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The present study was aimed to describe the ultrasonographic
appearance of the normal flexor tendons and suspensory
ligament in the metacarpal/metatarsal region of the dromedary
camel and its correlation with the gross anatomy to provide a
standard reference for them. The study was carried out on 10
cadaver limbs of both fore and hind limbs from freshly slaughter
mature camels. Ultrasonographic imaging was performed
using 5-7 MHz linear transducer both longitudinally (along
the whole length) and transversely at three levels. After
imaging, 6 specimens were dissected and the gross anatomy
of the flexor tendons and suspensory ligament was described.
Echogenicity, diameter and width of the superficial digital
flexor tendon (SDFT), deep digital flexor tendon (DDFT) and
suspensory ligament (SL) were evaluated and discussed.
Key words: Camel, Ligament, Metacarpus, Metatarsus,
Tendon, Ultrasonography.

Camels play an important socio-economic role
within the pastoral and agricultural system

in dry and semi dry zones of Asia and Africa.
Increased contribution of camels to the human
welfare of developing countries has arisen the issues
of camel management and medical care (Iqbal, 1999;
Ahmad et al., 2010). Camelids share some
orthopaedic conditions such as traumatic injuries,
flexural contracture, tendon rupture and tendinitis
with cattle and horses (Singh and Gahlot, 1997;
Kassab, 2008; Hagag et al., 2013).

Diagnostic ultrasound is considered the most
cost effective imaging modality for evaluation of
soft tissue injuries (Rantanen, 1995).
Ultrasonography of the metacarpal/metatarsal
region is widely used in large animal practice to
study the echogenicity, diameter, width and cross
sectional area of the flexor tendons and suspensory
ligament in different breeds of horses (Vosough et
al., 2007; Avella et al., 2009) and cattle (Tryon and
Clark, 1999; Kofler, 2009).

The present study was aimed to describe the
ultrasonographic appearance of the normal flexor
tendons and suspensory ligament in the

metacarpal/metatarsal region of the dromedary
camel and its correlation with the gross anatomy
to be applied as a reference aid for evaluation of the
pathology of these structures.

Materials and Methods
Ten cadaver limbs (five fore and five hind limbs)

obtained from adult males one-humped camel (5-7
yr old) were included in this study. Camels were
proved free from limb musculoskeletal
abnormalities. After slaughter, the limbs were
disarticulated at the carpal/tarsal joint and imaged
with ultrasound within 4 hr. For ultrasound
imaging, the palmar/planter metacarpal/
metatarsal region from the carpal/tarsal joint to
the fetlock was clipped, shaved and cleaned with
water. Acoustic coupling gel was applied.
Sonographic imaging was performed using 5-7
MHz linear transducer both longitudinally (along
the whole length) and transversely at three levels:
level A, 10 cm below the carpal/tarsal joint; level B,
below A by 10 cm and level C, below B by 10 cm.

After imaging, 6 limbs (3 fore limb and 3 hind
limbs) were dissected and the gross anatomy of the
flexor tendons and suspensory ligament was
described, in addition to measurement of the dorso-
palmar diameter and latero-medial width for each
at the levels A, B and C.

Results and Discussion
By assessing the ultrasonographic images (Figs.

1-4) from the longitudinal and transverse views,
the flexor tendons and suspensory ligament
appeared homogenously echogenic as previously
reported in camel (Soroori et al., 2011), cattle (Kofler,
2009) and horse (Avella et al., 2009).

The echogenicity of SDFT ranged between slight
hypoechoic and medium echoic. On longitudinal
view and along the whole length, the SDFT showed



a long linear fiber pattern that appeared as closely
packed coarse echogenic eventually distributed
linear structures. Paratendon appeared as a hyper-
attenuated structure and well distinguished from
the tendon fibers by its increased echogenicity as
noticed in horses (Farrow, 2006; Vosough et al., 2007)
and cattle (Tryon and Clark, 1999; Kofler, 2009). On
the transverse view, at all levels, SDFT appeared
hypo to medium echogenic and more or less crescent
shaped, wider than DDFT and embraced it in either
sides and the fibers appeared as a hyperechoic dots
distributed more or less evenly within a hypoechoic
matrix of the tendon.

The echogenicity of DDFT was more than that
of SDFT at all imaging levels. SDFT paratendon
appeared hyperechoic distinguishing the DDFT
from SDFT proximally and SL distally. The
longitudinal view showed the tendon fibers as
hyperechoic parallel lines more or less regularly
arranged. On the transverse images, the DDFT at
all levels was clearly defined, oval, with pin-point
white echoes representing the tendon fibers.
Previous researchers (Tryon and Clark, 1999;
Farrow, 2006) denoted this sonographic appearance
in their studies on the tendons and ligaments of
other animals.

Unlike other studies in horse (Avella et al., 2009),
cattle (Kofler, 2009) and camel (Soroori et al., 2011),
in the present study it was clear that the SL was
more echogenic than both SDFT and DDFT. On
longitudinal view, SL appeared as a homogenous
echogenic structure showing a parallel fiber pattern
represented by longitudinal white echoes. On
transverse view, the fiber pattern appeared as a

Figs. (1) Transverse ultrasonographic image in the plantar aspect of the metatarsus at level A. Note that Superficial
digital flexor tendon (SDFT) is wider than Deep digital flexor tendon (DDFT), DDFT is oval and Suspensory
ligament (SL) is comma- shaped. (2) Longitudinal ultrasonographic image in the plantar aspect of the
metatarsus at level B. Note that echogenicity of suspensory ligament (SL) is more than superficial digital
flexor tendon (SDFT) and deep digital flexor tendon (DDFT). (3) Transverse ultrasonographic image in the
palmar aspect of the metacarpus at level B. Notice that superficial digital flexor tendon (SDFT) is wider than
deep digital flexor tendon (DDFT), DDFT is oval and suspensory ligament (SL) is comma- shaped. BS: bone
surface. (4) Longitudinal ultrasonographic image in the palmar aspect of the metacarpus at level B. Note
that echogenicity of suspensory ligament (SL) is more than superficial digital flexor tendon (SDFT) and
deep digital flexor tendon (DDFT). BS: bone surface.
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Fig. 6: Cross section of the flexor tendons and
suspensory ligament at level A. SDFT:
superficial digital flexor tendon, DDFT: deep
digital flexor tendon, SL: suspensory ligament,
and MC: metacarpal bones.

Fig. 5: The gross appearance of the flexor tendons
and suspensory ligament at level A. SDFT:
superficial digital flexor tendon, DDFT: deep
digital flexor tendon, SL: suspensory ligament,
and MC: metacarpal bones.
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uniformly distributed pin-point white echoes. The
increased echogenicity of the SL than flexor tendons
may be attributed to the nature and environment
of the work of these animals. Also the anatomical
feature in the distal limb of camel has the presence
of hoof pad instead of hoof/claw. Bone surface
appeared as hyperechoic reflection beneath the
suspensory ligament as reported earlier (Hagag et
al., 2013).

On gross anatomy (Figs. 5 and 6), the SDFT
appeared as a white thin sheet-like structure located
just below the subcutaneous tissues. It was
bifurcated at the level of junction of the distal third
and proximal two thirds of the metacarpal/
metatarsal region. It appeared crescent shaped
extending beyond the DDFT medially and laterally.
The DDFT appeared as a well-defined oval cord-
like glistening structure. It was bifurcated just
distal to the level of bifurcation of SDFT, at the
junction of distal fourth and proximal three fourth
of the metacarpal/metatarsal region. The SL was a
comma shaped fibrous band closely adhered to the
metacarpal/ metatarsal bones. It was bifurcated
clearly just distal to the level of bifurcation of DDFT.

The mean length of the metacarpus was 40 cm
and of the metatarsus was 41 cm. The dorso-palmar
diameter and latero-medial width the of flexor
tendons and suspensory ligament in metacarpal/
metatarsal region (Tables 1 and 2) illustrated that
the thickness and width of SDFT were the lowest in
the middle of the metacarpus/ metatarsus (level B),
as also reported in horse (Farrow, 2006). Farrow
(2006) found that the weakest and narrowest part
of SDFT is the middle third; and opined that this
was due to poor blood supply to this region as
compared to the thicker upper and lower thirds
which receive more blood supply from carpus and
fetlock, respectively.

It is known that the presence of basic reference
data is essential for identifying disorders in animal
body tissues. Nowadays, SONAR (Sound
Navigation and Ranging) is considered as an
excellent complementary diagnostic tool to
radiography for determination of the structures of
the body soft tissues (Kofler, 2009). In the present
study, ultrasonography was used along with gross
anatomy to find out the normal sonographic
features of the flexor tendons and suspensory
ligament in the metacarpal/ metatarsal region of
one-humped camels, which are the lowest
scientifically studied animal (Iqbal, 1999).

The safety and practical utility of
ultrasonography has made it a reliable diagnostic

tool than other methods. Several studies have
proved the correctness of the ultrasonographic
inspections of the tendons and ligaments by
comparing them with necropsy findings (Smith et
al., 1994; Abu-Seida, 2012). Additionally there is a
meaningful relation between the histological and
ultrasonographical findings during healing process,
which makes ultrasonography as a safe and effective
method not only in the evaluation of tendon and
ligament structures, but also in assessing the
healing process (Dowling et al., 2000; Van Schie et
al., 2000).

The present study describes the normal
ultrasonography of the flexor tendons and
suspensory ligament in the metacarpal/metatarsal
region of the one humped camel, which may serve
as basic reference data for investigation of diseases
in this region.
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Thesis Abstract
Comparative 2D and 3D ultrasonographic study of stomach and spleen in dogs
Scholar: Madan Pal, MVSc, 2014; Advisor: Dr. Prem Singh, LLR University of Veterinary and Animal Sciences,
Hisar-125004 (Haryana)

Ultrasonography of the stomach and spleen was performed in apparently healthy mixed mongrel breed pups
(n=6). First scanning was done on the 15th day of age and at 15 days’ interval till the two months of age and then at
an interval of one month till 8 months of age. Also the pathological conditions of stomach and spleen were imaged
by ultrasonography (n=21). The lumen of stomach was anechoic, solid food was hyperechoic, semisolid food was
hypoechoic and the wall of the stomach was hyperechoic throughout the study. At the 45th day of age, there was
appearance of gastric folds. At the age of 240th day fully developed stomach was observed with distinct gastric wall,
gastric folds and hyperechoic gastric contents mixed in anechoic lumen of the stomach. At the age of 240th day a
distinct shadow of full sized spleen was observed. In case of uremic gastropathy the wall of stomach was thick and
hyperechoic and gastric folds were also hyperechoic indicative of gastritis. In 2nd, 3rd and 4thcase of gastritis the wall
of the stomach was thick and hyperechoic. In 5thand 6thcase of gastritis, inflammatory response due to ingestion of
polythene and sand led to gastritis, and ultrasonographically the wall of the stomach was thick and hyperechoic. In
case of gastric ulcer, there was disruption of mucosal layer and thickening of gastric wall. In cases of gastric
dilatation, anechoic shadow of the fluid was seen in stomach area, boundary of the stomach was not clear and the
increase in the size of the lumen observed. In case of foreign body, the wall of the stomach was thick and hyperechoic.
In the middle of the stomach, multiple hyperechoic shadows of the foreign bodies i.e. leather and bunch of straw of
grass were observed. In case of pyloric stenosis, anechoic lumen of the pylorus surrounded by the hypoechoic
thickened muscle was seen. In all six cases of splenomegaly sometimes increased or decreased in echogenecity
of splenic parenchyma was seen. In first case of splenomegaly in ascitic case, the spleen was large in size and
hypoechoic. The splenic parenchyma was dense with echogenic striations. In second case, anechoic abdominal
fluid was present. The whole of parenchyma of spleen was hyperechoic. In third case splenic capsule was
hyperechoic and clearly visible. The parenchyma of spleen appeared hypoechoic. The appearance of clinical
conditions of stomach such as gastritis, pyloric stenosis and splenomegaly were satisfactorily diagnosed by 3-D
ultrasonography than 2-D ultrasonography. The conditions of gastric foreign body and gastric dilatation were
satisfactorily diagnosed by 2-D ultrasonography.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




