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Ultrasonographic evaluation of tendon injuries in hand
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ABSTRACT

BACKGROUND: Hand injuries, particularly tendon injuries, are a common reason for emergency department visits and may sig-
nificantly impact daily functioning. Traditional diagnostic approaches may fail to detect partial tendon injuries, highlighting the need for
alternative imaging techniques. Ultrasonography (USG) has emerged as a rapid, non-invasive, and effective diagnostic tool for tendon
injuries, particularly in emergency settings where magnetic resonance imaging (MRI) may not be readily available. This study evaluates
the diagnostic effectiveness of ultrasonography in assessing tendon injuries among patients presenting with hand trauma in the emer-
gency department (ED). Ultrasonography findings were compared with clinical evaluations to determine its role in diagnosing tendon
injuries and guiding surgical management. This prospective observational study was conducted in the ED of a single tertiary-care hos-
pital over a one-year period and included adult patients presenting with hand injuries.

METHODS: Patients who met the inclusion criteria underwent both clinical evaluation and ultrasonographic examination. A total
of 68 patients were included in the study. All assessments were performed by an experienced emergency medicine physician using a
Philips Affinity S70 ultrasonography system (Philips Healthcare, Bothell, WA, USA). Collected data included patient demographics,
injury characteristics, ultrasonographic findings, and the need for surgical intervention. Statistical analyses were performed using the
chi-square test and binary logistic regression to compare the diagnostic performance of the two methods.

RESULTS: Ultrasonography demonstrated a sensitivity of 82.6% (95% confidence interval [Cl]: 0.69-0.91), specificity of 90.9% (95%
Cl: 0.70-0.98), and an overall accuracy of 85.3% (95% CI: 0.75-0.92) in predicting the need for tendon repair. Clinical evaluation showed
slightly lower diagnostic performance, with a sensitivity of 80.4% (95% CI: 0.67-0.89) and an accuracy of 80.9% (95% Cl: 0.70-0.89).

CONCLUSION: Regression analysis indicated that ultrasonography increased the likelihood of accurately diagnosing tendon injuries
by 21.8 times compared to clinical assessment. Together, clinical evaluation and ultrasonography predicted 61% of all cases requiring
tendon repair.

Keywords: Dynamic ultrasonography; emergency care; hand injuries; imaging techniques; prospective study; tendon injuries.

INTRODUCTION if not treated promptly.” Among hand injuries that may ne-
cessitate emergency surgical intervention, tendon lacerations

Hand injuries are frequently encountered in the emergency  can sometimes be overlooked.?! Tendon injuries are primarily
department (ED) and are often straightforward, requiring  diagnosed through clinical evaluation. However, clinical ex-
only basic medical management.l'! However, some injuries  amination may be inadequate when patients are unable to co-

require surgical repair and may result in significant morbidity =~ operate because of severe pain or when assessment is limited
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by impaired consciousness.! In such situations, physicians
require a rapid and reliable diagnostic method. These limita-
tions may lead to unnecessary surgical recommendations or
inappropriate treatment plans.

In recent years, the evaluation of tendon injuries has become
an important application area for ultrasonography (USG).
Radiological techniques, such as magnetic resonance imaging
(MRI) and ultrasound are valuable tools for diagnosing tendon
injuries.’! Although MRI provides high-quality images, its use
is limited by high cost, restricted availability, and the need to
transport the patient to the imaging unit.’! USG, in contrast,
is a low-cost imaging modality that can be performed quickly
at the bedside.l’’ Because of these advantages, ultrasonog-
raphy is increasingly used as a diagnostic tool in the ED.®! |t
is anticipated that USG will become an essential diagnostic
modality for emergency physicians when evaluating patients
presenting with hand and wrist injuries involving potential
tendon damage.

The aim of this study was to evaluate the effectiveness of
ultrasonography in detecting tendon injuries in patients pre-
senting to the ED with hand and wrist trauma.

MATERIALS AND METHODS
Study Design

This prospective observational study was conducted at a
single center and included patients who presented to the
emergency department with hand injuries between October
I, 2022 and October |, 2023. The study was performed in
accordance with the principles of the Declaration of Helsinki
(1964) and its subsequent amendments. This study was ap-
proved by the izmir Local Clinical Research Ethics Commit-
tee (Date: 15.09.2022, Decision no: 57). Written informed
consent was obtained from all participants. The study was
designed and reported in compliance with the Standards for
Reporting Diagnostic Accuracy Studies (STARD) 2015 guide-
lines for diagnostic accuracy studies.

Study Setting

The study was conducted in the ED of a tertiary-care hospital
with an annual patient volume of approximately 400,000 vis-
its. A hand surgeon is available on duty at this hospital every
day. Consequently, patients from other hospitals who are sus-
pected of requiring hand surgery are frequently referred to
this center. Patients presenting to the ED are initially evalu-
ated by an emergency medicine resident and an emergency
medicine specialist. During this evaluation, patients suspected
of requiring hand surgery are referred for consultation with
the hand surgeon. The hand surgeon evaluates the patient in
the emergency department and determines whether surgical
intervention is required. Patients deemed to require surgery
undergo either urgent or elective operative treatment, which
is performed by the hand surgeon. This workflow reflects
the routine clinical practice at our hospital. In this study, the

568

routine workflow was maintained; however, all patients for
whom a hand surgery consultation was requested addition-
ally underwent tendon ultrasonography performed by a single
emergency medicine physician involved in the research. All
corresponding images and data were systematically record-
ed. The emergency physicians evaluating the patients were
blinded to the ultrasound findings. Likewise, the physician
performing the ultrasound examination was blinded to the
clinical assessment and consultation decision prior to the ex-
amination.

Patient Selection

Patients presenting to the ED with hand injuries were
screened according to the following inclusion and exclusion
criteria to establish the study population.

Inclusion Criteria
I. Age 218 years

2. Voluntary participation in the study with written informed
consent

3. Glasgow Coma Scale (GCS) score of 14 or |5.
Exclusion Criteria
I. Age <18 years

2. Presence of additional injuries that could negatively affect
tendon examination

3. GCS score <14

4. Intoxication with drugs or alcohol, or withdrawal states
that could adversely affect the patient's consciousness and
cooperation

5. Requirement for cardiopulmonary resuscitation during ED
evaluation

6. Abrasions and superficial skin cuts without deep incisions.
Ultrasonographic Evaluation

Following the initial evaluation, all patients for whom a hand
surgery consultation was requested underwent tendon ultra-
sonography performed by a designated emergency medicine
physician with four years of experience and training in ultra-
sonography. This examination assessed whether the tendon
had a complete or partial rupture. The assessment was per-
formed using the linear probe of a Philips Affinity S70 ultra-
sonography system (Philips Healthcare, Bothell, WA, USA)
with the "superficial tissue" preset. Ultrasonographic evalua-
tion was conducted in B-mode grayscale, and all acquired im-
ages were recorded. During the ultrasound examination, the
affected extremity was positioned on a table with the area
of interest facing upward. If the skin surface was intact, the
procedure was performed directly over the area of interest.
In cases where an open wound was present, the wound edges
were temporarily approximated using sterile adhesive strips
(Steri-Strips) before imaging. The ultrasound examination
was then performed under these standardized conditions.
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Data Collection

The collected data included patient age, sex, mechanism of
injury, anatomical location of the injury, past medical history,
medication usage, alcohol or drug use status, ultrasonograph-
ic findings, and the need for hand surgery consultation. These
data were recorded using a predesigned data collection form.
The primary outcome of the study was the requirement for
hand surgery. This outcome included both patients who did
not require surgery after evaluation by the hand surgeon and
patients who underwent surgery but were found to have no
tendon injury.

Imaging

In this study, imaging was performed to identify tendon inju-
ries and to evaluate potential damage to the muscle, tendon,
and vascular structures. The imaging findings were classified
as follows: (Fig. ).

I. Normal Appearance

o Imaging demonstrated an intact and healthy tendon with no
pathological findings (Fig. 2).

2. Muscle Rupture

o Disruption of muscle tissue continuity was observed (Fig.
3).

3. Partial Tendon Laceration

o In cases of partial tendon laceration, the tendon retained
partial structural integrity, while a localized area showed dis-
ruption (Fig. 4). This finding suggests the possibility of partial
functional impairment.

4 N
The Number of Patients Eligible Patients exluded
-Age under 18: 11
N:151 -superfacial skin
\_ J cut/abrasion: 14
-Adrug/alcohol use:
12,
-Unstable patient: 4
s N
The Number of Patients
Recruited
N:110
LS b
Number of patients
did not agree to
partipicate: 24
4 N
The Number of Patients
Consented
N:86
- J
Non-cooperative
patient for
USG/clinical
rd N assesment:18
The Number of Patients
Enrolled
N:68
N J

Figure 1. Study flowchart.
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Figure 2. Normal appearance showing intact tendon and muscle
structures.

Figure 3. Muscle rupture demonstrating disruption of muscle tis-
sue continuity.

Figure 4. Partial tendon laceration showing localized disruption of
the tendon structure.

4. Full-Thickness Tendon Rupture

o Full-thickness tendon rupture was characterized by com-
plete discontinuity of the tendon, resulting in significant func-
tional loss (Fig. 5).

5. Intact Digital Artery and Tendon

o No evidence of vascular or tendon injury was detected
(Fig. 6).
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Figure 5. Full-thickness tendon rupture with complete discontinuity
of the tendon.

Figure 6. Intact digital artery and tendon with no evidence of vas-
cular or tendon injury.

Note: The figures presented illustrate representative diagnos-
tic images obtained during the study and correspond directly
to the findings described above.

Statistical Analysis

Data were analyzed using SPSS (Statistical Package for the
Social Sciences) version 26.0. Numerical data were presented
as numbers, percentages, and means. The chi-square test was
used to evaluate associations between categorical variables
when comparing ultrasonographic and clinical evaluation
methods. Sensitivity, specificity, positive predictive value, and
negative predictive value were calculated for both diagnostic
approaches. Binary logistic regression analysis was performed
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to compare the effectiveness of the two methods in deter-
mining the need for hand surgery.

Additionally, a logistic regression model was developed to as-
sess the combined effectiveness of both methods. The results
of this model were presented using the Cox & Snell R2 and
Nagelkerke R2 parameters. These measures illustrate the
predictive capability of clinical and ultrasonographic evalua-
tions in determining the need for hand surgery. All analyses
were reported with a 95% confidence interval, and a p-value
of <0.05 was considered statistically significant.

Post-Hoc Power Analysis

A post-hoc power analysis was performed based on the pri-
mary outcome of diagnostic accuracy between ultrasono-
graphic and clinical evaluations. Using the observed effect
size derived from the difference in accuracy (0.85 vs. 0.81), a
sample size of 68 subjects, and a significance level (a) of 0.05,
the calculated statistical power of the study was 0.88 (88%).
This indicates that the study had adequate power to detect
a clinically meaningful difference between the two diagnostic
methods.

Table |I. General characteristics of the patients
Number Percentage
(n) (%)

Sex

Male 58 85%

Female 10 15%
Side of injury

Right 40 59%

Left 28 41%
Type of injury

Flexor 35 52%

Extensor 33 48%
Mechanism of injury

Cutting tool 63 93%

Crush injury 5 7%
Tendon injury on clinical examination

No 27 40%

Yes 41 60%
Tendon injury on ultrasonography

No 40 59%

Yes 28 41%
Need for hand surgery

No 22 32%

Yes 46 68%
Alcohol use

No alcohol use 57 84%

Alcohol use I 16%
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RESULTS

A total of |51 patients were evaluated for the need for hand
surgery during the study period. After applying the exclusion
criteria, 68 patients were included in the final analysis. The
mean age of the included patients was 34%15 years, and 58
(85%) were male. It was determined that 68% of the patients
required hand surgery, highlighting the severity of the condi-
tion in a substantial proportion of the study population. The
general characteristics of the study population are presented
in Table I.

According to the chi-square analysis, both clinical evaluation
and high-frequency linear transducer ultrasonography were
statistically significant in determining the need for tendon
repair (p<0.001 for both) (Table 2). When the diagnostic
performance of ultrasonography in predicting the need for
tendon repair was evaluated, the sensitivity was 82.6% (95%
confidence interval [CI]: 0.69-0.91), specificity 90.9% (95%
ClI: 0.70-0.98), positive predictive value (PPV) 95.0% (95% Cl:

0.83-0.99), negative predictive value (NPV) 71.4% (95% ClI:
0.53-0.85), and overall accuracy 85.3% (95% Cl: 0.75-0.92).
For clinical examination, sensitivity was 80.4% (95% CI: 0.67—
0.89), specificity 81.8% (95% Cl: 0.60-0.94), PPV 90.2% (95%
Cl: 0.77-0.97), NPV 66.7% (95% CI: 0.48-0.82), and overall
accuracy 80.9% (95% Cl: 0.70-0.89) (Table 3).

When the effectiveness of clinical evaluation and high-fre-
quency linear transducer ultrasonography in determining
the need for tendon repair was assessed using binary logistic
regression analysis, each unit increase in the clinical evalua-
tion score increased the likelihood of requiring tendon repair
by 4.419 times, whereas each unit increase in the ultraso-
nography score increased it by 21.809 times (Table 4). This
finding underscores the importance of ultrasonography as a
complementary tool to clinical examination. According to
the Nagelkerke value, the model including clinical examina-
tion and ultrasonography explained 61.4% of the need for
tendon repair (Table 5).

Table 2. Chi-square analysis
Need for tendon repair P
No Yes Total
Tendon injury on USG
Yes 2 38 40 <0.001
5.0% 95.0% 100.0%
No 20 8 28
71.4% 28.6% 100.0%
Total 22 46 68
32.4% 67.6% 100.0%
Tendon injury on clinical examination
Yes 4 37 41 <0.001
9.8% 90.2% 100.0%
No 18 9 27
66.7% 33.3% 100.0%
Total 22 46 68
32.4% 67.6% 100.0%
USG: Ultrasonography.
Table 3. Diagnostic accuracy analysis
Sensitivity Specificity PPV NPV Overall accuracy
(95% CI) (95% CI) (95% CI) (95% ClI) (95% CI)
UsSG 83% (0.69-0.91) 91% (0.70-0.98) 95% (0.83-0.99) 71% (0.53-0.85) 0.86 (0.75-0.92)

Clinical examination 80% (0.67-0.89) 82% (0.60-0.94)

90% (0.77-0.97) 67% (0.48-0.82) 0.81 (0.70-0.89)

PPV: Positive predictive value; NPV: Negative predictive value.
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Table 4. Binary logistic regression analysis
B Sig. Exp(B) 95% ClI for Exp(B)

Lower Upper

Clinical evaluation 1.486 0.071 4419 0.879 22.232

USG evaluation 3.082 0.001 21.809 3.650 130.301

Constant -1.298 0.009 0.273

USG: Ultrasonography.

DISCUSSION Table 5. Regression model summary

This study highlights the importance of using ultrasonography
to evaluate hand tendon injuries in the emergency depart-
ment. The findings demonstrate that high-frequency linear
transducer ultrasonography is effective in determining the
need for tendon repair, with a sensitivity of 83% and a speci-
ficity of 91%, indicating that it is a reliable diagnostic method.
These results emphasize the importance of rapid interven-
tion in the ED and demonstrate how ultrasonography can
contribute to this process.

The literature presents conflicting results regarding the ef-
fectiveness of ultrasonography in diagnosing upper extremity
tendon injuries. For example, Meisami et al.”! reported that
ultrasound evaluation, when compared to surgical outcomes,
was not a reliable method for diagnosing tendon injuries. In
contrast, Mohammadrezaei et all'¥ evaluated tendon inju-
ries in penetrating extremity traumas using ultrasonography
and reported that ultrasound showed high accuracy in dis-
tinguishing injured tendons from normal tendons. However,
in that study, the reference standard was clinical evaluation
performed by a team consisting of orthopedic and emergency
medicine residents, and the performance of ultrasonography
was assessed accordingly. In the present study, surgical out-
comes were used as the reference standard, and clinical deci-
sions were compared with ultrasonographic evaluations per-
formed by an emergency physician. According to our findings,
both clinical examination and ultrasonographic evaluation
were effective in distinguishing injured tendons from normal
tendons. However, when the two methods were compared,
ultrasonography demonstrated higher sensitivity and speci-
ficity. Moreover, because our hospital functions as a referral
center for hand surgery, the PPV (95%) observed in our study
may be higher than that reported in the literature due to the
higher prevalence of injuries in the study population.

In the emergency department, clinical evaluation is the pri-
mary method used to diagnose tendon injuries; however,
some patients may undergo unnecessary surgical exploration.
Therefore, diagnostic methods that can more accurately con-
firm the diagnosis are being investigated. In one such study,
Wau et al. reported that ultrasound was superior to clinical
evaluation in diagnosing lower and upper extremity tendon
ruptures in the emergency department.® In the present
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Model Summary

-2 Log likelihood Cox&Snell R?

Step Nagelkerke R?

| 46.246* 0.439 0614

study, consistent with previous literature, ultrasonographic
evaluation demonstrated better diagnostic performance than
clinical examination, with higher sensitivity and specificity.
Moreover, according to the binary logistic regression analy-
sis performed to evaluate the relationship between tendon
injuries in hand and wrist trauma and both clinical and ultra-
sonographic assessments, a one-unit increase in the clinical
evaluation score was associated with a 4.419-fold increase
in the probability of tendon injury, whereas a one-unit in-
crease in the ultrasonographic evaluation score was associ-
ated with a 21.809-fold increase in the likelihood of tendon
injury. When both methods were used together; the model
explained approximately 61% of all tendon injuries in hand
and wrist trauma according to Nagelkerke R2 value.

This study has certain limitations. First, it did not evaluate
whether the use of ultrasound influenced the time to diag-
nosis or the time to surgical intervention. Because bedside
ultrasound has the potential to reduce both diagnostic and
operative delays, future studies should investigate this aspect.
Second, tendon injuries of the hand and wrist were analyzed
collectively by anatomical region, flexor or extensor function,
or specific tendon involvement. Future studies with larger
sample sizes should include subgroup analyses comparing
flexor and extensor tendon injuries separately, which may
provide more detailed insights into the diagnostic perfor-
mance and clinical utility of ultrasonography across different
tendon types. Additionally, surgical exploration was not per-
formed in patients who were clinically determined not to re-
quire hand surgery. This represents a limitation of the study,
as the absence of confirmatory surgery in this group may have
led to an overestimation of the NPV. Finally, because 68% of
the patients in this study required surgical intervention, the
positive predictive value may have been influenced by the high
prevalence of tendon injury in the study population.
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CONCLUSION

Bedside ultrasonography is a practical, safe, and reliable di-
agnostic tool for identifying partial or complete tendon
ruptures in hand and wrist injuries. It supports clinical deci-
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El travmalarinda tendon yaralanmalarinin ultrasonografik degerlendirilmesi: Acil bakimda

kritik bir ara¢

AMAC: El yaralanmalari, 6zellikle tendon yaralanmalari, acil servise basvurularin nemli bir nedenidir ve glinliik yasam aktivitelerini ciddi sekilde etki-
leyebilir. Geleneksel tani ydntemleri kismi tendon yaralanmalarini siklikla gézden kagirmakta, bu da alternatif goriintiileme yontemlerinin gerekliligini
ortaya koymaktadir. Ultrasonografi (USG), ozellikle manyetik rezonans goriintiileme (MRG) imkaninin olmadigi acil durumlarda, hizli, non-invaziv
ve etkili bir tani araci olarak one ¢ikmaktadir.

GEREC VE YONTEM: Bu calisma, acil servise el travmasi ile basvuran hastalarda tendon yaralanmalarinin degerlendirilmesinde ultrasonografinin
tanisal etkinligini incelemeyi amaglamaktadir. Ayrica USG’nin klinik degerlendirme ile karsilastirilarak tendon yaralanmalarinin tanisindaki rolii ve
cerrahi midahale planlamasindaki katkisi arastirilmistir. Bu prospektif gézlemsel calisma, Uglincti basamak tek merkezli bir hastanenin acil servisinde
bir yIl boyunca yiirtitiimistiir. Calismaya el yaralanmasi ile bagvuran erigkin hastalar dahil edilmistir. Dahil edilme kriterlerini karsilayan hastalara
klinik degerlendirme ve ultrasonografi uygulanmistir. Calismaya toplam 68 hasta alinmis, degerlendirmeler deneyimli bir acil tip uzmani tarafindan
Philips Affinity S70 ultrasonografi cihazi (Philips Healthcare, Bothell, WA, ABD) kullanilarak yapilmistir. Demografik veriler, yaralanma ozellikleri,
ultrasonografik bulgular ve cerrahi miidahale gereksinimleri kaydedilmistir. istatistiksel analizlerde ki-kare testi ve ikili lojistik regresyon kullanilmistir.
BULGULAR: Tendon onarimi gerekliliginin belirlenmesinde ultrasonografinin duyarliligi %83, 6zgllligii %91, pozitif prediktif degeri %95 ve negatif
prediktif degeri %7 olarak bulunmustur. Yalnizca klinik degerlendirme ise daha dlstk prediktif degerlere sahipti.

SONUC: Regresyon analizi, ultrasonografinin klinik degerlendirmeye kiyasla tendon yaralanmalarini dogru tanilama olasiligini 21.8 kat artirdigini
gostermistir. Hem klinik degerlendirme hem de ultrasonografi birlikte tiim tendon onarimi gereksinimlerinin %6 | 'ini 6ngorebilmistir.

Anahtar sozciikler: Acil bakim; dinamik ultrasonografi; el yaralanmalari, goriintiileme teknikleri; prospektif galisma; tendon yaralanmalari.
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