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Simple Summary

Lesions of the superficial (SDFT) or deep (DDFT) digital flexor tendons, manica flexoria
(MF) or palmar/plantar annular ligament (PAL) within or adjacent to the digital flexor
tendon sheath (DFTS) are common causes of lameness in horses. A comprehensive di-
agnostic imaging workup is critical for accurately defining the underlying cause and
ensuring successful case management. This prospective study compared and quantified
the agreement between different imaging modalities and tenoscopy. The imaging included
radiography (RXT) and computed tomography (CTT), with contrast medium injected into
the DFTS to visualize the tendons and MF, and ultrasonography. Eighteen horses with
naturally occurring DFTS distention were evaluated. For DDFT, SDFT and MF lesions, the
highest agreement was found between CTT and tenoscopy. Agreement between imaging
modalities for the diagnosis of PAL constriction (PALco) proved to be poor, as none of
the modalities agreed on affected cases. Therefore, CTT is considered the best modality
to diagnose the lesion causing distention of the DFTS when the SDFT, DDFT or MF are
affected, showing lesions unreported both on ultrasonography and tenoscopy. Combining
RXT and ultrasonography increased the agreement with CTT compared to either modality
alone and should be considered when CTT is not available pre-surgery.

Abstract

Lesions of the tendons and manica flexoria (MF) within the digital flexor tendon sheath
(DFTS) are a common cause for lameness in horses. This prospective study compared and
quantified the agreement and disagreement of positive contrast computed tomographic
tenography (CTT), positive contrast radiographic tenography (RXT), ultrasonography
(US) and tenoscopy for diagnosing naturally occurring lesions within the DFTS, without
application of a gold standard. Lesions affecting the deep (DDFT) and/or superficial digital
flexor tendon (SDFT), and/or the MF and/or constriction of the palmar/plantar annular
ligament (PAL) were evaluated in eighteen horses with distention of the DFTS. For DDFT
lesions, comparing CTT with tenoscopy, US, and the combined results of US and RXT
(US+RXT) attained the highest agreements, with 83% matching results (k: 0.65). For SDFT
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lesions, CTT and tenoscopy showed the highest agreement with 94% matching results
(x: 0.89), followed by tenoscopy with US+RXT (78%; «: 0.56). The highest agreement for
MEF-tear detection was found comparing CTT with tenoscopy (83%; k: 0.67), followed by
CTT with RXT (78%; «: 0.56). None of the modalities agreed on positive diagnoses of
PAL constriction. CTT achieved the highest agreement with tenoscopy and US for the
diagnosis of lesions within the DDFT and is, therefore, considered the most useful modality
for preoperative evaluation.

Keywords: horse; deep digital flexor tendon; superficial digital flexor tendon; manica flexoria

1. Introduction

The equine digital flexor tendon sheath (DFTS) extends from the distal half of the
metacarpus/-tarsus to the level of the distal interphalangeal joint on the palmar/plantar
aspect of the extremity. It contains the superficial digital flexor tendon (SDFT), the deep
digital flexor tendon (DDFT), and their manicae, vinculae, and mesotenons. The proximal
manica flexoria (MF) of the SDFT surrounds the DDFT proximal to the proximal sesamoid
bones. At the level of the fetlock, the flexor tendons are held in place by the palmar/plantar
annular ligament (PAL), which inserts on the abaxial margins of the proximal sesamoid
bones. In the pastern, the palmar/plantar wall of the DFTS is reinforced by the proximal
digital annular ligament. The DFTS forms several recesses, including palmaro-/plantaro-
and dorsoproximal; collateral; and palmaro-/plantaro- and dorsodistal recesses [1].

Pathologies of structures contained within the DFTS are common and can lead to
effusion of the DFTS and lameness of varying degrees [2]. The most common causes of
non-septic tenosynovitis are marginal tears of the DDFT and the MF [2,3]. Tears of the
DDFT predominantly occur in forelimbs [4,5], specifically on the lateral border at the level
of the MF [6,7]. They are commonly found in thoroughbreds, warmbloods, and draft
horses [7,8]. Tears of the MF predominantly occur in hindlimbs and are frequently seen in
ponies and cobs [4,5,8-10]. Contradictory information regarding the location of MF tears
exists. Whereas one group of investigators observed that MF tears are most frequent on the
medial aspect [2,5,9-11], others report that MF tears more frequently occur on the lateral
aspect [12,13] or that they occur equally frequently medially and laterally [7].

Other non-infectious pathologies involving the DFTS include tendonitis of the DDFT
or SDFT [6,7,14,15] and desmitis or constriction of the PAL [16]. Injuries of the SDFT in
the pastern region are reportedly more common in forelimbs and are frequently seen in
eventers, steeplechasers, and trotters [17,18]. Again, the lateral aspect of the SDFT seems to
be more prone to injury [2]. Desmitis of the PAL can be either primary or secondary, with
primary desmitis being caused by direct or indirect trauma. Secondary desmitis of the PAL
can be caused by tendonitis of the DDFT or SDFT or by tenosynovitis of the DFTS. Both
forms of desmitis can lead to thickening of the PAL and subsequently to constriction of the
digital flexor tendons [19].

Horses with DFTS pathology can be managed either conservatively or surgically. The
decision for one or the other is complex. However, knowing what structures are involved
and the lesion severity can be important factors in this decision process, as those factors
influence the prognosis. When evaluating the return to previous levels of work among
lesions managed by tenoscopic debridement, a less favorable prognosis was reported in
horses with marginal tears of the DDFT (36.6-42%) [2,4,6] compared to horses with tears of
the MF (55.5-79%) or horses that had a PAL desmitis in addition to adhesions or synovial
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masses (72%) [9,19]. Therefore, a comprehensive preoperative diagnosis is important to
inform owners about prognosis [9,20].

Different modalities have been used to evaluate pathologies in the DFTS with reported
sensitivities and specificities, which vary between studies and depend on the affected
structure, as well as the nature of the lesion. Studies calculating the sensitivity (Se) and
specificity (Sp) require a gold-standard diagnostic modality for comparison, for which
tenoscopy is usually used. Ultrasonography (US) is the most widely used modality to assess
pathologies in the DFTS. However, it reportedly provides an underestimation of the extent
of tendinous damage [7,21], specifically for tears of the MF and the DDFT [2,4,9,10,22].
In this context, it needs to be considered that the recently described dynamic ultrasound
technique for the assessment of the DFTS was not applied in any of these studies, which
may improve recognition of MF tears [12,22,23]. In addition, US can be used for the
diagnosis of PAL desmitis [16,24].

Positive contrast radiographic tenography (RXT) has gained increasing importance in
complementing US for the diagnostic workup of DFTS pathologies in horses [3,8]. Although
RXT has a low Se for the diagnosis of DDFT tears, it has a high Se in diagnosing MF tears,
albeit a lower Sp than US for both these structures [3,4,8]. Furthermore, RXT of the DFTS
is restricted to lateromedial projections, and therefore, it is impossible to determine the
laterality of a lesion without additional imaging. Nonetheless, the combination of US and
RXT has been shown to increase the likelihood of lesion identification, particularly for MF
tears [4].

Two recent studies describe the use of positive contrast computed tomographic tenog-
raphy (CTT) of the DFTS in cadaveric specimens obtained from horses without DFTS pathol-
ogy [25,26]. Both experimental studies confirm that with CTT, the soft tissue-attenuating
structures contained within the DFTS are outlined by hyperattenuating contrast medium.
Therefore, CTT allows for detailed anatomical visualization and assessment of the contour,
shape and size of these structures [25,26]. In another experimental study performed on
cadaveric specimens, CTT allowed for the diagnosis of surgically induced SDFT and MF
lesions with a high Se and Sp and DDFT lesions with a high Sp [27]. In addition, examina-
tion of the distal limb using CTT is feasible in standing sedated horses and can contribute
valuable information regarding lesions within the DFTS [28].

Tenoscopy is still considered the most reliable technique for the diagnosis of MF
and marginal DDFT and SDFT tears within the DFTS [2,29]. With a systematic approach,
tenoscopy allows for a complete examination of the DFTS and its contents [15]. Although
tenoscopy is often set as the gold standard modality for the diagnosis of pathologies within
the DFTS [3,4,8], it is restricted to evaluating the surfaces of the anatomical structures and
not their internal integrity.

The objective of the present study is to compare and quantify the agreement between
US, RXT, CTT, and diagnostic tenoscopy for the diagnosis of pathologies of the DDFT,
SDFT, and MF within the DFTS and PAL constriction (PALco) without relying on tenoscopy
as a gold standard. We hypothesized that CTT would detect more defects than all other
tested imaging modalities for all lesions reaching the surface of the anatomical structures
contained within the DFTS and would show the highest agreement with tenoscopy.

2. Materials and Methods
2.1. Study Population and Inclusion Criteria

Horses presented to the Swiss Institute of Equine Medicine at the University of Bern,
Switzerland, between August 2016 and January 2023 for evaluation of synovial distention
of the DFTS, with or without associated lameness, were considered for inclusion in this
prospective study. To be included, the owners needed to agree that their horses underwent
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all the following imaging modalities: US, radiography, RXT, and standing CTT, as well as
DFTS tenoscopy. The full medical records of these horses were collected. The recorded
data comprised the horse’s age, breed, weight, gender, clinical findings, and findings from
the above-mentioned modalities. The recorded clinical findings included the degree of
lameness according to AAEP lameness grading [30], affected limb, grade of DFTS distention,
duration of lameness, response to flexion test, and response to intrathecal anesthesia of
the DFTS.

2.2. Diagnostic Imaging Techniques

All horses underwent the diagnostic modalities in the same order—US, radiography,
RXT, and CTT—either on the same day or US one day prior to the other imaging modalities.
In all modalities, a full evaluation of the obtained images was performed, but only infor-
mation regarding tendinopathy of the SDFT and DDFT, pathology of the MF, and PALco
was further evaluated in this study. For all modalities, all abnormal findings, including
tears, border irregularities, fibrillation, and thickening of the SDFT, DDFT and MF were
recorded as a lesion for that structure in that horse. This was independent of the number of
modalities in which the lesion was observed. Further specifications about lesion detection
are described for each modality.

On every horse, US was performed, and all radiographs and CT studies were assessed
by one of three radiologists (one board-certified and two board-eligible radiologists of the
European College of Veterinary Diagnostic Imaging), with the same radiologist assessing
all imaging studies for the same horse. The observers were neither blinded to the findings
of the clinical examination nor to the previous imaging findings. All images were reviewed
using the same imaging software (DeepUnity Diagnost, 1.2.0.1, Dedalus Healthcare, Bonn,
Germany) on radiology workstations equipped with screens designated for medical image
analysis and reported in the clinical information system.

All horses were sedated using a standardized protocol, combining detomidine hy-
drochloride (0.01 mg/kg IV) (Equisedan, Graeub Veterinary Products, Bern, Switzerland)
with butorphanol (0.01 mg/kg IV) (Morphasol-10, Graeub Veterinary Products, Bern,
Switzerland). Additional top-ups of the same combination were given if needed.

2.2.1. Ultrasonography

Ultrasonographic examination of the DFTS, and the structures contained within the
DFTS, was performed with one of three available US machines (GE Healthcare LOCIQe or
GE Healthcare LOGIQ S8, GE Medical Systems AG, Glattbrugg, Switzerland; or Siemens
ACUSON Sequoia, Siemens AG, Forchheim, Germany) and using multifrequency lin-
ear transducers (5-13 MHz, 5-8 MHz, 2-8 MHz, or 9-12 MHz). The palmar/plantar
metacarpal/-tarsal, fetlock, and pastern regions were clipped and cleaned with warm
water and soap, and ultrasound gel was applied. The affected limb was first examined
while weight-bearing, followed by static and dynamic non-weight-bearing examinations.
If considered beneficial, a stand-off pad was used. During the weight-bearing and static
non-weight-bearing examination, the SDFT, DDFT, MF, and PAL were evaluated, , while
the presence of the gliding motion of the SDFT relative to the PAL and the DDFT was
assessed during the dynamic examination. The complete US examination also included
all structures adjacent to the DFTS, and these findings were recorded (Supplementary
Table S1). However, these structures were not included in the analysis comparing the
different imaging modalities.

As previously described [12], SDFT and DDFT lesions were diagnosed when the
tendons showed an altered transverse cross-sectional appearance, when areas of re-
duced/increased echogenicity and disruption of architecture were present, or when focal
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increased vascularization was observed during Doppler examination. Lesions of the MF
were suspected in the presence of a loose and/or asymmetric appearance, heterogeneous
echogenicity, and irregular margin definition. The PAL was considered “thickened” if it
had an abnormal appearance with diffuse or focal decrease in echogenicity and loss of
fiber pattern, which was associated with a palmaro-/plantarodorsal thickness exceeding
1.6 mm in the midline or the measurement near the insertion on the proximal sesamoid
bones exceeding 5 mm, consistent with previous studies [16,19]. Attention was paid to
distinguishing the PAL from subcutaneous tissues before measuring its thickness to avoid
the common error of measuring both [21]. Constriction was diagnosed when the gliding
motion of the flexor tendons appeared to be restricted during the dynamic examination.

2.2.2. Radiography

For each horse, four standard radiographic projections of the fetlock region were
acquired: lateromedial (LM), dorsopalmar/-plantar (DPa/DPI), dorsal 45°lateral-palmaro-
/plantaromedial oblique (DL-PaMO/DL-PIMO), and dorsal 45° medial-palmaro/plantarol-
ateral oblique (DM-PaLO/DM-PILO). These four native projections were performed with a
ceiling-mounted X-ray generator (Siemens Polydoros SX 65/80, Siemens AG, Forchheim,
Germany) and a computed radiography system (Fujifilm, FCR Profect CS Plus, digitalXray
AG, Niederscherli, Switzerland). For the subsequent RXT and CTT, the sedated horse
was placed in stocks. After aseptic preparation, 40 mL of 100 mg/mL diluted non-ionic
iodinated contrast medium (300 mg/mL Iohexol (Accupaque 300, GE Healthcare, GE
Medical Systems AG, Glattbrugg, Switzerland), in a 1:2 dilution with sterile 0.9% sodium
chloride solution, was injected into the distal palmar/plantar recess of the DFTS using a
20-gauge 38 mm needle. The distal limb was flexed and extended passively to distribute
the contrast medium. A portable X-ray tube (Gierth TR 90/30, Gierth X-Ray International
GmbH, Riesa, Germany) was used in combination with a direct digital radiography system
(Fyjifilm FDR D-EVO plus C24i, digitalXray AG, Niederscherli, Switzerland) to perform a
weight-bearing LM projection centered on the fetlock.

Figure 1 shows the diagnostic algorithm and criteria used to assess the RXT, adapted
from Kent and collaborators [8], and to diagnose lesions of the DDFT, MF, and PALco. For
the evaluation of the SDFT, in particular for diagnosing lesions of the SDFT, the observers
applied criteria according to those described for DDFT lesions.

2.2.3. Computed Tomography

All horses underwent standing cone-beam computed tomography (CBCT) of the DFTS
region using one of two available CBCT units (O-arm; O-arm O2, Medtronic inc., Medtronic
AG, Miinchenbuchsee, Switzerland). In each horse, the CTT study was performed immedi-
ately following RXT, under the same sedation and without additional contrast medium
being injected. Isovolumetric images were reconstructed using a bone algorithm in a slice
thickness of 0.833 mm and analyzed using multiplanar reconstructions. Descriptions of
CTT imaging of clinically healthy fore- and hindlimbs of horses [25,26] were used as a
reference for the assessment of the CTTs. Figure 2 shows the diagnostic algorithm and
criteria used for the assessment of the CTTs to diagnose lesions of the MF, DDFT, SDFT,
and PALco.

https://doi.org/10.3390/vetscil3030268


https://doi.org/10.3390/vetsci13030268

Vet. Sci. 2026, 13, 268

6 of 24

No = only subcutaneous
contrast or poor exposure or

obliquity

|

Repetition of radiograph

Yes = lesion

Yes = lesion

Yes = lesion

Yes = constriction

<+ Is the RXT diagnostic? —>»  Yes = fully diagnostic for all
four areas
Partially = inadequate contrast distribution or poor Yes = if relevant areas
<+ exposure or artefacts hampering assessment* I sufficiently visible
<+ MF —> No =no lesion

Absence of two parallel contrast lines delineating the MF
(except distally where they taper) just proximal to PSB at
dorsal border of DDFT or
the dorsal parallel line does not extend distally to the
level of or overlie the proximal border of the PSB or
isolated area of contrast overlying the dorsal border of
DDFT at the level of the MF

< DDEFT —> No =no lesion
Irregular contour or
focal thinning of dorsopalmar /-plantar width or
line of contrast overlying the DDFT except its dorsal
border

<+ SDFT —> No =no lesion
Irregular contour or
focal thinning of dorsopalmar /-plantar width or
line of contrast overlying the SDFT

<+ PAL constriction —> No =no constriction
Abnormal shape of contrast column at level of PSB or
abnormal soft tissue contour of the palmar / plantar limb
at level of PSB

Figure 1. Flowchart for the diagnosis of a lesion of the manica flexoria (MF), deep digital flexor
tendon (DDFT) and superficial digital flexor tendon (SDFT) within the digital flexor tendon sheath
(DFTS) and palmar/plantar annular ligament (PAL) in positive contrast radiographic tenography
(RXT), adapted after Kent et. al., 2020 [8] . * RXT with subcutaneous leakage was not repeated,
but this was considered a limitation of this modality. Further abbreviations: proximal sesamoid
bone (PSB).

2.3. Tenoscopy

Diagnostic tenoscopic exploration was performed under general anesthesia using a
previously described standard protocol [15,31]. All but three horses were operated on one
to four days after the diagnostic imaging was performed. In three horses, a conservative
treatment with intrasynovial triamcinolone injection and rest was attempted after the
diagnostic imaging and diagnosis, but it did not lead to improvement of lameness. These
horses underwent surgery one (horse 3), four (horse 1), and six (horse 12) months later. All
surgeries were performed by one of five staff surgeons employed at the ISME Equine Clinic
Bern during the study period, all of whom are board-certified surgeons with the American
and/or European College of Veterinary Surgeons. The surgeons were not blinded to the
findings of the clinical examination or the imaging findings. The surgeon reported the
results of the tenoscopy in the clinical information system. Tenoscopy was performed
with the horse positioned in left or right lateral recumbency based on the findings of the
preoperative diagnostic imaging.
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No = poor quality or strong ~ 4— Is the CTT diagnostic? —> Yes = no motion and full
motion artefact or poor contrast distribution of contrast
distribution
l Partially = slight motion or incomplete contrast Yes = if relevant areas
Repetition of CTT <+ distribution* sufficiently visible
Yes = lesion < MF —> No =no lesion
Irregular contour or
loss of physiological shape or
contrast accumulation in area of attachment to SDFT or
incompletely surrounding DDFT
Yes = lesion <+ DDFT —> No =no lesion
Irregular contour or
loss of physiological shape or
contrast accumulation within tendon
Yes =lesion <+ SDFT —> No =no lesion

Yes = constriction

Irregular contour or
loss of physiological shape or
contrast accumulation within tendon

<+ PAL constriction —> No =no constriction
Abnormal shape of the contrast column at level of the
proximal sesamoid bones or
reduced dorso-palmar/-plantar thickness of DDFT and /
or SDFT

Figure 2. Flowchart for the diagnosis of a lesion of the manica flexoria (MF), deep digital flexor
tendon (DDFT) and superficial digital flexor tendon (SDFT) within the digital flexor tendon sheath
(DFTS) and palmar/plantar annular ligament (PAL) in positive contrast computed tenography. * If
mild motion was present on repeated scans, despite adequate sedation, and they were considered
diagnostic by the radiologist, no further repetitions were acquired in accordance with the ALARA
principle of radioprotection.

The standard approach through the collateral and dorsoproximal recess of the affected
side (lateral or medial) was used, with additional portals created if needed. The initial
standard scope portal was in the outpouching of the DFTS between the PAL and proximal
digital annular ligament (the collateral recess), slightly palmar/plantar to the neurovascular
bundle, and just distal to the PAL. A 4 mm 30° forward oblique arthroscope (Hopkins II,
Karl Storz AG, Anklin AG, Binningen, Switzerland) was introduced to explore the DFTS.
Lesions of the SDFT, DDFT, or MF, as well as additional lesions, were recorded. Lesions of
the flexor tendons or partial lesions of the MF were debrided using an arthroscopic shaver
(Shaver Power System II, Arthrex, Arthrex Swiss AG, Belp, Switzerland). Constriction of
the PAL was diagnosed when the operating surgeon encountered difficulties in advancing
the endoscope through the fetlock canal. In this case, or if the previous diagnostic imaging
was suggestive of PALco, a PAL desmotomy was performed under endoscopic control with
a hook knife as described [15]. In cases with total MF tears, the MF was resected following
PAL desmotomy and after creating additional portals as needed [15]. All portals were
closed in a routine manner.
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2.4. Image and Report Review

To address a possible observer bias, one board-certified radiologist (EVdV) and one
board-certified surgeon (CK) reviewed the stored images available for both tenographies
and tenoscopies. When, during this review, previously unreported lesions were observed
in RXT, CTT or tenoscopy, the results were adjusted. Thereafter, the cases where imaging
and surgical findings differed were discussed, and a consensus results table was created,
serving as a base for further statistical evaluations. As only still images or short videos
showing the observed lesions were available for multiple ultrasonographic examinations,
the results for this modality were not re-evaluated.

2.5. Statistical Analysis

For each assessed anatomical structure (DDFT, SDFT, MF, and PAL) and each of
the four modalities (US, RXT, CTT, tenoscopy), binary outcomes reflecting whether a
lesion was observed or not were recorded by the first author based on the consensus
results table, created as described in Section 2.4. Furthermore, the differentiation between
lateral and medial lesion location for the DDFT, SDFT, and MF established by US, CTT, and
tenoscopy was recorded for descriptive statistics. In addition, the proximodistal localization
(metacarpus/-tarsus versus pastern level) of tendon lesions was recorded but not included
in the statistical analysis. All data was collected in Microsoft Excel tables (Excel 2016,
Windows 11 Enterprise, Microsoft Corporation, Redmond, Washington, DC, USA), and
statistical analyses were run using the NCSS 2024 Software (NCSS, LLC, Kaysville, UT,
USA, ncss.com/software/ncss). Agreement statistics for all modalities and each lesion
localization were calculated using McNemar tests, with a significance level set to p < 0.05,
and Cohen’s Kappa statistics, including their 95% confidence intervals. The outcomes of
US and RXT were combined for additional agreement statistics in comparison to CTT and
tenoscopy. The agreement classification was adapted from Landis and Koch [32]. Kappa
values (k) less than 0.40 were defined as poor agreement, values between 0.41 and 0.60 as
moderate agreement, values between 0.61 and 0.80 as good agreement, and values greater
than 0.81 as very good to excellent agreement between the two modalities [33]. Furthermore,
the “proportions matching” and “proportions non-matching” were calculated for each
modality comparison and lesion localization. The proportions matching demonstrate to
what extent the compared modalities agreed on the diagnosis, meaning the presence and
absence of a lesion. The proportions non-matching show in which percentage of cases
the compared modalities disagreed; i.e., in one modality, a lesion was diagnosed, and in
the other, no lesion was seen. A sample size calculation was performed using the PASS
Software ( Power Analysis and Sample Size Software (2024). NCSS, LLC. Kaysville, UT,
USA, ncss.com/software/pass). A sample size of 18 subjects results in a two-sided 95%
confidence interval with a width of 0.185 if the value of k is 0.400 and the standard deviation,
SD (x), is 0.200 [34].

3. Results

Eighteen horses, ten mares and eight geldings, met the inclusion criteria. Ages ranged
from 5 to 18 years (median age: 11.5 years). Nine horses (50%) were warmbloods, three
were Franches-Montagnes horses (16.7%), and six horses (33.3%) were of other breeds (one
Standardbred, one Criollo, two Icelandic horses, one Anglo-Arabian, and one Camargue
horse). The median weight was 578 kg (range 319-711). Nine fore (50%) and nine hind
(50%) limbs were affected, with right limbs more commonly affected than left limbs (right
fore: n =7, right hind: n = 4, left fore: n = 2, and left hind: n = 5). Lameness was chronic in
all but two horses, which presented with lameness of less than two weeks’ duration. Nine
horses were lame for two months or longer. In the remaining seven horses, the duration of

https://doi.org/10.3390/vetscil3030268


https://doi.org/10.3390/vetsci13030268

Vet. Sci. 2026, 13, 268

9 of 24

lameness ranged between two weeks and two months. Lameness severity scores ranged
from 0/5 to 3/5, with twelve horses (66.7%) graded with a 3/5 lameness score, four horses
(16.7%) with a grade 2/5, and one horse each (5.6%) with a grade 1/5 or 0/5. Swelling of the
DFTS was present in all 18 horses: ten horses (55.6%) showed severe, five (27.8%) moderate,
and three (16.7%) mild distention of the DFTS. The flexion test of the affected limb was
positive in all horses. Intrathecal anesthesia was applied to twelve horses (66.7%) and was
positive in all of them. No intrathecal anesthesia was performed in three horses (16.7%), and
in the remaining three horses (16.7%), no information regarding diagnostic anesthesia was
available. All horses except three were examined using the same ultrasound system (GE
Healthcare LOGIQ S8, GE Medical Systems AG, Glattbrugg, Switzerland). In horses 1 and 3,
the GE LOCIQe (GE Healthcare LOCIQe, GE Medical Systems AG, Glattbrugg, Switzerland)
unit was used, and in horse 2, a Siemens ACUSON Sequoi (Siemens AG, Forchheim,
Germany) ultrasound system was used. The first 15 horses underwent CTT using the O-
arm (Medtronic inc., Medtronic AG, Miinchenbuchsee, Switzerland), which was replaced
by the O-arm O2 (Medtronic inc., Medtronic AG, Miinchenbuchsee, Switzerland) for the
last three horses (Horses 16-18).

All horses underwent diagnostic tenoscopy of the affected digital sheath. The duration
of general anesthesia ranged from 105 to 260 min (median 155 min). In one horse, tenoscopy
was stopped due to substantial extravasation, which impeded adequate exploration. There-
fore, diagnostic and surgical tenoscopy were repeated one month later. In two horses,
tenoscopy was converted to an open approach after complete diagnostic exploration of the
digital sheath. In one of these two horses, the surgeon elected to enlarge the scope portal
to facilitate adhesion breakdown between a large lesion of the SDFT and the sheath wall,
at the level close to the scope portal and the base of the proximal sesamoid bone. For the
other horse, it was decided to adopt an open approach to remove mineralization embedded
within the proximal edge of a thickened PAL. Desmotomy of the PAL was performed
in 15 horses (83.3%), including both horses in which the surgeon converted to an open
approach following tenoscopic exploration.

3.1. Lesion Distribution

The following lesions were diagnosed on all modalities combined: RXT, US, CTT, and
tenoscopy. A total of 15 DDFT lesions were diagnosed in 13 horses, with 12 (80%) involving
the lateral aspect of the tendon and three (20%) involving the medial aspect of the tendon.
In the metacarpal/-tarsal region, all but one DDFT lesion involved the lateral aspect of the
tendon in all modalities. Two of these medial lesions were observed in the medial lobe of
the DDFT in the pastern region on US and CTT (Figure 3), in addition to a lateral tear in
the metatarsal region. More DDFT lesions (8/13; 61.5%) were present in the forelimbs than
in the hindlimbs (5/13; 38.5%). Likewise, of the 12 horses diagnosed with SDFT lesions,
these were predominantly on the lateral aspect of the tendon (9/14; 64.9%) vs. medially in
4/14 (28.6%). Of these, two horses had both medial and lateral lesions observed within the
SDFT; one horse was diagnosed with a plantar midline lesion only. The fore- to hindlimb
distribution was even for SDFT lesions, with 6/12 (50%) present in forelimbs and 6/12
(50%) in hindlimbs. A total of 14 changes within the MF were present in 13 horses and
more frequently on the lateral aspect (11/14; 78.6%). In one horse, a lesion of the MF was
only diagnosed on RXT, and therefore, the side could not be determined. In another horse,
a lateral lesion was diagnosed with CTT, but with US and tenoscopy, a medial lesion was
diagnosed. Lesions of the MF were almost equally distributed between fore- and hindlimbs,
with 7/13 (53.6%) present in forelimbs and 6/13 (46.2%) in hindlimbs.
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Figure 3. A 3-year-old Franches-Montagnes mare (Case 12) with a longitudinal tear (arrows) in the
deep digital flexor tendon on the left hind pastern region, unobserved on tenoscopy. The lateromedial
tenograph (A); the parasagittal (B) and transverse (C) multiplanar-reconstructed cone-beam computed
tomographic tenographic (CTT) images; and the transverse ultrasonographic image (D) show this tear,
located in the medial border of the tendon at the distal aspect of the proximal phalanx. (A,B) Dorsal
= left, proximal = up; (C,D) lateral = left, plantar = up.

Supplementary Table S2 provides a more detailed overview of the lateralization of the
lesions in the different modalities.

3.2. Inter-Modality Agreement

Table 1 provides an overview of the lesion distribution for the different modalities.

Table 1. Total counts of lesions within the DFTS detected with ultrasonography (US), positive contrast
radiographic tenography (RXT), positive contrast computed tomographic tenography (CTT), and
tenoscopy in the 18 horses with distention of the digital flexor tendon sheath. Abbreviations: DDFT,
deep digital flexor tendon; SDFT, superficial flexor tendon; MF, manica flexoria; PAL, palmar/plantar
annular ligament.

Lesion

Modality DDFT SDFT MF PALco
us 10 8 9 3
RXT 3 4 1
CIT 13 10 10 0
Tenoscopy 10 9 9 4

CTT detected the highest number of lesions in the DDFT, SDFT, and MF compared to
all other modalities, closely followed by tenoscopy and US. With four cases, PALco was
most diagnosed during tenoscopy, closely followed by US in three cases.

In only one case, with an MF lesion, all the modalities (US, RXT, CTT, and tenoscopy)
agreed on the presence or absence of lesions in all structures. When RXT was excluded,
the other modalities agreed in two additional cases (3/18), one where lesions were found
within the DDFT, SDFT, and MF (Figure 4), and one with only an SDFT lesion. Regarding
the presence or absence of lesions involving structures within the DFTS (DDFT, SDFT, MF),
all modalities agreed in two cases, one of which was the MF lesion, and the other was
a case in which US and tenoscopy had diagnosed a PALco but no other lesions. When
RXT was excluded, the remaining modalities agreed in three additional cases (5/18) for
findings involving structures within the DFTS. Specifically, in two cases, lesions in the
DDFT, SDFT, and MF were diagnosed, and in one, only the SDFT was abnormal on US,
CTT, and tenoscopy. For the evaluation of the DDFT, all modalities agreed in seven cases
(Figure 5), for the SDFT in nine cases (Figure 6), and for the MF in nine cases (Figure 7), but
in none of the cases for PALco. When RXT was excluded, the assessment matched in all
modalities regarding the DDFT in 13 cases, the SDFT in 12 cases, and the MF in 13 cases,
but still none regarding the presence of PALco.
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Figure 4. An 11-year-old Dutch Warmblood mare (Case 11) with a partial proximal manica flexoria
(MF) tear (arrows) of the left forelimb, unobserved on the lateromedial tenograph (A). Two distally
tapering contrast lines delineating the MF just proximal to proximal sesamoid bones appeared
present at the dorsal border of DDFT on the lateromedial tenograph (A). However, the parasagittal
(B) multiplanar-reconstructed cone-beam computed tomographic tenographic (CTT) image showed a
mild dorsal displacement of the distal border of the MF. This displacement and an irregular lateral
border of the MF were observed in the transverse multiplanar reconstructed CTT image (C) and
seen as fibrillation on tenoscopy. On the transverse ultrasonographic image (D), a linear hypoechoic
lesion was observed in the lateral aspect of the MF. This area showed an increased vascularization on
color Doppler evaluation (E) that was not present in the medial aspect of the MF (arrowhead) (F).
(A,B) Dorsal = left, proximal = up; (C,D) lateral = left, palmar = up.

Figure 5. An 11-year-old Anglo-Arab gelding (Case 14) with a longitudinal tear (arrows) in the deep
digital flexor tendon of the right forelimb, observed in all modalities. The lateromedial tenograph (A);
the parasagittal (B) and transverse (C) multiplanar-reconstructed cone-beam computed tomographic
tenographic (CTT) images; and the transverse ultrasonographic image (D) show this tear, located
in the distal metacarpal region. The ultrasonography, CTT and tenoscopy agreed on its lateral
localisation. (A,B) Dorsal = left, proximal = up; (C,D) lateral = left, palmar = up.
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Figure 6. An 11-year-old Holstein gelding (Case 1) with a longitudinal tear (arrows) in the superficial

digital flexor tendon (SDFT) of the right forelimb, observed in all modalities. The lateromedial
tenograph (A); the transverse (B) multiplanar-reconstructed cone-beam computed tomographic
tenographic (CTT) image; and the transverse ultrasonographic image (C) show this tear, located in
the distal metacarpal region. The left side of the composed ultrasonographic image (C) shows the
lesion as two parallel hyperechoic lines with the hypoechoic center in the lateral aspect of the SDFT
using a palmarolateral approach. In comparison, the right image shows the normal medial aspect of
the SDFT (arrowhead) using a palmaromedial approach. This lateral SDFT lesion was also diagnosed
on tenoscopy. (A) Dorsal = left, proximal = up; (B,C) lateral = left, palmar = up.

W C
Figure 7. A 15-year-old Swiss Warmblood gelding (Case 17) with a proximal manica flexoria (MF)

tear (arrows) of the left hindlimb, observed in all modalities. While there is a lack of double contrast
contour dorsal to the deep digital flexor tendon on the lateromedial tenograph (A), typical for
complete MF tears, the MF is visible as a folded structure on the parasagittal (B) multiplanar-
reconstructed cone-beam computed tomographic tenographic (CTT) image. The transverse (C) CTT
image, as well as the transverse ultrasonographic image (D) and the tenoscopic examination, showed
a complete medial tear of the MF. (A,B) Dorsal = left, proximal = up; (C,D) lateral = left, plantar = up.

The three horses (horses 1, 3 and 12) with a longer interval between the diagnostic
imaging and the tenoscopic examination had seven lesions affecting the DDFT, SDFT
and/or MF observed with CTT, with only a single DDFT lesion in one horse not observed
on tenoscopy.

Agreement was calculated between all modalities for the lesion localization in the
SDFT, DDFT, and MEF, as well as for PALco. Details on the matching proportions and
the agreement statistics (McNemar and Cohen’s Kappa) between the different imaging
modalities for each defined lesion localization are presented in Table 2.
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Table 2. Agreement statistics (McNemar and Cohen’s Kappa) between different imaging modalities
for each lesion localization.

. Proportion , .
Lesion  \oupRes pvalie  QORGROR None  Qhens Ageement  Asympiotic crosw
8 Matching ppa appa
US vs. RXT 0.01 61.1% 38.9% 0.28 poor 0.15 ~0.01-0.57
US vs. CTT 0.08 83.3% 16.7% 0.65 good 0.17 0.31-0.99
US vs. Tsc 1.00 66.7% 33.3% 0.33 poor 0.22 —0.11-0.76
RXT vs. CTT 0.001 44.4% 55.6% 0.14 poor 0.09 ~0.04-0.33
DDFT RXT vs. Tsc 0.02 50.0% 50.0% 0.07 poor 0.16 ~0.24-038
CTT vs. Tsc 0.08 83.3% 16.7% 0.65 good 0.17 0.31-0.99
US+RXT vs. CTT 0.08 83.3% 16.7% 0.65 good 0.17 0.31-0.99
US+RXT vs. Tsc 1.00 66.7% 33.3% 033 poor 0.22 ~0.11-0.76
US vs. RXT 0.10 66.7% 33.3% 0.29 poor 0.21 ~0.11-0.69
US vs. CTT 0.41 66.7% 33.3% 0.34 poor 0.21 ~0.08-0.76
US vs. Tsc 0.65 72.2% 27.8% 0.44 moderate 0.21 0.03-0.86
RXT vs. CTT 0.01 66.7% 33.3% 037 poor 0.16 0.05-0.69
SDFT RXT vs. Tsc 0.03 72.2% 27.8% 0.44 moderate 0.18 0.10-0.79
CTT vs. Tsc 032 94.4% 5.6% 0.89 excellent 0.11 0.68-1.00
US+RXT vs. CTT 0.65 72.2% 27.8% 0.44 moderate 0.21 0.03-0.86
US+RXT vs. Tsc 1.00 77.8% 22.2% 0.56 moderate 0.20 0.17-0.94
US vs. RXT 0.71 61.1% 38.9% 0.22 poor 0.23 —0.23-0.67
US vs. CTT 0.65 72.2% 27.8% 0.4 moderate 0.21 0.03-0.86
US vs. Tsc 1.00 66.7% 33.3% 033 poor 0.22 ~0.10-0.77
RXT vs. CTT 032 77.8% 22.2% 0.56 moderate 0.19 0.19-0.93
MF RXT vs. Tsc 0.65 72.2% 27.8% 0.4 moderate 0.21 0.03-0.86
CTT vs. Tsc 0.56 83.3% 16.7% 0.67 good 0.18 0.32-1.00
US+RXT vs. CTT 0.32 77.8% 22.2% 0.54 moderate 0.20 0.15-0.93
US+RXT vs. Tsc 0.18 72.2% 27.8% 0.4 moderate 0.20 0.05-0.84
US vs. RXT 032 77.8% 222% ~0.09 poor 0.07 ~0.23-0.05
US vs. CTT 0.08 83.3% 16.7% N/A N/A N/A N/A
US vs. Tsc 0.56 83.3% 16.7% 0.47 moderate 0.26 —0.04-0.98
PALco RXT vs. CTT 0.32 94.4% 5.6% N/A N/A N/A N/A
RXT vs. Tsc 0.08 83.3% 16.7% 0.34 poor 0.26 ~0.02-0.85
CTT vs. Tsc 0.046 77.8% 22.2% N/A N/A N/A N/A
US+RXT vs. CTT 0.046 77.8% 22.2% N/A N/A N/A N/A
US+RXT vs. Tsc 1.00 88.9% 11.1% 0.68 good 0.21 0.27-1.00

Each row shows the comparison between two imaging modalities used to evaluate the structure mentioned in
the “Lesion” column. Reported p-values are from the results of McNemar's test. The proportion matching /non-
matching indicates where the compared modalities agreed (combined true positive and true negatives) or
disagreed, respectively. Cells with N/A indicate that the comparison between modalities could not be calculated
due to 0 counts in those combinations. Abbreviations: US, ultrasonography; RXT, positive contrast radiographic
tenography; CTT, positive contrast computed tomographic tenography; US+RXT, ultrasonography and positive
contrast radiographic tenography combined results; Tsc, tenoscopy; DDFT, deep digital flexor tendon; SDFT, su-
perficial digital flexor tendon; ME, proximal manica flexoria; PALco, palmar/plantar annular ligament constriction
N/A; not applicable; SE, standard error; CI, confidence interval.

3.2.1. Deep Digital Flexor Tendon

A significant difference was found between the diagnosis of DDFT lesions with RXT
compared to US, CTT, and tenoscopy. Regarding the assessment of the DDFT, CTT agreed
with US, US+RXT combined, and tenoscopy in 83.3% cases. These showed the highest
k of 0.65, which indicates a good agreement and was also the highest agreement for this
structure. In all other comparisons, diagnoses matched between 66.7% and 44.4%. Matching
diagnoses of 66.7% were observed for US alone or in combination with RXT and tenoscopy.
The comparison between RXT and CTT showed 50% matching diagnoses.

3.2.2. Superficial Digital Flexor Tendon

Regarding the assessment of the SDFT, a significant difference was found comparing
RXT with CTT or with tenoscopy. CTT and tenoscopy showed an excellent agreement
for this structure, reaching the highest k value (x: 0.89) and 94.4% matching diagnoses
(Figure 8). Tenoscopy compared to US or RXT showed 72.2% matching diagnoses in both
and a « of 0.44, which indicates moderate agreement. The comparisons of RXT with CTT
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and US with CTT or RXT all attained 66.7% matching for SDFT diagnoses, but k values
between 0.37 and 0.29, which indicate a poor agreement. The results of US+RXT compared
to CTT and tenoscopy indicated that diagnoses matched in 72.2% (k: 0.44) and 77.8% (k:
0.56) of cases, respectively. These indicate moderate agreement.

Figure 8. The 11-year-old Anglo-Arab gelding (Case 14) shown in Figure 5 had an additional,
smaller tear (arrowheads) in the superficial digital flexor tendon (SDFT) of the right forelimb that
was unobserved during the original ultrasonographic evaluation. A well-defined enthesophyte
(open arrow) is present on the lateral proximal sesamoid bone at the insertion of the palmar annular
ligament on the DL-PaMO projection of the fetlock (A), also seen on the lateromedial tenograph (B).
At this level and extending distally, a lesion is observed within the SDFT on both the radiographic
(B) and multiplanar-reconstructed cone-beam computed tomographic tenographic (CTT) images
(©). Upon retrospective review of a video made during the ultrasonographic examination (US) for
preparation of this paper, a small hypoechoic lesion (arrowheads) was observed in B-mode (D) and
on color Doppler ultrasonography (E). Note the presence of the immediately adjacent DDFT lesion
(arrows) visible on CTT and US, likely distracting the focus during the US examination and the reason
why this lesion was unobserved originally. (A,B) Dorsal = left, proximal = up; (C,D) lateral = left,
palmar = up.

3.2.3. Manica Flexoria

Regarding the assessment of the MF, comparing CTT and tenoscopy attained the
highest k value (0.67), indicating a good agreement and 83.3% matching diagnoses. The
comparison of CTT with RXT showed a slightly lower percentage of 77.8% matching
diagnoses and moderate agreement (k: 0.56). Moderate agreement (k: 0.44) was also found
when comparing US with CTT and RXT with tenoscopy, both of which had 72.2% of results
matching. When comparing US to tenoscopy or RXT, diagnoses matched in 66.7% and
61.1%, respectively, but this was found to be a poor agreement with « values of 0.33 and
0.22. The results of US+RXT, in comparison to CTT, yielded 77.8% matching diagnoses
and moderate agreement (k: 0.44). When US+RXT was compared with tenoscopy, good
agreement with a k of 0.67 was observed, and 83.3% of the diagnoses matched.

3.2.4. Palmar/Plantar Annular Ligament Constriction

Cohen’s Kappa coefficient could not be calculated for comparisons between CTT and
other modalities, as no cases of PALco were identified on CTT. The absence of variation in
CTT results precluded statistical agreement analysis, and therefore, a meaningful statistical
analysis was not possible. When combining all modalities, PALco was observed in only
five horses. A significant difference (p-value of 0.046) was found when comparing the
results of CTT with tenoscopy or with US+RXT, both of which had 77.8% of diagnoses
matching. CTT and RXT had 94.4% matching diagnoses, but these all were negative.
US+RXT and tenoscopy showed a good agreement (k: 0.68), with 88.9% of the PALco
diagnoses matching, including three positive cases. US alone, compared to tenoscopy,
showed moderate agreement (k: 0.47) with 83.3% of matching diagnoses, including two
positive cases. Similarly, comparing US and CTT reached a value of 83.3%; however, these
were all negative. Comparing RXT with tenoscopy or US, poor agreement was observed in
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both (k values 0.34 and —0.09), with 83.3% and 77.8% matching results and 1 or 0 positive
cases matching, respectively.

4. Discussion

This study compares and quantifies the agreement of US, RXT, standing CTT, and
tenoscopy for the diagnosis of naturally occurring DDFT, SDFT, and MF pathologies within
the DFTS and PALco. In the present study, more lesions in the DDFT, SDFT, and MF
were diagnosed by means of CTT than by US, RXT, or tenoscopy. However, CTT was not
reliable in diagnosing PALco. For each analyzed anatomical structure within the DFTS, the
inter-modality agreement between CTT and tenoscopy showed the highest results. This
supports the hypothesis that CTT diagnoses the most lesions within the DFTS and has the
highest agreement with both tenoscopy and US, but it is not useful for diagnosing PALco.

Although previous DFTS studies mostly focused on the determination of Se and Sp
for imaging modalities, the use of tenoscopy as a gold standard for the diagnosis of flexor
tendon lesions has never been established. As mentioned by Nelson and colleagues, the
results of such a comparison study should not be over-interpreted by inferring superiority
of one diagnostic method over another but should demonstrate a general comparison
between the diagnostic methods for lameness localized to the DFTS [35]. Therefore, all
comparisons were made between all diagnostic methods used in this study.

4.1. Deep Digital Flexor Tendon

Although CTT achieved good agreement with both tenoscopy and US (83.3%), it also
detected additional lesions not observed on US or tenoscopy. The three lesions unobserved
by US but seen on CTT and tenoscopy were lateral marginal or longitudinal tears. These
tears were located just distal to the proximal sesamoid bones in two horses (Cases 4 and
5). The third lesion was in an Icelandic horse (Case 9), with none of its lesions observed
ultrasonographically due to poor image quality.

In three cases, DDFT lesions unobserved during tenoscopy were seen on US and CTT.
These included two medial longitudinal tears localized in the pastern region at the distal
aspect of the proximal phalanx (Cases 7 and 12), as shown in Figure 3. Both these horses had
an additional lateral lesion of the MF and the DDFT near the MF. These additional, rather
subtle lesions in the distal pastern were overlooked on tenoscopy. Plausible explanations
are the limited maneuverability in the distal portions of the DFTS or that the operating
surgeons focused on the more severe lesions proximal to the DFTS. The third unobserved
DDFT lesion on tenoscopy was a small medial border lesion near the MF level (Case 17),
located at the injection site for the tenography, which may have gone unnoticed or been
considered iatrogenic and, therefore, not reported.

These observations explain why a poor agreement with 66.7% matching outcomes
was found when comparing US or US+RXT to tenoscopy. When applying tenoscopy as the
gold standard, other investigators have reported a wide range of Se and Sp for US, with Se
varying from 35.4 to 88% and Sp from 71 to 100% [2,4,5,27,36]. Regarding those studies,
it remains unknown if lesions were missed on tenoscopy that were correctly diagnosed
by US.

In the inter-modality agreement, all comparisons for RXT with other modalities
showed significant differences and poor agreement, with 44.4-61.6% of the outcomes
matching. In previous studies, the Se and Sp of RXT were determined using tenoscopy as a
gold standard and showed an Se ranging from 54 to 72% and an Sp from 53 to 84% [3,4,8].
Kent and colleagues found that DDFT lesions were commonly missed in RXT. This occurred
more often in cases with merely a faint contrast column outlining the tendons in the fet-
lock canal, which might be caused by an over-extended metacarpo-/metatarsophalangeal
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joint [8]. In addition, they suggested that the superimposition of the proximal sesamoid
bones over the region where DDFT lesions were likely to occur could explain the lower
Se and Sp of RXT when compared to those of the MF [8]. Superimposition, however, is
not an issue in standing CTT due to its cross-sectional nature and because the affected
limb is not bearing weight during image acquisition when using the setup described here.
This is considered the most likely explanation for the better Se and Sp for the diagnosis of
DDFEFT lesions in this modality. In our study, RXT alone showed poor agreement with all
compared modalities. The combined results of US+RXT did not lead to a better agreement
with CTT or tenoscopy than with US alone, still showing a good agreement for CTT and a
poor agreement for tenoscopy.

Our results indicate that CTT might have a greater diagnostic yield for DDFT lesions
within the DFTS compared to tenoscopy or US, as it allowed for the detection of lesions
that went unobserved in both other modalities. This indicates that a preoperative CTT will
detect the vast majority of DDFT lesions found in tenoscopy, offering detailed information
about lesion location, lesion morphology and lateralization.

4.2. Superficial Digital Flexor Tendon

In nine cases, all modalities agreed on the absence or presence of SDFT lesions. The
inter-modality agreement between CTT and tenoscopy for detecting SDFT lesions was
excellent, with 94.4% of the diagnoses matching, the highest in this study. We found
moderate agreement when comparing tenoscopy to US and RXT, with both 72.2% of the
outcomes matching. Comparing US to CTT, only 67% of matching diagnoses were found.
Five of these horses had lesions unobserved on US but seen on CTT, as well as during
tenoscopy in four cases (Cases 2, 9, 10, 12, and 14). In these four, the lesions observed
in CTT and tenoscopy were located at the level of the PSB or just distal to them, with
additional, more severe lesions in the DDFT in three and an MF lesion in the other one. The
fifth horse (Case 7) had a lesion at the distal aspect of the proximal phalanx, unobserved in
both US and tenoscopy, which had an additional DDFT lesion at the same level as well as
an MF lesion.

Cender and colleagues evaluated the ability of US to diagnose SDFT lesions, reporting
an Se of 66% and an Sp of 94%, using tenoscopy as a gold standard, which is similar to
our results [4]. However, when comparing the combined results of US+RXT to tenoscopy
and CTT, an increased, now moderate agreement was found in both, with 77.8% and 72.2%
matching results, respectively. This is because a lesion in the SDFT was observed on RXT
in two of the horses, in which lesions at the level of the PSB were not observed on US.
This suggests that the combination of US and RXT could improve the diagnosis of SDFT
lesions when CTT is not available. However, one should realize that even combining those
modalities, fewer lesions will still be observed compared to CTT or tenoscopy.

It is likely that the more complex anatomy of the SDFT in the fetlock region, with
the palmar/plantar location of the mesotenon, the dorsopalmar/-plantar flattening to
the level of and splitting of the SDFT distal to the fetlock, makes recognizing abnormal
contrast distribution on an LM RXT more difficult. The curvature of the SDFT at the level
of the PSB and the presence of the spur at the proximal aspect of the pastern make this
region challenging for US evaluation. In addition, the “satisfaction of search”, as well as
US being a dynamic technique, makes small border lesions easily overlooked or wrongly
interpreted if changes in an immediately adjacent structure are present. In addition, patient
characteristics, such as poor skin penetration of the US beam, will influence the quality of
the US examination. When revisiting the imaging during the preparation of the manuscript,
an SDFT lesion that was missed in the initial US was noted in Case 14 (Figures 5 and 8). The
lesion was not counted, given the prospective nature of the study, but this case demonstrates
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the value of good imaging documentation and re-evaluation even in US. In another case, a
focal thickening of the SDFT was observed on US, but not in any other modality (Case 10).
Arguably, this kind of lesion could easily be missed by RXT and even tenoscopy. Another
reason for the moderate performance of US may be the learning curve and experience of the
observers; in the latter cases, fewer lesions seemed to be missed when compared to other
modalities. Thus, CTT can be a valuable diagnostic tool for preoperative screening of SDFT
lesions within the DFTS, providing information on lesion lateralization and morphology.
Therefore, it may also enable better estimation of prognosis and treatment planning than
US or RXT. However, when CTT is not available, combining US+RXT may be beneficial for
evaluating the SDFT within the DFTS.

4.3. Manica Flexoria

For the assessment of MF tears, good agreement was also reported when comparing
CTT to tenoscopy findings, with 83.3% matching results. As tenoscopy is considered the
most reliable modality to detect MF lesions [29], our findings indicate that CTT is highly
reliable for the detection or exclusion of MF lesions.

For this structure, RXT showed higher agreement with CTT and tenoscopy than US,
with moderate agreement of 77.8% and 72.2%, respectively. The combined US+RXT results
did not increase this moderate agreement compared to RXT alone.

Several studies have looked closer at diagnostic reliability in detecting MF tears using
US, providing a wide range of Se values ranging from 23% to 92% but high Sp values
of 92% to 94% [2,4,9,10,22]. Recently, the benefits of performing a dynamic US exam
were reported for the diagnosis of MF tears [12,22]. In our study, limbs were examined
ultrasonographically, both static (in a weight-bearing and non-weight-bearing position)
and dynamically in a non-weight-bearing position. However, compression of the proximal
DFTS outpouchings, as described by Garcia et al., was not performed [12] and could
increase the diagnostic value of US examinations for diagnosing MF tears in the future.
In the current study, full or partial tears of the MF, as well as fibrillation of the MF, were
considered lesions. Mild irregularities of the MF, which do not include a rupture, are easily
overlooked in most imaging modalities and are arguably best diagnosed by tenoscopy, as
thickening of the synovial lining on tendons, as well as adjacent fibrillated fibers from other
damaged structures, can hamper the diagnosis of these minor MF lesions with US and CTT.

Several studies using a similar protocol for the evaluation of RXT have reported Se
values between 89% and 96% and Sp values ranging from 56% to 92%, taking tenoscopy as
the gold standard [3,4,8]. This is similar to our observations.

Two recent studies used helical CT scanners to assess the diagnostic value of cross-
sectional contrast studies of the DFTS in horses, one examining cadaveric limbs and the
other horses under general anesthesia, but both attained high diagnostic values for helical
CT [27,37]. In the case series by Shanklin and colleagues, CTT predicted the presence
or absence of all tenoscopically confirmed lesions and their lateralization correctly [37].
Afimann and colleagues reached an Se of 85% and an Sp of 96% for the diagnosis of
previously artificially induced lesions in cadaveric limbs [27]. The lack of motion artifact
in cadaveric limbs or horses under general anesthesia, and possibly the higher soft tissue
resolution of a helical CT, may have improved the diagnostic yield compared to our study.
In standing CTT, motion artifacts were previously speculated to be the most important
contributor reducing the diagnostic yield [28], having the potential to confound pathological
determination and needing diligent operators and compliant patients [38]. However, of
the three cases where CTT and tenoscopy did not agree, one horse had a small partial tear
of the MF, which was observed in US and tenoscopy but not in CTT. The other two cases
had small partial tears diagnosed with CTT and US and one additionally in RXT, but no
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MF lesions were reported in tenoscopy. In none of these three cases was the MF lesion the
only or main lesion observed. Specifically, in all modalities except RXT, most horses with
MF lesions had additional lesions in the DDFT and/or SDFT, ranging from 77.8% to 90%
of the horses. For these three modalities, 55.6% to 70% of the horses showed additional
lesions in the DDFT and SDFT, and 11.1% and 22.2% were only in the SDFT and the DDFT,
respectively. This is higher than previously reported, with Diekstall and colleagues finding
43% of horses with an MF tear having additional injuries to the SDFT [10] and Smith and
Wright reporting that 23.7% of MF tears occur in combination with the DDFT and 8.7%
with SDFT tears [2]. This difference possibly lies in a difference in reporting. As the subject
of this study was the ability to detect lesions, all observed changes were reported, including
minor fibrillation of a structure and not only those considered clinically significant.

For the standing CTT, hindlimb fetlocks were flexed during image acquisition, which
led to a proximal displacement of the MF. Although this does not appear to have influenced
the evaluation, an increased space between the SDFT and DDFT at the level of the MF was
noticed in most hindlimbs. This may give the impression of an increased laxity or partial
tear of the MF for inexperienced evaluators. On the other hand, an increased distance
between the MF and the DDFT only occurred in horses where a tear in the MF was also
observed on tenoscopy. This proximal displacement or increased space did not occur in
weight-bearing RXT, nor was it reported in previous studies.

4.4. Palmar/Plantar Annular Ligament Constriction

For the PALco, Cohen’s Kappa coefficient could not be calculated for comparisons
between CTT and the other modalities, as no cases of PALco were identified on CTT.
Additionally, the numbers for PALco diagnoses were low, with four being reported during
surgery, three in US, and one in RXT. Moderate agreement was reported when comparing
US and tenoscopy, but the latter only diagnosed one additional case, with the same three
that were observed on US. When the results of US and RXT were combined and compared to
tenoscopy, good agreement was reached. Ultrasonography may provide a better impression
as a dynamic examination, using flexion and extension of the limb in a non-weight-bearing
position, can be performed [16,39]. A study comparing it to tenoscopy as a gold standard
reported an Se of 68.9% and an Sp of 50% [36]. Even though the matching proportions of
RXT and CTT were 94.4%, this could also indicate that RXT and CTT are equally unsuitable
for the diagnosis of PALco, possibly due to their static nature. According to the results
of Kent and colleagues, RXT lacks Se and Sp to diagnose PALco [8]. In a recent study,
PALco was diagnosed by applying similar criteria to that of our study, using an atypical
distribution of contrast throughout the sheath, a lack of contrast between the SDFT and PAL
or a subjective impression of a flexor tendon constriction and/or a prominent flattening of
the palmar or plantar surface of the SDFT at the level of the fetlock canal [38]. As the PAL is
located outside the DFTS, the contrast cannot delineate its contours, and the poor contrast
resolution of the CBCT compared to helical CT also did not allow for the evaluation of PAL
thickening. However, no consensus has yet been described on how to reliably diagnose
PALco from CTT images. Likewise, tenoscopy has its limitations in reliably diagnosing
PALco, as it is heavily influenced by conformation of the distal extremity, particularly the
length of the pastern and size of the heel bulbs, the horse breed, and by the position of
the tenoscopic portal [40,41]. These influence the ease with which the rigid endoscope
passes through the fetlock canal, which is subjectively assessed by the operating surgeon to
determine the presence of PALco. Therefore, we conclude that further studies are needed
to determine specific imaging findings that allow for the reliable diagnosis of PALco using
CTT in a non-weight-bearing limb position. Clearly, the current results are unlikely to
reflect the true absence or presence of PALco.
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4.5. Modalities and Tenography Technique

Undoubtedly, scanning standing horses using a CBCT rather than a helical CT and
imaging of the fetlock region in a non-weight-bearing position made image acquisition
prone to motion artifacts. Although the latter hampered image quality in several CTT
studies and cases, repeating the CBCT imaging until image volumes of diagnostic quality
were generated resolved this problem in nearly all cases. In two cases, mild motion
remained: in one, the image interpretation was not hampered, but in the other, the motion
artifact led to a presumably erroneous diagnosis of an SDFT lesion, which was not found
in any other modality. The participating board-certified radiologists also concurred that
the cone-beam effect [40], inherent to CBCT imaging, did not negatively impact image
interpretation. Furthermore, we speculate that having the examined limb in a non-weight-
bearing position allowed for better contrast distribution, extending into lesions that reached
the intrathecal surfaces. Compared to US, CTT image quality was also less hampered by
patient factors, such as skin thickness, which can be notoriously increased in the pastern
and fetlock of certain breeds, like cob-types and draft horses [37,42]. In Case 9, an Icelandic
horse, mild to moderate thickening of the skin strongly impeded the US examination. In
this horse, lesions in the DDFT, SDFT, and MF were not seen on US but diagnosed with
CTT and tenoscopy. In two other cases (Cases 2 and 4), skin thickening was reported but
was not considered a limiting factor, yet in Case 2, an SDFT was missed in US, and in Case
4, a DDFT lesion was missed in US, but these were diagnosed in CTT and tenoscopy. This
suggests that the thickened skin may have limited the US assessment evaluation after all.

Compared to RXT, CTT allowed for the lateralization of the lesions and a better esti-
mation of the extent of damage to each structure. Therefore, it would allow for optimal
surgical planning, specifically regarding the recumbency of the horse. The value of per-
forming a preoperative CT under general anesthesia has been shown to provide clinically
valuable information in a short case series including four horses [37]. Ideally, this informa-
tion becomes available before the horse is placed under general anesthesia, avoiding the
need to reposition the horse prior to tenoscopy and an unnecessary prolongation of the
anesthesia. Our observations match those of a recent study where CTT was thought to have
the potential to combine the advantages of RXT with improved topography and lesion
characterization of cross-sectional modalities and US, especially in thick-skinned breeds
where US is often limited [38]. Yet US does have the benefit of providing a detailed image
of the fibrillar pattern and core structure of tendons, which no other modality analyzed
here can provide. The technique of performing a US examination is more user-dependent
than the acquisition and interpretation of an RXT or CTT and, therefore, could hold an
increased risk of false diagnoses. The application of Doppler US gives the benefit of seeing
increased vascularization. It should ideally be used when performing a US examination
of the non-weight-bearing limb, specifically in areas where tendon contours are unclear
or a lesion diagnosis is uncertain. To improve the diagnostic yield of US, the authors
recommend saving videos and images during the examination to allow for a retrospective
analysis, possibly in combination with the later obtained diagnostic imaging. This allowed
for the retrospective diagnosis of an SDFT lesion that had gone undetected during the initial
examination and evaluation for the study (Figure 8). Since, under field conditions, CTT,
unlike US and RXT, is usually not accessible, we added analyses combining the results of
US and RXT to determine a possible improvement of agreement. However, these combined
results only improved the agreement with CTT and tenoscopy for lesions of the SDFT. The
combination of those modalities might, therefore, help with the diagnosis of SDFT lesions
under field practice settings. For DDFT and MF lesions, the combination of US and RXT did
not lead to an improved agreement compared to only US or RXT. To achieve a more com-
plete evaluation of the structures contained within the DFTS with these modalities, both
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techniques still need to be applied. However, when the combined RXT and US observations
are compared to CTT or tenoscopy for all structures within the DFTS combined (DDFT,
SDFT and MF), matching diagnoses are only found in 44.4% and 38.9%, respectively, while
72.2% of matching diagnoses are found when CTT is compared to tenoscopy. It needs to be
considered that higher agreement between modalities, no matter the localization, does not
automatically mean the modalities are “better”; they may also miss or mis-detect the same
lesions and, therefore, agree.

Despite being used for more than a decade, no consensus has yet been found on the
ideal volume of contrast medium to be injected into the DFTS to optimize tenography
and ensure the visualization of the MF [25]. The use of volumes greater than 35 mL may
lead to leakage around the puncture site and cause discomfort to the horse [43]. Other
investigators have reported that volumes of 15-17 mL reliably achieve sufficient distention
to detect lesions [8], but it was speculated that the use of greater volumes might yield higher
Se values on CTT [27]. Amann and colleagues found that a volume of 30 mL produced
adequate DFTS distention and satisfying CTT studies in cadaveric specimens, whereas
larger volumes only produced more leakage but did not improve image quality [27]. In the
current study, a volume of 40 mL was used routinely. While this was well tolerated, it led
to mild to moderate leakage in three cases, consequently hampering the ability to interpret
RXT in one of these three cases. In two cases, a rapid drainage of contrast medium in the
lymphatic vessels was observed and should not be misinterpreted as a possible lesion.

4.6. Limitations

The main limitation of this study is the small sample size of 18 horses, an issue often
faced in clinical studies. This is highlighted by the wide Cls, which are linked to the small
sample size, possibly leading to an underestimation of the agreement between modalities.

Moreover, neither radiologists nor surgeons were blinded to the previously acquired
clinical or imaging findings for each case, which may have led to observer bias. This study
aimed to mirror a standard diagnostic workflow rather than a blinded research setting. In
such clinical settings, the radiologist and operating surgeon typically have access to the
patient’s history and the results of prior imaging modalities. In addition, having several
observers involved in a study is closer to real life, but the experience and performance of
observers may vary and, therefore, create bias. No interobserver agreement or reliability
assessment was performed for this study. Future studies with larger case numbers and/or
assessing interobserver agreement would provide valuable additional information.

Another limitation of the present study is that video loops were not systematically
recorded for either the ultrasonographic examinations or the tenoscopy, and in several
cases, only still images of documented lesions or short videos of a few examined structures
were available for review. Consequently, blinded re-evaluation of all ultrasonographic and
tenoscopic examinations was not possible. Storage of video loops of all examined structures
during ultrasonographic and tenoscopic examinations should be considered standard in
the setup of future prospective study designs, so they are available for later re-evaluation.

A longer interval between imaging and tenoscopy was present in three horses, which
could influence the agreement between modalities. However, in these horses, six of the
seven lesions identified on CTT corresponded to the same anatomical structures affected
during surgery. The single unobserved lesion on tenoscopy was a DDFT lesion in the
pastern region of one horse. Therefore, the delay in the surgery is not considered to have
influenced the agreement results in this study.

Tenoscopic findings were deliberately not set as the gold standard for the statistical
analysis of the comparison with all other modalities. While tenoscopy is reliable for diagnos-
ing superficial longitudinal tears of the flexor tendons [7], tears of the MF, and other lesions
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reaching the intrathecal surfaces within the DFTS [4], core lesions and other parenchymal
lesions are not reliably visualized [31,36]. In our study, lesions of the DDFT at the level of
the pastern were not observed in two cases during surgery since the affected area was not
accessible with the standard portals (Figure 3). By principle, contrast-medium-based imag-
ing, such as RXT and, to a lesser degree, CTT, is not more or less reliable in detecting lesions
that do not reach the intrathecal surfaces of the structures contained within the DFTS, yet
CTT can more easily detect volume changes, which may suggest intraparenchymal lesions
due to its cross-sectional nature. Although tendinous core lesions at the level of the DFTS
are rare in horses, US would be the modality of choice to diagnose such lesions. However,
none of the horses included in the present study showed a core lesion on US. Therefore, no
conclusion could be drawn concerning the reliability of diagnosing such lesions with CTT
or any of the other modalities applied. In chronic cases, extensive adhesions may form [44],
limiting tenoscopic exploration and leading to a reduced diagnostic yield.

Conversely, including all observed lesions as positive findings for that structure in
every horse, independent of the number of modalities in which a lesion was observed, may
have led to some overdiagnoses compared to the real in situ status of this structure in the
horse. However, as lesions were reported in the same structure in multiple modalities for
the vast majority of the reported changes, the number of overdiagnoses is likely small.

Finally, although magnetic resonance imaging often serves as the gold standard for the
diagnosis of tendon lesions, it was not included in this study protocol. Hence, performing
a similar study adding magnetic resonance imaging findings would be interesting, in
addition to a comparison of high- and low-field magnetic resonance imaging, specifically
for MF lesions.

5. Conclusions

The inter-modality agreement between CTT and tenoscopy reached the highest Co-
hen’s kappa and matching diagnoses for the DDFT, SDFT, and MF within the DFTS. For the
examination of the DDFT, the agreement between US and CTT, and for the MF, the agree-
ment between RXT and CTT, were high. These results indicate that CTT is the modality
of choice for preoperative lesion detection within the DFTS in standing, sedated horses,
combining some benefits of US and RXT. In combination with conventional imaging modal-
ities like US and RXT, CTT is a useful addition to enhance preoperative screening and
surgical planning.
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CBCT Cone-beam computed tomography
SE Standard error

CI Confidence interval

K Kappa

Denoix, ]. The Equine Distal Limb: An Atlas of Clinical Anatomy and Comparative Imaging, 1st ed.; Manson Publishing/The Veterinary

Press: London, UK, 2000.

Smith, M.R.W.; Wright, L M. Noninfected Tenosynovitis of the Digital Flexor Tendon Sheath: A Retrospective Analysis of 76 Cases.
Equine Vet. . 2006, 38, 134-141. [CrossRef]

https://doi.org/10.3390/vetscil3030268


https://doi.org/10.2746/042516406776563350
https://doi.org/10.3390/vetsci13030268

Vet. Sci. 2026, 13, 268 23 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fiske-Jackson, A.R.; Barker, WH.].; Eliashar, E.; Foy, K.; Smith, R K.W. The Use of Intrathecal Analgesia and Contrast Radiography
as Preoperative Diagnostic Methods for Digital Flexor Tendon Sheath Pathology. Equine Vet. . 2013, 45, 36—40. [CrossRef]
[PubMed]

Cender, A.N.; Mdhlmann, K.; Ehrle, A.; Merle, R.; Pieper, L.; Lischer, C.J. Diagnosis and Outcome Following Tenoscopic Surgery
of the Digital Flexor Tendon Sheath in German Sports and Pleasure Horses. Equine Vet. J. 2023, 55, 48-58. [CrossRef] [PubMed]
Kohlbrandt, J.; Pokar, J.; Sill, V.; Geburek, F.; Gerlach, K. Vergleich sonographischer und endoskopischer Befunde bei aseptischen
Erkrankungen der gemeinsamen Fesselbeugesehnenscheide von Pferden unter besonderer Berticksichtigung von Schaden der
tiefen Beugesehne und der proximalen Manica flexoria der oberflachlichen Beugesehne. Pferdeheilkunde—Equine Med. 2022, 38,
142-153. [CrossRef]

Wilderjans, H.; Boussauw, B.; Madder, K.; Simon, O. Tenosynovitis of the Digital Flexor Tendon Sheath and Annular Ligament
Constriction Syndrome Caused by Longitudinal Tears in the Deep Digital Flexor Tendon: A Clinical and Surgical Report of 17
Cases in Warmblood Horses. Equine Vet. J. 2003, 35, 270-275. [CrossRef] [PubMed]

Arensburg, L.; Wilderjans, H.; Simon, O.; Dewulf, J.; Boussauw, B. Nonseptic Tenosynovitis of the Digital Flexor Tendon Sheath
Caused by Longitudinal Tears in the Digital Flexor Tendons: A Retrospective Study of 135 Tenoscopic Procedures. Equine Vet. ].
2011, 43, 660-668. [CrossRef]

Kent, A.V.; Chesworth, M.].; Wells, G.; Gerdes, C.; Bladon, B.M.; Smith, R K.W.; Fiske-Jackson, A.R. Improved Diagnostic Criteria
for Digital Flexor Tendon Sheath Pathology Using Contrast Tenography. Equine Vet. J. 2020, 52, 205-212. [CrossRef]

Findley, J.A.; De Oliveira, F.; Bladon, B. Tenoscopic Surgical Treatment of Tears of the Manica Flexoria in 53 Horses. Vet. Surg.
2012, 41, 924-930. [CrossRef]

Diekstall, M.; Rijkenhuizen, A.B.M.; Gudehus, T. Tenoscopic Resection of the Manica Flexoria in 21 Horses Using a Two-Portal
Unilateral Technique. Equine Vet. Educ. 2020, 32, 66-71. [CrossRef]

Hibner-Szaltys, M.; Cavallier, F.; Cantatore, F.; Withers, ]. M.; Marcatili, M. Ultrasonography Can Be Used to Predict the Location
of Manica Flexoria Tears in Horses. Equine Vet. Educ. 2022, 35, 200-207. [CrossRef]

Garcia da Fonseca, R.M.; Evrard, L.; Rabba, S.; Salciccia, A.; Busoni, V. Dynamic Flexion/Extension and Non-Weight Bearing
Ultrasonography Is Helpful for Identifying Manica Flexoria Tears in Horses. Vet. Radiol. Ultrasound 2019, 60, 65-74. [CrossRef]
Wright, LM.; McMahon, PJ. Tenosynovitis Associated with Longitudinal Tears of the Digital Flexor Tendons in Horses: A Report
of 20 Cases. Equine Vet. J. 1999, 31, 12-18. [CrossRef]

Barr, A.R.S.; Dyson, S.J.; Barr, EJ.; O’Brien, ].K. Tendonitis of the Deep Digital Flexor Tendon in the Distal Metacarpal/Metatarsal
Region Associated with Tenosynovitis of the Digital Sheath in the Horse. Equine Vet. J. 1995, 27, 348-355. [CrossRef] [PubMed]
Mcllwraith, C.W.; Nixon, A.J.; Wright, LM. Tenoscopy. In Diagnostic and Surgical Arthroscopy in the Horse; Elsevier: Amsterdam,
The Netherlands, 2015; pp. 344-386. [CrossRef]

Dik, K.J.; van den Belt, A.].M.; Keg, P.R. Ultrasonographic Evaluation of Fetlock Annular Ligament Constriction in the Horse.
Equine Vet. ]. 1991, 23, 285-288. [CrossRef] [PubMed]

Denoix, J.; Crevier, N.; Azevedo, C. Ultrasound Examination of the Pastern in Horses. In Proceedings of the Annual Convention
of the American Association of Equine Practitioners, San Francisco, CA, USA, 1-4 December 1991; pp. 363-380.

Dyson, S.J.; Denoix, ].-M. Tendon, Tendon Sheath, and Ligament Injuries in the Pastern. Vet. Clin. N. Am. Equine Pract. 1995, 11,
217-233. [CrossRef]

Schramme, M.C.; Smith, RK.W. Diseases of the Digital Synovial Sheath, Palmar Annular Ligament, and Digital Annular
Ligaments. In Diagnosis and Management of Lameness in the Horse; Elsevier Inc.: St. Louis, MO, USA, 2003; pp. 674-684. [CrossRef]
Fortier, L.A.; Nixon, A.J.; Ducharme, N.G.; Mohammed, H.O.; Yeager, A. Tenoscopic Examination and Proximal Annular Ligament
Desmotomy for Treatment of Equine “Complex” Digital Sheath Tenosynovitis. Vet. Surg. 1999, 28, 429-435. [CrossRef] [PubMed]
Fortier, L.A. Indications and Techniques for Tenoscopic Surgery of the Digital Flexor Tendon Sheath. Equine Vet. Educ. 2005, 17,
218-224. [CrossRef]

Marcatili, M.; Cantatore, F.; Hibner-Szaltys, M.; Withers, J. Static, Dynamic and Non-Weightbearing Ultrasound Evaluation of the
Digital Flexor Tendon Sheath Improves Sensitivity and Specificity of Manica Flexoria Tears Diagnosis in Cobs and Ponies. Equine
Vet. Educ. 2023, 60, 65-74. [CrossRef]

DiGiovanni, D.L.; Rademacher, N.; Riggs, L.M.; Baumruck, R.A.; Gaschen, L. Dynamic Sonography of the Equine
Metacarpo(Tarso)Phalangeal Digital Flexor Tendon Sheath. Vet. Radiol. Ultrasound 2016, 57, 621-629. [CrossRef]

Dik, K.J.; Dyson, S.J.; Vail, T.B. Aseptic Tenosynovitis of the Digital Flexor Tendon Sheath, Fetlock and Pastern Annular Ligament
Constriction. Vet. Clin. N. Am. Equine Pract. 1995, 11, 151-162. [CrossRef]

Agass, R.; Dixon, J.; Fraser, B. Computed Tomographic Contrast Tenography of the Digital Flexor Tendon Sheath of the Equine
Hindlimb. Vet. Radiol. Ultrasound 2018, 59, 279-288. [CrossRef] [PubMed]

Lacitignola, L.; De Luca, P.; Guarracino, A.; Crovace, A. Computed Tomographic Tenography of Normal Equine Digital Flexor
Tendon Sheath: An Ex Vivo Study. Vet. Med. Int. 2015, 2015, 903169. [CrossRef]

https://doi.org/10.3390/vetscil3030268


https://doi.org/10.1111/j.2042-3306.2012.00573.x
https://www.ncbi.nlm.nih.gov/pubmed/22563706
https://doi.org/10.1111/evj.13856
https://www.ncbi.nlm.nih.gov/pubmed/35822486
https://doi.org/10.21836/PEM20220206
https://doi.org/10.2746/042516403776148183
https://www.ncbi.nlm.nih.gov/pubmed/12755430
https://doi.org/10.1111/j.2042-3306.2010.00341.x
https://doi.org/10.1111/evj.13166
https://doi.org/10.1111/j.1532-950X.2012.01044.x
https://doi.org/10.1111/eve.13164
https://doi.org/10.1111/eve.13687
https://doi.org/10.1111/vru.12675
https://doi.org/10.1111/j.2042-3306.1999.tb03785.x
https://doi.org/10.1111/j.2042-3306.1995.tb04069.x
https://www.ncbi.nlm.nih.gov/pubmed/8654349
https://doi.org/10.1016/b978-0-7234-3693-5.00012-6
https://doi.org/10.1111/j.2042-3306.1991.tb03719.x
https://www.ncbi.nlm.nih.gov/pubmed/1915229
https://doi.org/10.1016/s0749-0739(17)30320-6
https://doi.org/10.1016/B978-0-7216-8342-3.50082-6
https://doi.org/10.1111/j.1532-950X.1999.00429.x
https://www.ncbi.nlm.nih.gov/pubmed/10582739
https://doi.org/10.1111/j.2042-3292.2005.tb00376.x
https://doi.org/10.1111/eve.13859
https://doi.org/10.1111/vru.12405
https://doi.org/10.1016/S0749-0739(17)30317-6
https://doi.org/10.1111/vru.12586
https://www.ncbi.nlm.nih.gov/pubmed/29274126
https://doi.org/10.1155/2015/903169
https://doi.org/10.3390/vetsci13030268

Vet. Sci. 2026, 13, 268 24 of 24

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Afimann, A.D.; Ohlerth, S.; Torgerson, P.R.; Bischofberger, A.S. Sensitivity and Specificity of 3 Tesla Magnetic Resonance Imaging
and Multidetector Computed Tomographic Tenography to Identify Artificially Induced Soft Tissue Lesions in the Equine
Cadaveric Digital Flexor Tendon Sheath. Equine Vet. Educ. 2023, 35, 507-516. [CrossRef]

Pauwels, FE.; Van der Vekens, E.; Christan, Y.; Koch, C.; Schweizer, D. Feasibility, Indications, and Radiographically Confirmed
Diagnoses of Standing Extremity Cone Beam Computed Tomography in the Horse. Vet. Surg. 2021, 50, 365-374. [CrossRef]
Bacon, R.L.; Jones, R. Which Is the Best Imaging Modality to Diagnose a Manica Flexoria Tear? Equine Vet. Educ. 2024, 36, 638-645.
[CrossRef]

American Association of Equine Practitioners. Guide to Veterinary Services for Horse Shows, 7th ed.; American Association of Equine
Practitioners: Lexington, KY, USA, 1999.

Nixon, A.J. Endoscopy of the Digital Flexor Tendon Sheath in Horses. Vet. Surg. 1990, 19, 266-271. [CrossRef] [PubMed]
Landis, ].R.; Koch, G.G. The Measurement of Observer Agreement for Categorial Data. Biometrics 1977, 33, 159-174. [CrossRef]
[PubMed]

NCSS Statistical Software. NCSS Statistical Software 501-1 Contingency Tables (Crosstabs/Chi-Square Test). Avail-
able online: https://www.ncss.com/wp-content/themes/ncss/pdf/Procedures/NCSS/Contingency_Tables-Crosstabs-Chi-
Square_Test.pdf (accessed on 4 January 2025).

Flack, V.E; Afifi, A.A.; Lachenbruch, P.A.; Schouten, H.J.A. Sample Size Determinations For The Two Rater Kappa Statistic.
Psychometrika 1988, 53, 321-325. [CrossRef]

Nelson, B.B.; Kawcak, C.E.; Goodrich, L.R.; Werpy, N.M.; Valdés-Martinez, A.; Mcllwraith, C.W. Comparison between Computed
Tomographic Arthrography, Radiography, Ultrasonography, and Arhtroscopy for the Diagnosis of Femorotibial Joint Disease in
Western Performance Horses. Vet. Radiol. Ultrasound 2016, 57, 387-402. [CrossRef] [PubMed]

Edinger, J.; Mobius, G.; Ferguson, ]. Comparison of Tenoscopic and Ultrasonographic Methods of Examination of the Digital
Flexor Tendon Sheath in Horses. Vet. Comp. Orthop. Traumatol. 2005, 18, 209-223. [CrossRef]

Shanklin, A.J.; Baldwin, C.M.; Ellesmere, L.; Stack, ].D. Computed Tomographic Contrast Tenography Aids Pre-Operative
Diagnosis in Clinical Conditions of the Digital Flexor Tendon Sheath. Equine Vet. Educ. 2024, 36, 197205. [CrossRef]

Fletcher, O.; Agass, R.; Dixon, J. Standing Cone-beam Computed Tomographic Digital Flexor Tendon Sheath Contrast Tenography
in 18 Horses. Equine Vet. Educ. 2025, 59, 279-288. [CrossRef]

Dik, K.J.; Boroffka, S.; Stolk, P. Ultrasonographic Assessment of the Proximal Digital Annular Ligament in the Equine Forelimb.
Equine Vet. ]. 1994, 26, 59-64. [CrossRef]

Stewart, H.L.; Siewerdsen, ].H.; Nelson, B.B.; Kawcak, C.E. Use of Cone-Beam Computed Tomography for Advanced Imaging of
the Equine Patient. Equine Vet. J. 2021, 53, 872-885. [CrossRef]

White, ] M.; Hibner-Szaltys, M.; Duz, M.; Withers, ].M.; Marcatili, M. Effect of Breed, Obturator Type and Surgical Experience on
Tenoscopic Portal Creation into the Digital Flexor Tendon Sheath in Horses. Vet. Surg. 2024, 53, 1399-1411. [CrossRef]

Owen, K.R.; Dyson, S.J.; Parkin, T.D.H.; Singer, E.R.; Kristoffersen, M.; Mair, T.S. Retrospective Study of Palmar/Plantar Annular
Ligament Injury in 71 Horses: 2001-2006. Equine Vet. ]. 2008, 40, 237-244. [CrossRef]

Daniel, A.J.; Leise, B.S.; Selberg, K.T.; Barrett, M.F. Enhanced Ultrasonographic Imaging of the Equine Distal Limb Using Saline
Injection of the Digital Flexor Tendon Sheath: A Cadaver Study. Vet. J. 2019, 247, 26-31. [CrossRef]

Hago, B.E.D.; Vaughan, L.C. Use of Contrast Radiography in the Investigation of Tenosynovitis and Bursitis in Horses. Equine Vet.
J. 1986, 18, 375-382. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vetscil3030268


https://doi.org/10.1111/eve.13751
https://doi.org/10.1111/vsu.13560
https://doi.org/10.1111/eve.14049
https://doi.org/10.1111/j.1532-950X.1990.tb01182.x
https://www.ncbi.nlm.nih.gov/pubmed/2382395
https://doi.org/10.2307/2529310
https://www.ncbi.nlm.nih.gov/pubmed/843571
https://www.ncss.com/wp-content/themes/ncss/pdf/Procedures/NCSS/Contingency_Tables-Crosstabs-Chi-Square_Test.pdf
https://www.ncss.com/wp-content/themes/ncss/pdf/Procedures/NCSS/Contingency_Tables-Crosstabs-Chi-Square_Test.pdf
https://doi.org/10.1007/BF02294215
https://doi.org/10.1111/vru.12366
https://www.ncbi.nlm.nih.gov/pubmed/27170533
https://doi.org/10.1055/s-0038-1632957
https://doi.org/10.1111/eve.13928
https://doi.org/10.1111/eve.14141
https://doi.org/10.1111/j.2042-3306.1994.tb04333.x
https://doi.org/10.1111/evj.13473
https://doi.org/10.1111/vsu.14158
https://doi.org/10.2746/042516408X271217
https://doi.org/10.1016/j.tvjl.2019.02.007
https://doi.org/10.1111/j.2042-3306.1986.tb03658.x
https://www.ncbi.nlm.nih.gov/pubmed/3769883
https://doi.org/10.3390/vetsci13030268

	Introduction 
	Materials and Methods 
	Study Population and Inclusion Criteria 
	Diagnostic Imaging Techniques 
	Ultrasonography 
	Radiography 
	Computed Tomography 

	Tenoscopy 
	Image and Report Review 
	Statistical Analysis 

	Results 
	Lesion Distribution 
	Inter-Modality Agreement 
	Deep Digital Flexor Tendon 
	Superficial Digital Flexor Tendon 
	Manica Flexoria 
	Palmar/Plantar Annular Ligament Constriction 


	Discussion 
	Deep Digital Flexor Tendon 
	Superficial Digital Flexor Tendon 
	Manica Flexoria 
	Palmar/Plantar Annular Ligament Constriction 
	Modalities and Tenography Technique 
	Limitations 

	Conclusions 
	References

