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A B S T R A C T

Rupture of the flexor tendons is a rare complication following distal radius malunion after
nonoperative management. This article presents 2 cases of delayed flexor tendon ruptures fol-
lowing malunited distal radius fracture and discusses the characteristics, operative management,
and outcomes of this rare complication by reviewing the previous literature. Our analysis de-
monstrate that surgical reconstruction of ruptured tendons provides good outcomes when the
number of tendon ruptures is small. If multiple tendon ruptures are present, surgical outcomes
may be poor despite surgical reconstruction. Osseous surgery would be necessary to prevent
additional tendon ruptures; however, less invasive and simple surgeries arrowing early re-
habilitation would be preferable.

Introduction

Rupture of the flexor tendon is a well-known complication after palmar locking plate fixation for distal radius fractures, and its
incidence has been reported as 0.3% to 0.9% [1–3]. However, flexor tendon rupture associated with distal radius fracture after
nonoperative treatment is uncommon complication [4–31]. This complication can be managed by reconstruction of the ruptured
tendons and surgery for the osseous lesion that caused the tendon ruptures. However, the optimal treatment strategy for this pa-
thological condition has not been established because of the limited number of reported cases. Here, we present 2 cases of delayed
flexor tendon ruptures following malunited distal radius fracture after nonoperative management and discuss the mechanism,
characteristics, operative management, and outcomes of this rare complication by reviewing the previous literature.

Case reports

Case 1

A 74-year-old female fell down on her left hand and sustained a distal radius fracture. She underwent closed reduction, with cast
immobilization for 4 weeks in the primary clinic. Five and a half months after the injury, she experienced sudden loss of active flexion
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of the distal interphalangeal (DIP) joint of the index finger and was referred to our hospital. Her left wrist had swelling and moderate
pain, and wrist pain increased with excessive usage of the hand. Grip strength of the affected hand was 7.3 kg, which was 41% of the
contralateral side (17.8 kg), and the range of motion (ROM) of the wrist and forearm were extension 55°, flexion 25°, supination 85°,
and pronation 60°, respectively. Visual analog scale (VAS) of pain in the wrist was 70 (range; 0–100). Radiography and computed
tomography (CT) revealed dorsally malunited distal radius fracture with bony prominence at the fracture site of the radius (Fig. 1).
She had no autoimmune disease, e.g. rheumatoid arthritis.

Surgical exploration revealed that the bony prominence of the distal radius was located distal to the pronator quadratus muscle,
and the index FDP tendon was torn over the prominence, but both ends of the ruptured tendon were connected by the synovial tissue
(Fig. 2). In addition, the flexor pollicis longus (FPL) tendon and the middle FDP tendon were partially frayed around the bony
prominence. This indicated that repetitive attrition with the bony prominence was the main cause of tendon rupture. Open wedge
osteotomy with palmar locking plate (Variable Angle LCP Two-Column Volar Distal Radius Plate 2.4., DePuy Synthes, West Chester,
PA, USA) and a β-tricalcium phosphate artificial bone graft was performed. Then, tendon transfer, whereby the distal stump of the
index FDP tendon was sutured to the middle FDP tendon, was performed in an end-to-side fashion. Rigid fixation with palmar locking
plate allowed the patient to undergo early postoperative rehabilitation. Twelve months after surgical reconstruction, active flexion of
the DIP joint of the index finger was full, grip strength of the affected hand was 16.0 kg, and ROM of the wrist and forearm were
extension 55°, flexion 40°, supination 85°, and pronation 60° (Fig. 3). The Disabilities of the Arm, Shoulder and Hand (DASH) score
was 2.59 and VAS of pain in the wrist was 0.

Fig. 1. a and b Posteroanterior and lateral view radiographs of the left wrist of the Case 1, showing dorsally malunited distal radius fracture with 25°
of dorsal tilt and 8 mm of positive ulnar variance. c Sagittal view CT of the left wrist, showing the bony prominence at the palmar surface of the
distal radius (indicated by white arrow). d Axial view CT shows no palmar dislocation of the ulnar head.
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Case 2

A 69-year-old female felt painful swelling of the left wrist and an inability to flex her ring and little finger, and visited our hospital.
She had Sjögren syndrome and a history of a distal radius fracture 14 years ago, which had been treated with cast immobilization.
Physical examination revealed the loss of flexion of the ring and little finger. Grip strength of the affected hand decreased to 7.1 kg,
which was 51% of the contralateral side (13.8 kg). The ROM of the wrist and forearm were extension 70°, flexion 35°, supination 85°,
and pronation 85°, respectively. Radiograph and CT demonstrated a dorsally malunited distal radius fracture without bony spur of the
radius and palmar dislocation of the ulnar head (Fig. 4). The patient was diagnosed with tendon ruptures of the ring and little FDP
and FDS caused by a palmarly dislocated ulnar head. Surgical exploration revealed that the rupture of volar capsule of distal
radioulnar joint (DRUJ) and palmarly displaced ulnar head, and the middle, ring and little FDP and the ring and little FDP tendons
were torn over the ulnar head at the position of finger flexion (Fig. 5). These findings indicated that repetitive attrition with the
palmarly displaced ulnar head was the main cause of tendon rupture. Darrach procedure was performed, followed by tendon transfer
toward middle FDS tendon for ruptured middle and ring FDP tendons and tendon graft using palmaris longs for ruptured little FDP
tendons. Five months after surgical reconstruction, % total active motion of middle, ring and little finger were 120°, 108° and 88°,
respectively. Grip strength of the affected hand was 5.7 kg, and ROM of the wrist and forearm were extension 40°, flexion 40°,
supination 90°, and pronation 80° (Fig. 6). DASH score was 25.0 and VAS of pain in the wrist was 0.

Discussion

Rupture of the flexor tendons is a rare complication following distal radius malunion after nonoperative management. To date, 27
cases of delayed tendon ruptures (> 4 weeks after injury) have been reported in 23 English articles [4–23,28–30]. We evaluated a
total of 29 cases including our reported 2 cases (Table 1) and investigated the mechanism, characteristics, operative management,
and outcomes of this complication.

The mean age of 29 cases was 61.8 years (range 15 to 90), and the time from injury to the tendon rupture varied from 1 month to
44 years. The 29 cases we analyzed involved a total of 95 flexor tendon ruptures, including 12 FPLs, 15 index FDPs, 9 middle FDPs, 12

a

b

Fig. 2. Intraoperative macropictures of the Case 1 during surgical reconstruction. a Complete rupture of the index FDP was observed, and both ends
of ruptured tendon were continued with synovial tissue. b Bony prominence at the palmar surface of the distal radius exists over the ruptured tendon
(indicated by white arrow).
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ring FDPs, 12 little FDPs, 8 index FDSs, 7 middle FDSs, 10 ring FDSs, and 10 little FDSs (Fig. 7). Although not significant, ruptures of
radial flexor tendons tended to occur earlier than ulnar flexor tendon ruptures. According to the previous literature, the main causes
of delayed flexor tendon ruptures are “the bony spike at the palmar aspect of the distal radius”, “palmarly displaced ulnar head”, or
both simultaneously [23]. As a result of statistical analysis, radial bony spike caused tendon ruptures significantly earlier than
palmarly displaced ulnar head (Fig. 7). Consistent with our statistical result, some authors have suggested that cases with “the bony
spike at the palmar aspect of the distal radius” harbored radial flexor tendon ruptures, whereas cases with “palmarly displaced ulnar
head” harbored ulnar flexor tendon ruptures, moreover a much longer time for onset of tendon rupture is observed owing to the
relative smoothness of the displaced ulnar head compared to the sharp spur of the distal radius [16,18,22].

ba

c

Fig. 3. a and b Postoperative posteroanterior and lateral view radiographs of the left wrist of the Case 1 at 12 months follow-up after corrective
osteotomy of the distal radius, showing well-corrected distal radius with 5° of palmar tilt and 1 mm of positive ulnar variance. c Macropicture of the
Case 1 after tendon transfer at 12 months follow-up.
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This disorder generally needs two kinds of surgery. One is reconstruction of the ruptured tendons, and the other is osseous surgery
for the bony abnormality associated with malunion which caused the tendon rupture. Table 1 shows that 26 cases were available for
analysis regarding tendon reconstruction. In the cases of single tendon rupture, tendon transfer, as well as tendon grafts were
performed. More than half of the cases contained multiple tendon ruptures; therefore, a combination of tendon repair, transfer, and
graft was often required. The tendon graft was mostly harvested from the palmaris longus, but sometimes harvested from con-
comitantly ruptured FDS tendons. Both tendon transfer and tendon graft produced comparable results, and there was no consensus
regarding a superior procedure for reconstruction. Most of the patients were elderly people; therefore, a simple procedure with easy
rehabilitation might be preferable. Indeed, poor results were related to the number of ruptured tendons rather than the surgical
procedure. In particular, patients who sustained ruptures of all FDPs and FDSs had a poor prognosis, while patients with one or two
ruptured tendons obtained good outcomes [8,14,22,23]. Consistent with this evidence, our Case 1 acquired excellent outcome,
whereas Case 2 did not. Considering that progressive tendon rupture could occur in this pathological condition, early reconstruction
would be desirable.

Regarding osseous surgery, 22 cases were available for analysis (Table 1). Of 8 operations for the ulnar head, 6 used the Darrach

ba

dc

Fig. 4. a and b Posteroanterior and lateral view radiographs of the left wrist of the Case 1, showing dorsally malunited distal radius fracture with
40°of dorsal tilt and 6 mm of positive ulnar variance. c and d Axial view CT and 3D-CT image of the left wrist, showing the palmarly displaced ulnar
head (indicated by white arrow).
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procedure, including our Case 2 [5,10,14,16,19,21,23], 1 used the Sauve-Kapandji procedure [21], and 1 used debridement of the
osteophyte [10]. By contrast, of 14 operations for the radius, 10 used only excision of the bony spike [9,11–13,15,17,20,22,28], and 4
used corrective osteotomy of the distal radius, including our Case 1 [7,20,21]. In one case reported by Murase and Hiroshima,
excision of the hook of the hamate was performed because tendon ruptures were caused by friction with the hook, which resulted
from malalignment after distal radius fracture [18]. For the rehabilitation of reconstructed tendons, osseous surgeries requiring
prolonged immobilization would not be preferable. Most patients with tendon ruptures associated with a palmarly displaced ulnar
head complained of wrist pain due to DRUJ arthritis [5,14,16,21,23]. Therefore, a Darrach or Sauve-Kapandji procedure would be
appropriate for the relief of wrist pain and the prevention of additional tendon ruptures. Most of the patients with a dorsally
malunited radius underwent simple excision of the bony spike of the radius and achieved a good outcome [9,11–13,15,17,20,28].
Therefore, corrective osteotomy of the malunited radius would not be necessary for patients not complaining of wrist pain, limitation
of wrist motion, and numbness of the fingers (carpal tunnel syndrome). If we perform corrective osteotomy, rigid fixation with
locking plates would be desirable. Importantly, great care should be taken for prevention of implant-induced tendon ruptures because
the current article demonstrates that both palmar locking plating and low-profile dorsal locking plating carry equivalent risk of
extensor and flexor tendon ruptures [32].

Nevertheless, our study was limited by its retrospective nature and involved a review of previous case reports. In addition,
treatment strategies were different for each case. However, because of the rareness of this disorder, it would be difficult to undertake
a prospective analysis even in a multicenter setting. We hope that our report provides helpful information for clinicians treating this
complication.

a

b

Fig. 5. a and b Intraoperative macropictures of the Case 2 during surgical reconstruction. a Rupture of the volar capsule of the DRUJ and palmarly
displaced ulnar head were observed (indicated by white arrow). b. Rupture of the middle, ring and little FDPs and ring and little FDSs was observed.
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Conclusions

We have reported 2 cases of delayed rupture of the flexor tendons following malunited distal radius fracture after nonoperative
treatment. Surgical reconstruction (i.e., tendon transfer or tendon graft) of the ruptured tendon will provide a good outcome if the
number of tendon ruptures is small. If multiple tendon ruptures are present, the surgical outcome may be poor despite surgical
reconstruction. Osseous surgery would be necessary to prevent additional tendon ruptures. However, considering that most of the
patients are generally elderly people, a less invasive and simple procedure with easy rehabilitation would be preferable.

ba

c

Fig. 6. a and b Postoperative posteroanterior and lateral view radiographs of the left wrist of the Case 2 at 5 months follow-up after Darrach
procedure. c Macropicture of the Case 2 after tendon reconstruction at 5 months follow-up.
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