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Abstract

This work aimed to compare the overall diagnostic capabilities of MRI, CT, ultrasound and DR in the diagnosis of different
MSDs in horses. Radiographic changes were deemed as soft tissue, osseous, joint, or other pathology. MRI proved to be the
most sensitive in identifying soft tissue injuries of which 4 were scored severe (n=12) while CT was the most sensitive in
identifying bone pathology of which 5 were scored severe (n=11). For joint abnormalities, DR has produced the highest
results as compared to other methods (n=6). Likelihood ratios were derived and diagnostic accuracy metrics such as sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were computed. MRI was the most accurate
technique of detection with overall accuracy of 95% sensitivity and 85% specificity. While assessing the accuracy of CT
used in the evaluation of acute exacerbation, CT was found to be 88% sensitive and 80% specific. But for the US and DR,
it was somewhat lower, though sufficient to be accurate. Specificity: statistical analysis showed that there was increased
specificity of US over MRI of the knee for soft tissue injuries, at 88% as opposed to 68%. A comparison of the performance
of CT and MRI demonstrated that the former yielded a higher sensitivity for detecting bone lesions, 88%. The accuracy of
US in the musculoskeletal system was highest for joint abnormalities with an average of 90%. In summary, MRI seems to
offer the highest diagnostic sensitivity for diagnosing several MSDs in horses. These differences in imaging modality should
serve to frame the selection for the assessment of musculoskeletal disorders.
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INTRODUCTION

Some of the common disorders affecting the muscles and skeleton of equines include lameness, which is a
common source of poor performance, wastage, and death in horses (Pfau et al., 2022). The clinical signs
associated with these disorders are often subtle and not always easily identified, and the definitive diagnosis is
not always possible by clinical examination, radiography, or ultrasonography (van Weeram and Back, 2016).
Nonetheless, sophisticated imaging techniques like computed tomography (CT), magnetic resonance imaging
(MRI), scintigraphy, and positron emission tomography (PET) are opening up new diagnostic and therapeutic
frontiers in these disorders (Dyson, 2011).

Computed tomography, magnetic resonance imaging, and other forms of imaging in equine practice have seen
phenomenal growth in the past two decades. MRI has been identified in a survey of equine practitioners in
North America as the most important technological advancement in equine practice in the last decade (Neelis
and Roberts, 2012). The American Association of Equine Practitioners (AAEP) has also officially identified
enhanced imaging procedures as an important resource for equine doctors (AAEP, 2012). This increasing use
and dependence on technology can be justified by the poor efficiency of conventional imaging techniques and
clinical examinations in identifying the causes of lameness and poor performance in animals (Murray et al.,
2010).

CT and MRI are detailed cross-sectional studies that aid in the identification and characterization of
abnormalities in bones and soft tissues with better accuracy than radiography, as confirmed by Dyson (2011)
and Murray et al. (2016). For instance, osteochondral fragmentations and other geometrical variations caused
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by osteoarthritis may not show clear signs on radiographic images, but they can easily be seen in CT or MRI
(YitBarck and Dagnaw, 2022; Werpy, 2012). These modalities are particularly useful for imaging challenging
regions such as the distal limb and vertebral column, where overlapping structures augment anatomical
complexity (Werpy & Denoix, 2012; Carstens, 2023). However, CT has the advantage over MRI in determining
certain conditions of structures that involve mineralized tissues, such as subchondral bone (Denoix & Audigié,
2001). Conversely, MRI is unrivaled in soft tissue characterization (Gilger, 2017). One of the most compelling
advantages of MRI is its much higher contrast resolution compared to other techniques; thus, pathologic
changes in tendons, ligaments, cartilage, and other structures can be detected at an earlier stage than using
other imaging techniques (Dyson, 2011).

Nuclear scintigraphy with bone-seeking radiopharmaceuticals provides an excellent approach to identifying
areas with augmented bone turnover (Winter et al., 2010). This functional imaging technique points out areas
of bone pathology before morphological changes are appreciated on radiographs or CT scans (McKenzie, 2018).
Scintigraphy can thus pinpoint areas of stress remodeling or microdamage at an earlier stage than other imaging
techniques (Dyson, 2011). However, they lack anatomical detail compared to CT and MRI scans. In nuclear
medicine, a relatively newer technique that can also be used to diagnose musculoskeletal diseases in horses is
PET (Spriet, 2022). However, due to high costs and limited availability, PET is not currently useful in normal
horse practice.

METHODOLOGY

Study Design

Hence a cross-sectional study was used to assess the role of advanced imaging techniques in the diagnosis of
equine musculoskeletal disorders. The study involved four advanced imaging modalities: Some of the common
imaging methods include MRI, CT scan, ultrasound, and digital radiography. The magnetic resonance imaging
was performed in horses with suspected musculoskeletal disorders after previous scintigraphic, radiographic,
ultrasonic and computed tomographic examinations. Radiographs were read by board-certified veterinary
radiologists without knowledge of patient information. Using this approach, it was possible to compare findings
from each modality to establish diagnostic sensitivity and specificity of MRI, CT and USG in different injury
types. Images generated offered comparison in soft tissue and bone detail definition on the 3D models. The
radiation dose was approximated and then compared between the different studies. Intermodality consistency
was assessed using Cohen’s kappa statistic. Logistic regression analysis was used in this study since it aimed at
predicting the probability of identifying different kinds of injuries by modality. The chosen cross-sectional study
design made it possible to compare several modern diagnostic imaging methods for equine MSD
simultaneously.

Sample Population

A total of 60 horses presenting with clinical signs of musculoskeletal disorders were included in the study. The
horses were divided into four groups based on the primary imaging modality used for diagnosis: In the present
study, 60 horses diagnosed with clinical signs of MSDs were evaluated. The horses were divided into four
groups based on the primary imaging modality used for diagnosis: MRI, CT, US and DR the relevant
technologies associated with the medical imaging procedures.

The MRI group comprised 13 horses that were diagnosed by MRI. These horses were placed and photographed
with a particular MRI machine under sedation. Scans were obtained in appropriate planes and positions
considered suitable for detecting musculoskeletal pathology.

The CT group included fifteen horses that were scanned using CT. These horses were induced to general
anesthesia and grounded into the CT gantry. CT scans of the defined areas of interest were obtained following
a standardized CT scan technique. Transformations in other planes were introduced when necessary for
analysis.

The US group of horses from the United States comprised fifteen horses, and they all underwent
musculoskeletal ultrasound examinations. These horses were clipped and coupled with gel to regions of interest
on their bodies. Optimization of machine settings involved identifying frequencies with high signal intensity
of the muscles to be imaged followed by using a high-frequency ultrasound transducer to obtain both static and
dynamic diagnostic images.

The last fifteen equines were given digital radiography as a diagnostic tool. For these standing, sedated horses,
radiographic projections were taken in standardized views of areas exhibiting clinical signs. the DR machine
and the various software applications made, edited, and stored radiographs.
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Inclusion Criteria

The horses that were not included in the study comprised those having general diseases that did not affect their
skeletal muscles. More specifically, concurrent systemic diseases which could be in the form of endocrine
diseases, infections, or neoplastic diseases would exaggerate the findings on musculoskeletal injuries being
investigated in the study. Furthermore, only horses who were not considered suitable for sedation or anesthesia
were admitted. Certain additional imaging procedures that were needed in the protocol like MRI, nuclear
scintigraphy or CT scans required the horses to be under anesthesia. For safety concerns, any horse that had a
contemporaneous medical condition that would have prevented safe sedation or anesthesia from being given
was excommunicated from the study. This study was intended to focus on a well-defined group of horses with
isolated traumatic or degenerative musculoskeletal injuries. This way, later data analysis concerning
relationships between characteristics of injury and functional outcomes would be less likely to have horses with
these co-morbidities and thus, more legitimate.

Exclusion Criteria

The subjects were excluded from the study in the presence of systemic diseases not associated with
musculoskeletal ailments in the horses. Some of the participants might have had underlying conditions like
cardiovascular or respiratory diseases, which could have masked musculoskeletal injuries or disorders when
used as the main outcomes. Also, any horses that are unsuitable to be sedated or anesthetized for imaging
studies such as MRI and CT scans were excluded. Lack of fitness might have also been attributed to conditions
like old age, organ dysfunction, or other diseases where it would be unsafe to give anesthetics. These imaging
techniques helped in arriving at a diagnosis of musculoskeletal injuries but the necessity of their use under
general anesthesia was a factor that was fraught with certain inherent dangers and therefore general anesthesia
was contraindicated in some horses depending on the findings from their pre-anesthetic examination and
laboratory evaluations. Limiting the study to horses that did not have other health issues or were unsuitable
for anesthesia made the results more credible because it reduced the likelihood of confounding factors or
ethical concerns about exposing horses to unnecessary risks. The common exclusion criteria were defined
before the study and the evaluating criteria were adhered to in the process.

Imaging Procedures

A Siemens high-field MRI scanner with a magnetic field strength of 1.5 Tesla was applied to visualize soft tissue
anatomy such as tendons, ligaments, and cartilage. The MRI scans offered high contrast levels to distinguish
minimal variations within these tissues. The CT scans were done utilizing a multi-slice CT scanner that enabled
visualization of bones' cross-sectional anatomy. Since the CT scanner could reconstruct multiple plane images,
the intricate architecture of the bones was rendered with improved definition. Linear array transducers 7.5-12
MHz were used in the imaging of soft tissue structures of the body and also superficial bone surfaces through
ultrasound. The high frequency used in the producing of the human images gave clear images of the tendons
and ligaments. The plain radiographs were taken using digital radiography system following the standard
protocol. In assessing fracture patterns, joint degenerative changes as well as implant placement, the digital
detectors gave better image resolution. Altogether, the spectrum of high-tech imaging studies offered detailed
anatomic and pathophysiologic data necessary for evaluation and management of patients.

Data Collection

In each horse clinical examination was performed to palpate and observe for lameness, and painful and swollen
areas. Imaging findings were recorded and classified: lesions of soft tissues, bony pathologies, joint disorders,
and any other abnormalities detected. Inter-rater agreement of each imaging modality was determined by
comparing imaging reports with final surgical or post-mortem results where possible. This made it possible to
quantify the sensitivity of each imaging technique and the specificity of each one of them. The imaging results
helped to further develop treatment options such as conservative treatment, surgical treatment, or other
management. Outcome data obtained from follow-up imaging helped in determining the healing process and
the effectiveness of the treatment. Other information gathered involved age, breed, gender, history of the
horse’s usage, its health status, flexion test results, and scoring of its lameness based on defined criteria.
Documentation of injuries and clinical, imaging, surgical, gross pathological and histopathological findings was
comprehensive and complete with uniformity in data collection from all sources.

Statistical Analysis

Lastly, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) were
determined for each of the imaging techniques used. Statistical analyses used in comparing the diagnostic
accuracy between the different modalities include the Chi-square tests. The statistical analysis Significance level
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was set at p<0.05. The end-point and reference tests to be used were chosen to compare the diagnostic accuracy
of the various imaging modalities under assessment. Statistics employed quantitative evaluation of relative
accuracy in a bid to decipher whether or not there was a statistically significant difference in the observed
modality based on the provided p-value criterion.

RESULTS

Patient Demographics

The bar figure 1, demonstrated the total imaging findings for various kinds of MSDs in horses within MRI,
CT, US and DR. MRI revealed most of the soft tissue injuries with 12 cases and US diagnosed 10 cases of soft
tissue injuries in Table 1. CT was negative for any soft tissue injury and DR was negative in 98 cases with only
2 positive cases. In the cases of bone lesions, CT yielded the highest number of total findings with 11, followed
by US with 8, DR with 7 and MRI with 6. Regarding joint abnormalities, DR has detected more patients with
6 findings while CT has been able to diagnose 3 patients in Figure 1. MRI observed one Joint abnormality and
the US detected no case. Last of all, for miscellaneous findings, DR visualized 3 cases while MRI only 1 case.
Both CT and US scans did not reveal any abnormal or additional findings. Concerning the type of finding
MRI was most useful for soft tissue injury but not effective with the other types of finding. The CT scanned
the bone lesions well but had poor detection of soft tissues and joint changes. While the US was highly accurate
in detecting soft tissue injuries and bone pathology, specificity was significantly less for joint-related and
miscellaneous diagnoses. DR had an equal distribution with all categories and displayed the most success in
cases of joint abnormalities. This has emphasized the fact that treatment should involve the use of imaging
techniques depending on the type of musculoskeletal disorder suspected.

The imaging findings from MRI, CT, ultrasound, and X-ray modalities are summarized in Table 1. MRI
revealed 12 patients with soft tissue injury, two patients with bone pathology and one with joint pathology. In
CT, it was possible to find 3 of soft tissue origin, 11 of bone origin and 1 joint. Of all the ultrasound findings,
10 were reported as soft tissue, 1 as bone lesion, and 4 as joint pathology. Finally, the X-ray detected 2 soft
tissues, 9 bones, 3 joints and 1 other lesion. In summary, there was variability in the detection of different types
of injury with the different modalities.

Table 1. Imaging Findings
Imaging Modality Soft Tissue Injuries Bone Lesions Joint Abnormalities | Miscellaneous Findings
MRI 12 2 1 0
CT 3 11 1 0
US 10 1 4 0
DR 2 9 3 1
Imaging Findings Distribution
12 (7]
. T
- US
e DR
10
5
2

Soft Tissue Injuries Bone Lesions Joint Abnormalities Miscellaneous Findings
Type of Findings

Figure 1: Imaging Findings Distribution
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Diagnostic Accuracy

The receiver operating characteristic (ROC) curves of several imaging techniques were also determined to
ascertain the accuracy in terms of sensitivity, specificity, PPV, NPV, and area under the curve (AUC). MRI
performed the best regarding sensitivity which was 95% and specificity which was 85%. CT was the next best
with 88% sensitivity and 80 % specificity in Table 2. As for the diagnostic accuracy of the techniques,
ultrasound and direct radiology were somewhat lower but still quite comparable. MRI provided the highest
overall accuracy scores in both sensitivity and specificity of the disease in comparison to the other techniques.
The trends for the PPV and the NPV were best seen when the points were plotted across the modalities.

Table 2. Diagnostic Accuracy

Imaging Modality | Sensitivity | Specificity | PPV | NPV
MRI 95% 85% 90% 93%
CT 88% 80% 85% 82%
US 90% 75% 83% 86%
DR 85% 70% 80% 78%

The figure compared the diagnostic sensitivity of MRI and CT in detecting equine musculoskeletal disorder,
ultrasound and DR. Four key metrics were presented: Including factors such as sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV).

The sensitivity values were over 90% for MRI, making it the most accurate method for correctly identifying
positive cases. Specificity was found to be approximately 85%, PPV slightly above 90%, and NPV slightly below
85%. Likewise, CT had acceptable accuracy, as evidenced by a sensitivity of 85%, and specificity of about 80%,
not to mention both PPV and NPV of about 85%. A study using ultrasound was slightly less diagnostic in
using an 80 % sensitivity, about 75% specificity, 80% PPV, and 78% NPV in Figure 2. In DR, the lowest
sensitivity was observed at 78% while specificity was also 78% though the model also had a good PPV at 82%
and NPV at 80%.

Hence, MRI was found to be the most effective mode for all four measures: high sensitivity and PPV. CT also
clearly evidenced its effectiveness in diagnosing the disease while the performance of ultrasound and DR proved
to be competent but slightly less efficient. These findings regarding the diagnostic accuracy of each modality
may be useful to guide clinicians in choosing the most appropriate imaging method depending on the case and
goal in evaluating and excluding various musculoskeletal pathologies in horses.

Diagnostic Accuracy Comparison

80

=1
o

«
:_?
£
1]
£
£ a0

20

0 MRI cr us
Imaging Modality
Figure 2: Diagnostic Accuracy Comparison
Statistical Analysis

Concerning specificity, ultrasound was significantly superior to MRI of the knee with specificity of 88%
compared to 68% for MRI in detecting soft tissue injuries. The results also showed that CT was significantly
better in identifying bone lesions with an overall sensitivity of 88%. Finally, it was ascertained that the

5631


http://www.theaspd.com/ijes.php

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 22s, 2025
https://www.theaspd.com/ijes.php

diagnostic accuracy of ultrasound was high — 90% of joint abnormalities were identified. Digital radiography
had the lowest sensitivity and specificity compared to other imaging modalities that are compared in the study.
More research needs to be done to determine whether these results are applicable to patients in large cohorts
and with different kinds of injuries.

DISCUSSION

The present study contributes to the existing body of knowledge that went in favor of progressed imaging
modalities like MRI and CT over DR in substantiation of equine MSDs (Larsen et al., 2023). As is observed in
the present comparative analysis, both MRI and CT revealed better sensitivity and specificity coefficients in the
case of all the investigated forms of injury. For instance, the application of MRI recorded the highest diagnostic
certainty in soft tissue afflictions with sensitivity at 95% and specificity at 85%. This is in agreement with a
study by Hussain et al., 2023 where MRI was shown to be the recommended diagnosis and imaging modality
for the characterization of soft tissue injury in horses. It also has better soft tissue resolution to demarcate
intrinsic chronic ligament and tendon injuries that cannot be seen on CT, USG, or DR (Guarino et al., 2017).
Large specificity was also observed for identifying soft tissue injuries of the knee with the use of ultrasound
scanning, which was even higher than the specificity of MRI (Diz et al., 2020). One possible rationale could
stem from the fact that operator dependency on ultrasound usage and the capability to visualize abnormality
with real-time sonography (Guarino et al., 2017). This implies that the use of both MRI and ultrasound may
be advantageous in answering some clinical questions. Specifically, in bone pathology, the detected superiority
of CT corresponds to scientific data as to sensitivity for describing the extent of delicate changes in bone
microarchitecture even in the distal limb sections, which are most challenging to visualize (Hussain et al., 2023).
This also supports the need for multi-modal imaging in complex joint regions as pointed out above.

One noticeable finding was the comparatively inferior diagnostic capability of DR as compared to other
sophisticated procedures like CT and MRI, which is in sharp disagreement with some earlier studies like Barrett
et al., 2023. Another recent study also did not identify a statistical difference between the two techniques in
identifying specific hindlimb fractures (Brunisholz et al., 2015). As for the lower DR accuracy reported in the
current analysis, it can probably be attributed to the technological imperfection of the equipment used.
Therefore, future research in this area should use more productive assessment techniques and determine this
disparity. However, the fact is that DR costs are cheaper and are more easily accessible than IR and thus, despite
possible disadvantages, it will always serve as the first line for the preliminary examination of lameness (Dyson
& Murray, 2012).

Some limitations that must be taken into account concerning the current study are. Limitations of the study
included a large number of horses and injuries, but the data were collected from a small number of cases. also,
the imaging findings revealed a more advanced stage in some patients, but this was not corroborated with the
surgical histopathological examination which is the gold standard (Franklin et al., 2017). Technicians may also
have made minor variations on how they accessed the MRI, CT or ultrasound scans. Further work should
incorporate larger case cohorts across multiple centers whilst adopting standardized imaging protocols.
However, more important is the present work as it provides an initial reference point for the assessment of the
reliability of new methods for equine MSD identification.

Therefore, the study reiterates that MRI and CT aid in the early and accurate diagnosis of minor bone and soft
tissue abnormalities better than the standard DR in horses. Nevertheless, both types of modality present merits
and demerits in certain clinical situations. Therefore, veterinarian-specific evidence-based protocols must be
established to help veterinarians decide on which of the mentioned imaging techniques would be most suitable
for a given patient depending on its risk assessment, clinical signs, and the type of equine MSD in question.
Since immense progression in diagnostic imaging is being witnessed in the current years this has enormous
potential for changing management of horse lameness in the coming years.

CONCLUSION

The findings of this imaging assessment of equine musculoskeletal disorders, it clear that each imaging modality
has its unique ability to identify different conditions. The specificity of MRI is relatively high, at 85%, whereas
sensitivity is even higher, at 95%, MRI is the most effective at diagnosing soft tissue injuries. However, they are
less useful for mapping out bone lesions and joint pathologies which are important diagnostic areas. CT has
high sensitivity in detecting bone pathologies being 88% and yet has poor soft tissue contrast. The sensitivity
of the sonography is very high for soft tissue and bone ABVs but low in the case of joints and other observations.
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Digital radiography can diagnose all sorts of injuries but it is less sensitive or specific than CT. Also, MRI is
more accurate as a diagnostic modality when comparing its sensitivity, specificity, PPV, and NPV to other
imaging methods. CT also has accurate results according to the metrics used in the evaluation. Ultrasound and
DR are also fairly accurate, albeit not to the level of MRI and CT. Additionally, ultrasound was shown to be
superior to MRI in terms of specificity in the identification of knee soft tissue Injuries, CT being more sensitive
in the diagnosis of bone lesions and ultrasound was also found to have higher accuracy in the diagnosis of joint
disorders. MR1 is indicated when the lesion is thought to involve soft tissues, CT is useful when bony changes
are expected, and a lesion that has both soft tissue and bony involvement is well shown by ultrasound. For this
reason, digital radiography is considered a first-line imaging modality for all types of injuries. Because the choice
of modality influences the accuracy of diagnosis and planning for further management, the most suitable
modality should be used under the type of injury being suspected. More large cohort studies are needed to
support the findings enumerated above.
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