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Magnetic resonance (MR) imaging of the carpal tunnel and related
structures in New Zealand Rabbit (Oryctolagus cuniculus):
An anatomic and radiologic evaluation on an animal model
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Summary: The aim of this study was to determine the anatomical structures in carpal region with the routine T1, T2 weighted
(W) and three-dimensional (3D) magnetic resonance (MR) sequences that are frequently being used for the diagnosis and the
treatment of the wrist disorders and to indicate the efficacy of MR imaging (MRI) on the rabbit’s carpal region which can be a
convenient wrist model especially for the carpal tunnel syndrome. It is also aspired to compare the image features obtained from 1.5
and 3 Tesla MR units in terms of anatomy and radiology. Five adult New Zealand rabbits were used in this study. Wrists were
scanned in neutral position by 1.5 and 3 Tesla MR devices with a loop coil and a 15-channel transmit-receive birdcage coil
respectively. Anatomy of the carpal tunnel was well defined in TIW transverse images in 1.5 Tesla MRI. The median nerve was
imaged with greater signal intensity on T2W sequences. In 3 Tesla MRI, the anatomical structures in carpal region could easily be
evaluated on high resolution 3D sequences with isotropic voxels and also with the help of thin section reformatted images. According
to our results, 3D sequences with isotropic voxel sizes by 15-channel transmit-receive birdcage coil in 3 Tesla MRI device seems to
be more efficient than the other routine two-dimensional sequences in 1.5 Tesla MRI for the assessment of carpal tunnel anatomy,
diagnosis and treatment of disorders both in humans and in animals. This process also decreases the MRI time and specific
absorption rate (SAR) values.
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Yeni Zelanda Tavsani’nda (Oryctolagus cuniculus) karpal tiinel ve iliskili yapilarin manyetik rezonans
(MR) goriintiilenmesi: Hayvan modeli iizerinde anatomik ve radyolojik bir degerlendirme

Ozet: Bu calismanin amaci; el bilegi bolgesindeki rahatsizliklarin teshis ve tedavisinde kullanilan rutin T1, T2 Agirlikli (A) ve
3 boyutlu manyetik rezonans (MR) sekanslarinin yardimiyla, karpal bolgedeki anatomik olugumlari belirlemek ve manyetik rezonans
goriintiilemenin, 6zellikle karpal tiinel sendromu i¢in uygun bir bilek modeli olabilecek tavsan karpal bolgesi tizerindeki etkinligine
isaret etmektir. Ayrica 1,5 ve 3 Tesla MR cihazlarindan elde edilen goriintii 6zelliklerinin anatomik ve radyolojik agidan
karsilastirilmasi da amaglanmistir. Bu ¢aligma i¢in 5 adet Yeni Zelanda Tavsani’ndan faydalanilmistir. El bilekleri ndtral pozisyonda
sirastyla 1,5 Tesla MR cihazinda, halka tipi koil ile ve 3 Tesla MR iinitesinde, 15 kanalli alici-verici kafes tipi koil ile tarandi. 1,5
Tesla MR goriintiilemede; T1 A transversal imajlarda carpal tiinel daha iyi belirlendi. T2 A sekanslarda nervus medianus yiiksek
sinyal yogunlugu gosterdi. 3 Tesla MR goriintiilemede; karpal bolgedeki anatomik yapilar izotropik vokselli 3 boyutlu sekanslar ve
ayrica ince kesit reformat goriintiilerin de yardimiyla rahatlikla degerlendirilebildi. Sonuglarimiza gore; hem insan hem de
hayvanlarda karpal tiinel anatomisinin degerlendirilmesi, rahatsizliklarin teshis ve tedavisi i¢in izotropik voksel 3 boyutlu sekanslar
ve 15 kanal alici-verici koil vasitasiyla ¢ekilen 3 Tesla MR goriintiillemenin, 1,5 Tesla MR goriintiilemede kullandigimiz 2 boyutlu
sekanslara gore daha etkin oldugu goriilmektedir. Ayrica bu islem MR goriintiileme zamanini kisaltmakta ve SAR degerlerini de
diisiirmektedir.

Anahtar Kelimeler: 15 kanall1 alici-verici koil, anatomi, karpal tiinel, manyetik rezonans goriintiileme, tavsan.

Introduction
Carpal tunnel is a fibro-osseous canal on the palmar
side of the wrist and it is surrounded by carpal bones and
flexor retinaculum (11). Median nerve and flexor tendons
of the fingers pass through this canal (21). This region
has an importance for many investigators on account of
the carpal tunnel syndrome which is the most common

compression neuropathy for the humans (5, 9, 19).
Despite a rapidly increasing prevalence and causing a
serious economic loss, the etiology is frequently
described as idiopathic and the diagnosis and treatment
are not satisfying in some of the patients (4, 8, 9).

The carpal tunnel anatomy of the rabbit has been
reported by several authors and it is similar to man
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regarding the osseous and connective tissue formations in
this region (3, 10, 13, 18). The carpal joint of rabbit
consists of four bones in the proximal row, radial,
intermediate, ulnar, and a small accessory carpal bone
and another four in the distal row, the carpal bones from
1 to 4™, which are attached to each metacarpal except
the fifth (10). The only dissimilarity to human wrist is the
central carpal bone in between the 2™ and 3™ carpal
bones (18). The median artery and the median nerve pass
through the carpal tunnel together with the tendons of
deep and superficial digital flexor muscles (7, 10, 18).
The flexor pollicis longus of the rabbit is also within the
carpal tunnel. The proximal and distal rows of carpal
bones and the transverse carpal ligament form a rigid
passageway at the wrist through which the flexor tendons
and the median nerve pass downwards (18). Due to those
mentioned above, rabbit seems to be a convenient model
for the researchers working on physiopathology of the
carpal region.

Magnetic resonance (MR) imaging (MRI)
distinguishes as an effective non-invasive method not
only for the anatomy of the structures in carpal tunnel,
but also for the diagnosis, treatment and staging of carpal
tunnel syndrome and many other disorders both in
human and veterinary medicine (2, 16, 17, 20, 23). MRI
provides an objective and typical morphological data and
this is directly related with the period and the intensity of
the diseases in carpal region (2).

But at the same time, imaging of the carpal region
in rabbit is quite difficult with the routine MRI coils and
sequences due to the low quantity of the body fluids,
scantiness of soft tissues and the narrowness of field of
view. Therefore, the necessity of a small but modified
coil for the specific parts of the body or an improved
multi-channel coil, and special MRI sequences becomes
more important in this region of small animal models.

The aim of this study was to determine the
anatomical structures in routine T1, T2 weighted and
three-dimensional (3D) MR sequences that are frequently
being used for the diagnosis and the treatment of the

Table 2. Parameters of 3 Tesla MR sequences.

wrist disorders and to indicate the efficacy of MRI for the
anatomy of rabbit’s carpal region as a wrist model. It is
also aspired to compare the image features obtained from
1.5 and 3 Tesla MR devices. According to our survey on
previous researches, a current study in which the
isotropic 3D sequences and MR devices had been used
for the evaluation of the wrist on animal models could
not be found.

Materials and Methods

Three male and 2 female adult New Zealand rabbits
which had been practiced previously on another research
were also used in this study. MRI process was performed
for both left and right forelimbs within 15-30 minutes
after euthanasia procedure.

Wrists were scanned in neutral position by 1.5 Tesla
(Magnetom Vision Plus, Siemens Medical Solutions,
Erlangen, Germany) MR device with a 40 mm loop coil
and 3 Tesla (Tim Trio, Siemens Medical Solutions,
Erlangen, Germany) MR unit with 15-channel transmit-
receive birdcage coil. Firstly, three planes scout
(localizer) images were obtained in both 1.5 Tesla and 3
Tesla devices.

Table 1. Parameters of 1.5 Tesla MR sequences.
Tablo 1. 1,5 Tesla MR sekanslarinin parametreleri.

Sequence Parameters 2D TIW 2D T2W
TR (ms) 400 2900
TE (ms) 20 96
FOV (mm) 50x50 50x50
Matrix 192x256 210x256
NEX 2 2
Slice Thickness (mm) 2 2
ETL 1 1
Time of Acquisition 3.27 min 3 min

Routine two dimensional (2D) T1 and T2 weighted
(W) sequences were performed with the 1.5 Tesla MR
device (Table 1). In 3 Tesla MRI, after acquisition of
three planes, TIW/T2W/proton-density W routine turbo

TSE: turbo spin-echo; VIBE: volumetric interpolated breath-hold sequence; FLASH: fast low-angle shot; SPACE: sampling
perfection with application-optimized contrasts by using different flip angle evolutions.

Tablo 2. 3 Tesla MR sekanslarinin parametreleri.

TSE: turbo spin-echo; VIBE: volumetric interpolated breath-hold sequence; FLASH: fast low-angle shot; SPACE: sampling
perfection with application-optimized contrasts by using different flip angle evolutions.

Sequence Parameters 2D T1W-TSE 2D T2W-TSE 3D-VIBE 3D-FLASH T2W 3D-SPACE
(dual echo)

TR (ms) 653 4530 14.7 17 1500

TE (ms) 29 90 6.52 59 121

FOV (mm) 64x38 27x53 51x54 230x120 162x45
Matrix 384x182 320x120 320x273 640x120 512x146
Slice Thickness (mm) 0.33 1.1 0.2 0.2 0.6

ETL 3 14 1 1 129
Number of Images 57 10 144 128 64
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spin-echo, coronal plane T1W 3D-spoiled gradient-echo
and fast low-angle shot (FLASH), sagittal plane 3D-T1W
volumetric interpolated breath-hold (VIBE), and sagittal
plane T2W 3D sampling perfection with application
optimized contrasts using different flip-angle evolutions
(SPACE) images were obtained with isotropic voxels
(Table 2).

The MRI process for the each wrist took 20 minutes
approximately. The volumetric data obtained from the
3D sequences in 3 Tesla MRI were transferred to the
workstation of the MR device for the post processing
with the Leonardo software (Siemens Medical Solutions,
Erlangen, Germany). Three planes oblique-curved thin
section reformatted and maximum intensity projection
(MIP) images were created by this software. A group of
radiologist and anatomists evaluated all the images in
main and satellite consoles of MR device simultaneously.

Results

Considering the T1W transverse images in 1.5
Tesla MRI, anatomy of the carpal tunnel was well
defined. The carpal bones and flexor retinaculum were
hyperintense on T1W images (Figure 1). The superficial
and deep flexor tendons had low signal intensity on both
TIW (Figure 1) and T2W images (Figure 2). The
osseous structures, especially the carpal bones, could be
determined and labeled on all images (Figure 1 and 2).
Flexor tendons could also be displayed on 2D T1W
images (Figure 1). Besides, the median nerve was imaged
with greater signal intensity on T2W sequences (Figure
2).

When examining the 3 Tesla MR images, the
anatomical structures in carpal region could easily be
evaluated on high resolution 3D sequences with isotropic
voxels and also with the help of thin section reformatted
images (Figure 3 and 4). The oblique and curved
reformatted images provided convenience for the
identification of all wrist elements such as tendons, bones
and nerves (Figure 3). Although the images had been
obtained with small FOV and isotropic 3D sequences, the
quality of the thin section images were well enough due
to their high resolution characteristics. Besides, the
osseous structures and nerve-tendon sheaths were also
determined with high confidence by the help of MIP
images. In 3D FLASH and 3D VIBE images, it was quite
convenient to display the hypointense formations such as
tendons (Figure 3 and 4).

Discussion and Conclusion
When considering the images anatomically, the
anatomic localization of the proximal and distal rows of
the carpal bones displayed in MR images was congruent
with the atlases and the other references (7, 13, 18). TIW
images can be used to determine the flexor tendons and

bones. Besides, T2W ones are more effective for the
anatomic identification of the median nerve and also its
neuropathies such as synovial fluid-bone edema,
mentioned by Cheng et all. (6). The anatomic localization
of the median nerve could be identified on T2W images
in 1.5 Tesla MR device. Despite that, the course of this
nerve could be observed much more clearly in 3D
reformatted images obtained by 3 Tesla device. These
anatomic analyses mentioned above can be quite useful
for the clinicians as well particularly performing the
endoscopic surgical techniques.

MRI of the rabbits’ carpal region was carried out
with both 1.5 Tesla and 3 Tesla MR devices. However, a
sophisticated high resolution (3 Tesla) device obviously
provided us to obtain more detailed and well defined
images. There has been a significant increase in the
signal to noise ratio (SNR) values of the MR images with
the widespread using of the 3 Tesla MR units in routine
clinical applications (22). This increasing can not only be
used to improve the image quality, but also make use to
increase spatial resolution or to decrease the scanning
time (12). This feature was considered in our study and
practiced on 3 Tesla MR device with various sequences.

The most notable disadvantage of the 3 Tesla MRI
is the high specific absorption rate (SAR) (14). However,
this disadvantage could be eliminated by using 3D turbo
spin-echo sequences such as 3D sampling perfection with
application optimized contrasts using different flip-angle
evolutions (3D-SPACE) as mentioned by Mugler 3™ et
all (14). TIW, T2W, proton-density W, inversion
recovery, and heavily T2W images could be obtained in a
shorter time with high SNR and lower SAR by 3D-
SPACE sequence in accordance with the mentioned in
previous researches (12, 14).

Isotropic 3D acquisition with high spatial resolution
provides an advantage to evaluate the complex
anatomical structures in the wrist, as observed in our
study. The high resolution - thin section reformatted
images obtained with the isotropic 3D sequences make
possible to evaluate the patients or structures even after
imaging by comparing with the other sequences.

Also the other advantage of 3D sequences with 3
Tesla MR unit is to decrease MR examination time
significantly (1). In routine MR examination protocol,
T1W and T2W sequences have to be performed in many
plans to determine the anatomical structures in wrist.
However, the morphological data given by these
sequences could be obtained easily with the isotropic 3D
sequencing itself as mentioned in our study. This 3D
protocol shortens the process approximately 15 minutes
for each MRI examination.

We have practiced loop coil in 1.5 Tesla device and
also the 15 channel transmit-receive coil in 3 Tesla
device as mentioned before. Besides, we had a chance to
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Figure 1. T1 weighted images of the right wrist scanned with 1.5 Tesla MR device. Male rabbit.

A: Dorsal plane image on which the level of transverse images were labeled as B, C, D and E from proximal to distal.
Sekil 1. Sag bilegin 1,5 Tesla MR cihazinda taranmis, T1 agirlikli goriintiileri. Erkek tavsan

A: Transversal goriintii diizeylerinin B, C, D ve E olarak proksimalden distale etiketlendigi dorsal goriintii.
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Figure 2. T2 weighted images of the right wrist scanned with 1.5 Tesla MR device. Male rabbit.

A: Sagittal plane image on which the level of transverse images were labeled as B, C, D and E from proximal to distal,
Sekil 2. Sag bilegin 1,5 Tesla MR cihazinda taranmis, T2 agirlikli goriintiileri. Erkek tavsan.

A: Transversal goriintiilerin B, C, D ve E olarak proksimalden distale etiketlendigi sagittal goriintii.

Acronyms of Figure 1 and 2: R: Radius, U: Ulna, DF: Deep flexor tendon, SF: Superficial flexor tendon, N: Median nerve, CR:
Radial carpal, CI: Intermediate carpal, CU: Ulnar carpal, CA: Accessory carpal bones, FR: Flexor retinaculum, C1: 1 carpal, C2: 2™
carpal, C3: 3™ carpal, C4: 4™ carpal bones, M1: 1% metacarpal, M2: 2™ metacarpal, M3: 3™ metacarpal, M4: 4™ metacarpal, M5: 5"
metacarpal bones.

Sekil 1 ve 2’ye ait Akronimler: R: Radius, U: Ulna, DF: M. flexor digitorum profundus’un tendo’su, SF: M. flexor digitorum
superficialis’in tendo’su, N; Nervus medianus, CR: Os carpi radiale, CI: Os carpi intermedium, CU: Os carpi ulnare, CA: Os carpi
accessorium, FR: Retinaculum flexorum, C1: Os carpale primum, C2: Os carpale secundum, C3: Os carpale tertium, C4: Os carpale
quartum, M1: Os metacarpale primum, M2: Os metacarpale secundum, M3: Os metacarpale tertium, M4: Os metacarpale quartum,
MS5: Os metacarpale quintum.
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Figure 3. Coronal plane 3D-FLASH images of wrist in female
rabbit scanned with 3 Tesla MR device. On these images,
median nerve was seen as hyperintense (arrow), and tendons
were imaged as hypointense (broken arrows).

Sekil 3. Disi tavsanda, bilegin koronal planda ve 3 Tesla MR’da
elde edilmis 3D-FLASH goriintiileri. Nervus medianus
hiperintens (diiz ok), tendonlar ise hipointens (kesikli oklar)
goriiniimdedir.

Figure 4. 3D-VIBE images of the wrist in female rabbit on
coronal (A, B) and oblique sagittal (C) planes. Bone cortex (in
A and C) was imaged as hypointense. However, bone marrow
(in A) was isointense. Flexor tendons could be displayed as
hypointense (white arrow)

Sekil 4. Disi tavsanda, bilegin koronal (A, B) ve oblik sagittal
(C) planlarda alinmisg 3D-VIBE goriintiileri. Kemik korteksi (A
ve C’de) hipointens goriintiilendi. Buna kargin kemik iligi
(A’da) izointens goriiniimdeydi. Fleksor tendo’lar ise yine
hipointens olarak goriintiilendi (beyaz ok).

try different coils with various sequences during 3 Tesla
MRI process. However we could not obtain a satisfying
image quality with the other coils. An optimal MR image
of the carpal region was rather difficult with the routine
clinical coils which have currently been used in human
medicine (20). It was clearly seen that researchers who
are planning this kind of studies, especially suchlike
regions on laboratory animals, should prefer expedient
coils. Thus they can obtain more qualified images.

When compared with the previous MR researches,
one of the most important superiority and difference of
our study was to use of 15 channel transmit-receive
birdcage coil. With the usage of this coil in 3 Tesla MR
unit, the 3D data which is composed from isotropic
voxels smaller than 1 mm could be obtained with high
SNR. The quality and resolution of the multiplanar
images obtained from this data was notably high.
Because the all sequences that we’ve used, were
composed from submilimetric isotropic voxels. The
devices and the techniques we’ve mentioned above are
generally used in such cases that require high resolution
such as human knee pathologies (15).

In conclusion, rabbit can be an effectual animal
model to evaluate the anatomic and radiologic features
on the carpal region. Before the interventional surgical
procedures which will be performed in rabbit’s carpal
region, the visual data obtained from MR images can be
quite useful in terms of anatomy and surgery. According
to our results, isotropic 3D sequencing with high SNR in
3 Tesla MRI systems seems to be more efficient than the
other routine two-dimensional sequences in 1.5 Tesla
MRI for the assessment of carpal tunnel anatomy,
diagnosis and treatment of disorders both in humans and
in animals. Besides, this technique decreases the MRI
time and SAR values. Either 1.5 or 3 Tesla MRI, the
thing that matters is to find the most convenient coil and
more important than that is to optimize the MR
sequences.
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