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ABSTRACT

Introduction: Distal radius fractures are among the most common fractures. Associated intercarpal injuries have been reported in
up to 70% of cases. If undiagnosed or untreated, these injuries can negatively impact functional outcomes. The aim of this study
was to establish a correlation between computed tomography (CT) and arthroscopy in diagnosing intercarpal injuries associated
with distal radius fractures. Materials and Methods: We retrospectively analyzed 146 patients (aged 18—65 years) with distal radi-
us fractures who underwent arthroscopically assisted surgery. Preoperative radiographs and CT scans of the wrist were evaluated.
Triangular fibrocartilage complex (TFCC) injuries, ligament and osteochondral injuries, and carpal bone fractures were assessed
based on pre-established imaging criteria, with arthroscopy serving as the diagnostic gold standard. The diagnostic accuracy of
CT for these injuries was determined. Results: For TFCC injuries, CT demonstrated a sensitivity of 84%, specificity of 65%, posi-
tive predictive value (PPV) of 77%, and negative predictive value (NPV) of 10%. For scapholunate ligament injuries, sensitivity
was 61%, specificity 62%, PPV 60%, and NPV 63%. For osteochondral injuries, sensitivity was 55%, specificity 87%, PPV 22%,
and NPV 97%. Conclusion: There was no statistically significant correlation between CT and arthroscopy for the preoperative
diagnosis of intercarpal injuries associated with distal radius fractures.
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Lesiones del carpo asociadas a fracturas del radio distal: correlacién artroscépico-tomografica

RESUMEN

Introduccion: La fractura del radio distal representa una de las fracturas mas frecuentes. La prevalencia de lesiones intercar-
pianas asociadas llega al 70%. Estas lesiones impactan en los resultados funcionales cuando pasan desapercibidas durante
el diagnostico y el tratamiento. El propdsito de este estudio fue establecer una correlacién entre la tomografia computarizada y
la artroscopia para diagnosticar lesiones intercarpianas asociadas a fracturas del radio distal. Materiales y Métodos: Se eva-
lud retrospectivamente a 146 pacientes de 18 a 65 anos, con fractura del radio distal, operados con asistencia artroscopica y
estudiados con radiografias y tomografia computarizada prequirtrgicas. Se evaluaron las lesiones del fibrocartilago triangular,
ligamentarias y osteocondrales, y las fracturas de los huesos del carpo, segun criterios imagenoldgicos prestablecidos, tomando
como patrén de referencia diagndstico a la artroscopia. Se determind la precisién diagnéstica de la tomografia para estas lesiones.
Resultados: Para lesiones del fibrocartilago triangular, la sensibilidad fue del 84%; la especificidad, del 65%; el valor predictivo
positivo, del 77% y el valor predictivo negativo, del 10%. Para lesiones del ligamento escafolunar, la sensibilidad fue del 61%; la
especificidad, del 62%; el valor predictivo positivo, del 60% y el valor predictivo negativo, del 63%. Para lesiones osteocondrales,
la sensibilidad fue del 55%; la especificidad, del 87%; el valor predictivo positivo, del 22% vy el valor predictivo negativo, del 97%.
Conclusion: No hubo una correlacién estadisticamente significativa entre la tomografia computarizada y la artroscopia para el
diagnostico prequirurgico de lesiones intercarpianas asociadas a una fractura del radio distal.
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INTRODUCTION

Distal radius fractures (DRFs) account for approximately 25% of fractures in the pediatric population and 18%
in elderly patients.' The classic literature reports an increasing incidence of DRFs across all age groups, with a
stable trend in recent years.” This trend, along with the high healthcare costs associated with treating the injury
and its complications, highlights the importance of comprehensive and timely diagnostic and therapeutic man-
agement.’

Approximately 16% of patients with DRFs report persistent wrist and hand pain even one year after injury,
which is attributed to a multifactorial etiology.* Cheng et al. associated this chronic pain with factors such as ulnar
impaction due to poor reduction, lack of ulnar styloid consolidation, triangular fibrocartilage complex (TFCC)
injuries with or without distal radioulnar instability, intercarpal ligament injuries, and chondral damage.’ Liga-
ment injuries have been reported in up to 70% of cases.® The scapholunate ligament (SLL) is the most impor-
tant intercarpal ligament; its injury causes instability, leading to a specific pattern of osteoarthritis and residual
chronic pain.

Diagnosing these lesions before surgical treatment is challenging. This difficulty arises from the inability to
perform a thorough clinical evaluation due to pain and soft tissue edema. Additionally, literature reports diagnos-
tic limitations of both radiography and computed tomography (CT) in detecting such injuries. Although radio-
graphic signs, such as widening of intercarpal joint spaces, distal radioulnar joint incongruity, or disruption of
Gilula’s lines, may suggest associated soft tissue injuries, radiographs have been found to be moderately reliable
for diagnosing ligament injuries and are better for ruling out rather than confirming them.’

Gradl et al. reported a specificity and sensitivity of 84% and 69%, respectively, for radiographs in diagnosing
scapholunate ligament injuries concomitant with intra-articular DRFs.® Suzuki et al. evaluated the intra- and in-
terobserver reliability of radiography and CT for detecting carpal ligament injuries associated with DRFs, using
arthroscopy as the confirmatory method.” They found moderate intraobserver and poor interobserver reliability
for radiographs, in contrast to the acceptable results obtained with coronal CT slices. However, current evidence
is insufficient to accurately determine the extent of these injuries and guide therapeutic management.

Although alternative imaging methods such as CT with intra-articular contrast, MRI, or stress radiographs ex-
ist, they are not routinely used due to their costs and the need for contrast administration.

The aim of this study was to determine whether a correlation exists between CT and arthroscopy in diagnosing
lesions associated with DRFs. As a secondary objective, we sought to establish the incidence of carpal injuries
in this type of fracture.

MATERIALS AND METHODS

A retrospective, observational cohort study was conducted. Data analysis was performed using the PECTRA®
system, accessing medical records, imaging studies, and surgical reports. Radiographs and CT scans with mul-
tiplanar reconstruction were reviewed, with specific measurements performed to detect potential carpal injuries
based on clearly established criteria. These findings were then compared with those documented in surgical
reports.

A total of 269 patients with DRFs who underwent open reduction and internal fixation with an anatomical lock-
ing plate and arthroscopic assistance between January 2012 and December 2022 were retrospectively analyzed.
All surgeries were performed by the same expert-level surgeon, according to J.B. Tang’s classification, alongside
the institution’s Upper Limb Surgery team.'’

Patients aged 18 to 65 years were included. Preoperative imaging included standard wrist radiographs (an-
teroposterior, lateral, and oblique views) and CT scans in neutral rotation. CT images were obtained at 1 mm
intervals and reconstructed in sagittal, axial, coronal, and 3D views. Patients with pathological fractures, bilateral
fractures, severe osteoporosis, previous ipsilateral wrist conditions (trauma, fractures, or rheumatic diseases), or
open fractures were excluded (Table 1). Stress radiographs were not performed to rule out partial or occult liga-
ment injuries (predynamic instability).

Based on the inclusion criteria, 146 patients were selected: 72 men and 74 women, with a mean age of 46.9
years. All fractures were classified according to the AO classification and analyzed for CT signs of associated
injuries (Figure 1).
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Table 1. Summary of initial characteristics

Age 49.6 (19-65)
Sex Male 72 (49%)
Female 74 (51%)
Evaluation Radiographs in three projections: anteroposterior, lateral, and oblique

Computed tomography with multiplanar reconstruction
Treatment Reduction and osteosynthesis with anatomical volar locking plate

Arthroscopic assistance

269
Exclusion
76 No CT
Exclusion Out of age
42 ’
range
n = 146

Figure 1. Selection of patients according to the inclusion criteria.

The institutional protocol, which evaluates injuries from ulnar to radial and from proximal to distal, was used
for assessing associated lesions. TFCC injury was defined as a fracture at the base or apex of the ulnar styloid, a
fracture of the lunate facet of the radius, or distal radioulnar joint incongruity (Figure 2).

Lunotriquetral ligament injury was assessed based on the presence of fracture or avulsion at the lateral or me-
dial aspects of these bones, respectively. Scapholunate ligament injury was diagnosed if the narrowest distance
between the scaphoid and lunate exceeded 2.0 mm on coronal CT slices, and the scapholunate angle measured
>60° on sagittal slices (Figure 3)."!

Additionally, carpal fractures and osteochondral lesions were evaluated (Table 2).

The validity of CT as a diagnostic tool for the different injuries was determined by analyzing its sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) for each lesion, using the Easy
R® software (version 4.2.1).
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Figure 2. TFCC injury. A. Computed tomography of the wrist, coronal section. Radial lunate facet fracture and scaphoid
fracture. B. Wrist computed tomography, coronal section. Fracture of ulnar styloid. C. Distal radioulnar subluxation and
radial lunate facet fracture. D. Arthroscopic view through portal 3-4-R. Injury at the level of the triangular fibrocartilage in its
dorsal portion.

Figure 3. Scapholunate ligament injury. A. Computed tomography of the wrist, coronal section. Scapholunate distance> 2
mm. B. Arthroscopy. Introduction of the probe through the scapholunate ligament observing the scapholunate ligament injury.
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Table 2. Tomographic and arthroscopic evaluation of associated lesions.
TFCC injury Fracture of the lunate facet Evaluation according to Palmer’s classification

Distal radioulnar dislocation or
subluxation

Fracture of the styloid process

Scapholunate lesion Scapholunate distance >2 mm in Evaluation according to Geissler’s classification
coronal slice

Scapholunate angle >60°.

Lunotriquetral lesion Avulsion of the semilunate or Macroscopic visualization of the ligament and
triquetral in its articular facet. avulsion of the articular facet of the lunate or
triquetral bone.

Associated carpal bone Fracture lines involving carpal bone Direct visualization of fracture lines involving
fracture carpal bone.
Osteochondral injury Bone surface defect Direct visualization of the osteocartilaginous defect

of the articular surface of the carpal bones.

TFCC = triangular fibrocartilage complex.

Surgical Technique

All patients underwent the same surgical procedure. They were positioned in the dorsal decubitus position under
a plexus anesthetic block, with a hemostatic cuff inflated to 250 mmHg. The first stage involved open reduction and
internal fixation via the Henry volar approach, modified by Orbay, using an anatomical volar locking plate for the
distal radius.'> The limb was then positioned in a traction tower, with the shoulder at 90° of abduction, the elbow
at 90° of flexion, and the forearm in a neutral position. Standard arthroscopic portals were used (3-4R, 6R, radial
and ulnar midcarpal), and diagnostic and therapeutic arthroscopy was performed. If SLL injuries were identified,
the Geissler classification was applied.”* TFCC injuries were classified and treated according to Palmer’s concepts
and, in cases of type Ib injuries, treatment followed Atzei’s criteria, distinguishing between stable and unstable Ib
lesions.'*'> Immobilization with a plaster cast was maintained for 2 to 4 weeks, depending on the severity of the
injury.

RESULTS

In this series, 50% of the patients were women and 49% were men, with an average age of 46.9 years. Regarding
fracture type frequency according to the AO classification, 100 fractures were classified as 2R3C (68%), while 23
were 2R3A and 23 were 2R3B (16% each).

The diagnostic accuracy of CT with multiplanar reconstruction was assessed by comparing its findings with
those from intraoperative arthroscopy.

TFCC injury: Arthroscopy confirmed this injury in 115 patients. On CT evaluation, 128 patients were diagnosed
with TFCC lesions, while 18 were not. Of the 128 positive cases on CT, 99 were true positives and 29 were false
positives. Among the 18 negative CT cases, only 2 were true negatives, while 16 were false negatives. From these
data, the sensitivity was 84% (CI 76-96%), specificity was 65% (CI 8-21%), PPV was 77% (CI 68-84%), and
NPV was 10% (CI 1-32%).

Scapholunate ligament (SLL) injury: Arthroscopy identified 71 cases of SLL injury. CT detected 72 cases with
ligament injuries and 74 without. Of the 72 CT-positive cases, 44 were true positives, while 28 were false positives.
Among the 74 CT-negative cases, 47 were true negatives and 27 were false negatives. The sensitivity was 61%
(CI49-73%), specificity was 62% (CI 50-73%), PPV was 60% (CI 47-71%), and NPV was 63% (CI 51-74%).

Osteochondral injury: Nine patients were diagnosed with this injury by arthroscopy, while CT identified 23
cases. Of these, 5 were true positives and 18 were false positives. Among the 123 CT-negative cases, 4 were false
negatives, and 119 were true negatives. Sensitivity was 55% (CI 21-86%), specificity was 87% (CI 80-92%), PPV
was 22% (CI 7.5-43%), and NPV was 97% (CI 92-99%).
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Lunotriquetral injury: Arthroscopy detected only 2 cases of this type of injury, making it insufficient to evaluate
the diagnostic accuracy of CT.

Carpal bone fractures: Arthroscopy identified 5 carpal bone fractures, whereas CT detected 16 cases. Addition-
ally, 7 patients had radiocarpal ligament injuries diagnosed arthroscopically, which were not assessed by CT. The
results are detailed in Table 3.

In this series, only 9 patients had no carpal injury associated with the fracture, indicating a high overall incidence
of carpal injuries, at 92% (Table 4).

Table 3. Outcomes.

TFCC With injury: With injury: 128 84% 65% 60% 10%
115 99 TP (CI 76-96%) (C10.8-21%) (CI147-71%) (CI 1-32%)
29 FP
Without injury: Without injury: 18
31 2TN
16 FN
SLL With injury: With injury: 72 61% 62% 60% 63%
71 44 TP (CI 49-73%) (CI50-73%) (CI147-71%) (IC 51-74%)
28 FP
Without injury: Without injury: 74
75 47 TN
27 FN
OCI Injury: 9 With injury: 23 55% 87% 22% 97%
5TP (CI 21-86%) (CI 80-92%) (C17.5-43%) (IC 92-99%)
18 FP
Without injury: ~ Without injury: 123
135 119 TN
4FN

CT = computed tomography; PPV = positive predictive value; NPV = negative predictive value; CI = confidence interval; TFCC = triangular fibrocartilage
complex; SLL = scapholunate ligament; OCI = osteochondral injury; TP = true positive; FP = false positive; TN = true negative; FN = false negative.

Table 4. Incidence of associated injuries

Triangular fibrocartilage complex 115 78.7%
Scapholunate ligament 70 48%
Osteochondral injury 9 6%
Radiocarpal ligament 7 4.8%
Carpal bone fracture 5 3.5%
Lunotriquetral lesion 2 1.36%

DISCUSSION

A large number of publications establish a close relationship between DRF and associated injuries, which have
a predictive value for short- and long-term functional outcomes.

The complex anatomy of the carpus makes it difficult to diagnose associated injuries using plain radiographs.

Failure to detect them can lead to complications such as carpal instability and biomechanical alterations, which
may result in persistent pain and functional impairment.'®
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The use of arthroscopic assistance in the treatment of DRF has highlighted the high incidence of associated
intercarpal injuries, including the TFCC and radiocarpal and intercarpal ligaments. The importance of repairing
unstable injuries and identifying acute lesions, which may be treated with postoperative immobilization, has been
emphasized. Injuries to the interosseous carpal ligaments and TFCC that are accessible via arthroscopy have been
extensively evaluated.

A high incidence of associated ligament injuries has been reported. Linscheid et al. were pioneers in describing
scapholunate instability, which remains the most common type of associated carpal instability.'” Several authors
have observed SLL injuries in 53.7% of cases, TFCC injuries in 82%, lunotriquetral ligament injuries in 27.1%,
and osteochondral lesions in 32% of DRF cases treated with open reduction and internal fixation. Additionally,
extrinsic carpal ligament injuries were described in 74%.'3?' In our series, similar results were obtained for TFCC
(78.7%) and SLL (48%) injuries, whereas the incidence of radiocarpal and chondral injuries was considerably
lower, at 4.8% and 6%, respectively.

Richards et al. reported the low accuracy of radiographs as a diagnostic tool, noting that in 60% of cases where
a ligament tear was confirmed arthroscopically, the scapholunate distance appeared normal on preoperative radio-
graphs.?’ Although MRI and MR angiography have greater sensitivity for detecting ligament injuries than radio-
graphs, they do not precisely define the extent of ligament damage, the quality of the affected tissue, or the pres-
ence of associated chondral lesions—information that is crucial for surgical planning and technique selection.>

The aforementioned studies correlate arthroscopic and radiographic findings. However, Suzuki was the first
to evaluate the correlation between arthroscopy and CT. In a series of 88 wrists, they compared arthroscopic
findings of the scapholunate interval with preoperative CT measurements and concluded that measuring the
scapholunate distance on the central coronal CT slice was reproducible, with high intra- and interobserver agree-
ment, for diagnosing low- and high-grade SLL lesions confirmed by arthroscopy.’ The present study found that
an increased scapholunate distance on coronal CT had a positive predictive value (PPV) of 60%, meaning that 3
out of 5 patients with this imaging finding actually had the lesion.

Radiocarpal and lunotriquetral ligament injuries had a low incidence in this series, rendering specificity and
sensitivity values insignificant.

Regarding the frequency and distribution of injuries, Heo et al. evaluated a series of 223 patients with DRF and
found that 20.6% had associated carpal fractures, with the triquetrum being the most frequently affected bone.*
Other studies report that scaphoid fractures have the highest incidence, ranging from 0.75% to 6.5%, which aligns
with the 4.1% observed in our series.***

Similar to the previously mentioned series, the incidence of carpal fractures in this study was 13% (19 patients).
Among them, 14 cases were diagnosed solely by CT, 3 by arthroscopy, and only 2 were identified by both meth-
ods. This demonstrates the superior diagnostic accuracy of CT compared to arthroscopic visualization, which
may be attributed to the lack of routine use of specific portals for viewing different regions of the carpus.

CONCLUSIONS

The prevalence of lesions associated with DRF has been reported to be high, with up to 80% of TFCC and
50% of SLL injuries. While our findings are consistent with these values, no significant correlation was found
between CT imaging and arthroscopic findings. The authors consider arthroscopy to remain the gold standard for
diagnosing intercarpal lesions, with its primary advantage being the ability to treat these injuries during the same
surgical procedure. However, disadvantages include increased surgical time, additional costs, and the need for an
experienced surgeon. The importance of CT for evaluating fractures and joint injuries is emphasized; however, it
should only be considered a preliminary tool for suspected intercarpal injuries. We recommend MRI or arthros-
copy as more reliable diagnostic methods.
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