and 5 display images obtained with the head and
knee RF coils. When using the head coil (Fig. 4), the SNR
was lower; however, the signal intensity was more evenly
distributed, allowing evaluation of the entire hand. However,

SNR with formula (1) SNR with formula (2)
T1-WI STIR PD FS T1-WI STIR PD FS
Head coil 6.62 11.51 30.81 1.67 1.65 4.08
Knee coil 10.13 15.54 39.97 11.29 7.16 20.39
SNR 1.53 1.35 1.30 6.76 4.34 5.00
Mean 1.39 5.3

Note: WI, weighted images; PD FS, proton density with fat suppression; SNR, signal-to-noise ratio; STIR, short tau inversion recovery. SNR is

calculated using the following formula: knee coil SNR / head coil SNR.
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Table 2. Comparison of hand magnetic resonance imaging parameters for the head and knee coils

Parameter Head coil Knee coil
Type Multichannel Quadrature
Signal-to-noise ratio (SNR) Higher position for the knee coil relative to the head coil
Evenly distributed Locally high (up to 150 mm)

Convenient scanning, two regions (radiocarpal

Scan region Convenient scanning of the entire hand : d wrist/ b df
(theumatology) region and wrist/metacarpal bones and finger
phalanges [traumatology])
. . Significant, to be suppressed in some
Vascular artifacts Mild programs
Vertlf:al and horizontal positions are Yes Yes
possible
Scanning programs Setup required Setup required
Patient comfort Comfortable Relatively comfortable

Fig. 4. Magnetic resonance imaging of the hand using a head radiofrequency coil, with a splint to immobilize the hand. PD-weighted images
with fat suppression; (a) coronal plane; (b) axial plane.

Fig. 5. Magnetic resonance imaging of the hand using a knee radiofrequency coil, with a splint to immobilize the hand. PD-weighted images
with fat suppression; (a) coronal plane; (b) axial plane.

DOI: https://doiorg/10.17816/DD568545
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when the knee coil was used (Fig. 5), the SNR was higher

locally, allowing assessment of smaller wrist structures.

This was because the knee RF coil was quadrature, not

multichannel, and the working field of view was smaller. A

survey showed that the head coil was more comfortable for

the patient.

Therefore, a head coil is preferred when the entire
hand needs to be scanned, such as in rheumatic diseases,
whereas a knee coil is more appropriate when small wrist
structures need to be examined, for example, in hyaline
cartilage lesions, stress and pathologic fractures, triangular
fibrocartilage complex (TFCC) lesions, and tunnel syndrome.

Recommendations for clinicians and X-ray technicians
have been developed based on these data:

1. Ensure that there are no metal objects that could cause
artifacts and patient injury.

2. Select an RF coil appropriate for the clinical task: a volume
knee RF coil is recommended for thorough evaluation of
local anatomical structures (e.g., wrist, TFCC, etc.); a
head RF coil is recommended to scan the entire hand.

3. Fix the patient’s hand firmly to the splint, placing the
wrist on a special pad for comfortable hand positioning
and securing with four textile fasteners on elastic straps
(Fig. 2a, b).

4. Place the patient in the prone position, with one arm
extended forward (the superman position) (Fig. 3). It is
not always possible to place the patient's arm along the
central axis of the scanner bore with the hand exactly
isocentered; hence, the hand is often rotated and/or

Vol.5 (2) 2024
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moved to the edge of the bore. Additionally, the choice of
coil matters. Some manufacturers attach a coil rigidly to
the patient table, whereas others allow enough space for
movement to position the hand precisely in the isocenter.
5. Use the following scan protocol [7-10]:
a) For the entire hand scan, e.g., in rheumatic diseases
(Table 3):

+ Pre-scan to set up and position the slices

+ PD-WI FS in the sagittal plane

+ PD-WI FS in the coronal plane

+ PD-WI FS in the axial plane

+ STIR in the coronal plane

+ T1-Wl in the coronal plane

Position the locator sequences, i.e., low-resolution

images, in three planes obtained in less than 25 seconds:

« Axial plane: the resulting slices should cover the entire
hand for three slices above the carpometacarpal joint
and three slices below the distal radioulnar joint.

+ Coronal plane: the resulting slices should cover the
entire hand from the dorsal surface to the palmar
surface.

» Sagittal plane: the resulting slices should cover the
entire hand from the medial surface to the lateral
surface of the wrist joint area.

b) For a hand scan, e.g., in case of an injury (Table 4):

+ Pre-scan to set up and position the slices

+ T1-Wlin the coronal plane

+ T2-Wl in the coronal plane

+ PDFS in the axial plane

Table 3. Recommended parameters for hand scan (Toshiba scanner, head radiofrequency coil)

Sequence TR TE Slice thickness (mm) | FOV (cm) ETL Matrix
PD-WI FS, sag 2050 36 3 15%20 7 320x224
PD-WI FS, cor 2700 36 3 15%15 7 320x224
PD-WI FS, ax 2700 36 3 15%15 7 320x224
STIR, cor 3632 36 3 15%15 7 320x224
T1-WI, cor 646 15 3 15%15 1 320x224

Note: ax/cor/sag, axial, coronal, and sagittal planes; WI, weighted images; ETL, echo train length; FOV, field of view; PD FS, proton density with fat
suppression; STIR, short tau inversion recovery; TE, echo time; TR, repetition time. The gap between slices is 10% of the slice thickness. STRI time:

130 msec.

Table 4. Recommended parameters for hand scan (Toshiba scanner, knee radiofrequency coil)

TR TE Slice thickness (mm) | FOV (cm) ETL Matrix
T1-WI, cor 273 10 3 20x16 1 368x240
T2-WI, cor 3,660 45 3 12x12 7 320x256
PD FS, ax 3,630 36 3 12x12 7 256x224
PD FS, cor 2,116 45 3 18x16 7 256x256
STIR, sag 2,464 12 3 15%15 7 320x224

Note: ax/cor/sag, axial, coronal, and sagittal planes; WI, weighted images; ETL, echo train length; FOV, field of view; PD FS, proton density with fat
suppression; STIR, short tau inversion recovery; TE, echo time; TR, repetition time. The gap between slices is 10% of the slice thickness. STRI time:

130 msec.

DOl https://doiorg/10.17816/DD568545
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Fig. 6. Large encapsulated ganglion cyst of the dorsal hand with neck-like connection to the wrist cavity; (@) PD-weighted images with fat
suppression in the axial plane; (b) PD-weighted images with fat suppression in the coronal plane; (c) T1-weighted images in the coronal
plane; (d) PD-weighted images with fat suppression in the sagittal plane.

» PD FS in the coronal plane

+ STIR in the sagittal plane

+ 3D WET in the coronal plane (optional)

Position the locator sequences, i.e., low-resolution
images, in three planes obtained in less than 25 seconds:

« Axial plane: the resulting slices should cover the entire
area of the hand from the distal phalanges to the level
of the distal radioulnar joint.

« Coronal plane: the resulting slices should cover the
entire hand from the dorsal surface to the palmar
surface.

» Sagittal plane: the resulting slices should cover the
entire hand from digit 1 to digit 5.

For survey scans, such as for the diagnosis of rheumatic
processes, STIR is recommended as this sequence allows
a comprehensive volumetric assessment of inflammatory
lesions, whereas PD-WI FS is more selective and provides
higher spatial resolution, which is critical in evaluating
smaller structures.

The limitations of the proposed fixation method include
the potential inability to use the described splint in patients

with contractures or large-space-occupying masses resulting
in gross deformation of the contours (Fig. 6). However, in this
case, the remaining recommendations should be followed
regardless.

DISCUSSION

The hand is the distal part of the upper extremity, which
includes the bones of the wrist, metacarpal bones, and
phalanges, as well as ligaments, vessels, and nerves. The wrist
consists of two rows of bones: the proximal row, consisting
of the scaphoid (os scaphoideum), lunate (os lunatum),
triquetrum (os triquetrum), and pisiform (os pisiforme) bones,
and the distal row, consisting of the trapezium (os trapezium),
trapezoid (os trapezoideum), capitate (os capitatum), and
hamate (os hamatum) bones [11] (Fig. 7).

MRI is a leading imaging method for evaluating hand
structures; however, radiography is more commonly used
for initial evaluation [12]. MRI may be used to investigate
the TFCC, which is the structure that provides shock
absorption, because in the neutral position, the TFCC

Fig. 7. Left hand, wrist bones, and magnetic resonance imaging (T1-weighted images, coronal plane). The proximal bone row is marked
in red; the distal bone row is marked in yellow. S, scaphoid bone; L, lunate bone; Tr, triquetral bone; Ps, pisiform bone; Tp, trapezium

bone; Tz, trapezoid bone; H, hamatum, Cp, capitate bone.

DOl https://doiorg/10.17816/DD568545
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absorbs approximately 18%-20% of the axial wrist load
[4]. Notably, MRI has been shown to be a useful diagnostic
tool in chronic wrist pain to detect central TFCC tears and
lesions at the articulation site with the radial bone, although
ulnar articulation tears are often not visualized [13]. A study
by El-Deek et al. compared the sensitivity, specificity, and
accuracy of MRI and ultrasound (US) in the evaluation of
hand pathology. US was shown to be as effective as MRl in
evaluating tendon disorders and slightly more effective than
MRI in diagnosing carpal tunnel syndrome and presence of
foreign bodies. However, MRl is superior to US in evaluating
TFCC and in assessing edema and characterizing masses
[14]. A study showed that 7T MRI scanners can visualize hand
structures better than 3T MRI scanners [15].

In 2018, the American College of Radiology (ACR)
published guidelines for imaging modalities for chronic
wrist pain (Table 5). However, recommendations regarding
the technical aspects and methodology of hand MRI were
few; further, a special birdcage RF coil is required for better
visualization, and 3T MRI scanners should be preferred over
1.5T or lower ones [12].

Radiofrequency Coils Used for Hand Magnetic
Resonance Imaging

In 2002, a published article presented a birdcage RF coil
optimized for the hands. This coil improved SNR by 50%-90%
[16]. This was reflected in the ACR guidelines at the time [12].

Currently, there are several RF coils for hand imaging.
For example, Siemens (Germany) offers the Hand/Wrist 16
RF coil with 16 channels. The core features of this RF coil
are as follows:

+ Special internal design for quick and easy hand

positioning

» Stabilizing pads to keep the hand in a comfortable

position

+ A holder to shift the center

« Easy installation in the MRI scanner [17]
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Further, ScanMed (USA) offers a Hand and Wrist MRI
Coil that is compatible with MRI scanners from various
manufacturers, including Siemens, General Electric (USA),
and Philips (the Netherlands). The manufacturer claims
that this wrist, hand, and phalange imaging coil showed a
significant improvement in image quality over a scan area
of up to 8 cm compared to other commonly used coils (e.g.,
knee RF coils, quadrature extremity RF coils, wrist 4-channel
RF coils, etc.). This RF coil enables the patient’'s arm to
be positioned at the side (in the supine position) or above
the head in the superman position (in the prone position).
Moreover, it has two design options with two removable
bases that allow scanning in craniocaudal and caudocranial
directions [18].

Available Equivalents of the Proposed Splint

Peterfy et al. [19] described an equivalent of the proposed
splint presented by Spire Sciences, Inc., wherein the hand is
placed on a special M-shaped acrylic frame so that the thumb
and the remaining four fingers are brought together and are in
the same plane. Then, the hand and wrist are secured to the
frame with a self-adhesive elastic bandage [19].

Patient Positioning Options

There are several ways to position a patient. In the
superman position, the patient is placed in the prone position
with the arm extended above the head so that the wrist is as
close as possible to the isocenter of the magnetic field, which
provides the highest SNR and the most uniform signal.

This is an uncomfortable position for many patients; hence,
the patient can be placed in the supine position with the arms
at the sides of the body. In this position, the hand is away
from the magnet isocenter, resulting in a reduced signal and
consequently poor and uneven fat signal suppression [20].

Other foreign studies described the prayer position, wherein
the patient lies on his/her side with the elbow bent so that the
wrist is next to the face and thus closer to the isocenter of

Table 5. Summary of the American College of Radiology recommendations for the use of radiologic modalities in chronic wrist pain

Purpose/indication

Modality

Primary diagnosis
Radiographic results are inconclusive and the symptoms persist
Diagnosis of arthritis to treat or predict course

Kienbdck's disease suspected

Palpable hand mass or suspected hygroma
Suspected occult or stress fractures of the hand

History of scaphoid fractures and chronic wrist pain to assess
fracture complications

Diagnosis of tunnel syndromes

Radiography
Hand MRI without intravenous contrast enhancement
Hand MRI with/without intravenous contrast enhancement

Radiography; for negative radiograms, hand MRI without
intravenous contrast enhancement

Hand MRI/US without intravenous contrast enhancement
Hand MRI/CT without intravenous contrast enhancement

Hand MRI/CT without intravenous contrast enhancement

Clinical evaluation combined with electrophysiology (stimulating

electroneuromyography). Further imaging is usually not needed;

in some cases, a wrist US or MRI without contrast enhancement
may be indicated

Note: MRI, magnetic resonance imaging; CT, computed tomography; US, ultrasound.
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the magnet [20]. In the Standards of MRI, Bazhin et al. [10]
revealed two similar positioning options: the prone position
with the head toward the magnet bore and arms extended and
raised (the superman position) and the supine position with
the examined arm placed in a neutral position along the body.

Scan Protocols

In the Standards of MRI, Bazhin et al. [10] determined the
following hand scan protocol:

1. T1-WI in the coronal plane
. T2-Wl in the coronal plane
. STIR in the coronal plane
. T1-Wl in the sagittal plane
. STIR in the sagittal plane
. STIR in the axial plane

7. GRE in the axial plane

Nonetheless, the European Society of Skeletal Radiology
Sports Subcommittee [7] recommends the following protocol,
primarily for hand digits:

1. PD-WI FS in the axial plane

2. T1-Wl in the axial plane

oN U1 B~ N
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3. PD-WI FS in the coronal plane

4. PD-WI FS in the sagittal plane

5. STIR in the coronal plane

Moreover, the European Society of Skeletal Radiology
Arthritis Subcommittee [8] recommends the following
protocol for rheumatic diseases:

1. STIR/T2-WI FS in the coronal plane

2. T1-Wl in the coronal plane

3. PD-WI FS/STIR/T2-WI FS in the axial plane

4. T1-WI in the axial plane

5. PD-WI FS in the sagittal plane

6. Contrast-enhanced T1-WI in the axial plane (optional)

Images with Artifacts

A review of hand MRI showed that MRI scans may often
be of low diagnostic value, with low resolution and low
contrast enhancement (low SNR), and present motion or
metal artifacts in the scan field (Fig. 8-10).

The technique to be used for hand MRI to ensure
maximum patient comfort and high image quality remains
controversial.

Fig. 8. Reduced imaging quality because of movement artifacts without using a splint (arrows); (a) T1-weighted images in the coronal

plane; (b) STIR protocol in the coronal plane.

Fig. 9. Reduced imaging quality in a patient with triangular fibrocartilage complex disorder
because of motion artifacts (arrows) and atypical positioning (without a splint); (a) T2-
weighted images in the coronal plane; (b) PD-weighted images with fat suppression in the
sagittal plane.

DOl https://doiorg/10.17816/DD568545

Fig. 10. Reduced imaging quality
because of technical artifacts from the
ring: T1-weighted images in the coronal
plane.
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CONCLUSION

The hand is a complex anatomic structure. MRI is
a commonly used imaging modality for evaluating the
musculoskeletal system owing to the absence of radiation
exposure, high contrast enhancement of soft tissues, and
ability to detect radiographic abnormalities in the bone
tissue. Several factors should be considered to obtain
high-quality MRI scans, including general MRI precautions,
scan settings, and proper hand fixation in the coil.
Implementation of the proposed splint will standardize
examinations and reduce motion artifacts with convenient
fixation and use. Therefore, following the recommendations
can improve the quality of MRI scans, reduce overall scan
time, and reduce interpretation errors for hand MRI scans.
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