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Abstract 

Objectives: Volar locking plate (VLP) fixation is a very common procedure due to the high incidence of 
distal radius fractures (DRFs). Attritional flexor tendon rupture is a rare, but recognized complication 
after VLP fixation. There is no current consensus to prevent the condition. Our objective was to highlight 
the long-term risk for flexor tendon rupture after VLP fixation.  

Methods: We conducted a retrospective single-center review of patients with attritional flexor tendon rupture after 
VLP fixation for DRFs between 2016 and 2021. Patient demographics, DRF details including AO fracture 
classification, Soong grading and tendon reconstruction were collected. Thumb interphalangeal joint (IPJ) motion 
and Kapandji score were used as outcome measures for the tendon reconstruction. 

Results: We identified five patients with attritional flexor pollicis longus (FPL) ruptures. The median age of the 
patients at the time of DRF was 48 (34-56) years. All VLP fixations were Soong grade 2. Median time from VLP 
fixation to tendon rupture was 7 (3-14) years. Longest surgery-to-rupture interval was 14 years. One rupture was 
treated conservatively. Four were reconstructed using palmaris longus (PL) tendon graft. Thumb IPJ active range 
of motion median was 48 (20-55) degrees and Kapandji score 9/10 (7-9/10). 

Conclusion: Older generation VLP fixations with Soong grade 2 pose a long-term risk for attritional FPL rupture, 
which can be reconstructed with PL tendon graft with fair to good outcomes. 

        Level of evidence: IV 
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Introduction

Nearly every fifth fracture is a distal radius fracture 
(DRF), making it the most common fracture in 
adults.1 The incidence of DRFs has been estimated to 

be 178.1 to 252.4 per 100,000 person-years among adults.2 
Among elderly patients, distal radius fractures are four 
times more common in age-matched females than males 
due to the effect of postmenopausal osteoporosis.3,4  

DRFs may either be treated operatively or non-
operatively. When surgery is indicated, volar locking plate 
(VLP) fixation is currently the most commonly employed 
technique.5,6 AO type C fractures and DRFs among younger 

patients are more likely to be treated surgically. The 
existing evidence suggests that surgery leads to better 
clinical and radiologic outcomes and reduced complication 
rates compared to cast immobilization especially among 
patients with higher functional demands.7,8 

VLP fixation has been considered a relatively safe 
procedure with low complication rates.9 Tendon irritation 
has been found to be a common indication for plate removal 
after DRF fixation  and the flexor pollicis longus (FPL) 
tendon is the most commonly affected tendon due to its 
proximity to conventional volar implants.10,11 Based on an 
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epidemiological meta-analysis, the tendon rupture rate has 
been estimated to be 1.5%, but the incidence rate rises, if 
symptoms of tendon irritation are present.12,13 Volar plate 
prominence has been implicated as a key cause of tendon 
rupture and the Soong classification system is widely used 
to estimate this plate prominence.14 To date, the longest-
reported interval between internal fixation and tendon 
rupture is 10 years.15 There is no clear consensus on the 
prevention and early detection of post-operative flexor 
tendon rupture because of the low incidence of this 
complication and there is no manner to completely control 
the risk.  

The aim of this study was to improve awareness of the 
long-term risk regarding attritional tendon ruptures after 
VLP fixation for DRFs. We present the details of a case 
series from our institution to outline our approach to 
manage and prevent such complications. 

Materials and Methods 
We performed a retrospective single-center case series of 

attritional flexor tendon ruptures after VLP fixation for DRFs 
over a 5-year period. Patients with diagnosed flexor tendon 
rupture after VLP fixation were included to the study. There 
were no exclusion criteria set. All available electronic 
medical records were reviewed and data on patient 
demographics, injury details, fracture type (based on the AO 
classification) and the index surgery were recorded. The 
plate position was graded according to Soong classification 
to determine plate prominence in relation to the watershed 
line of the distal radius.14 Data regarding the tendon rupture, 
such as affected tendon, interval between index surgery and 
rupture, and definitive management were also obtained.  
Patient outcomes included active thumb interphalangeal 
joint (IPJ) range of motion (ROM), Kapandji score, and 
patient satisfaction. The patient outcomes were based on 
medical chart review. The numerical data are presented as 
median and range unless otherwise stated. This study was 
approved by the hospital Institutional Review Board. The 
authors have no conflicting interests to declare regarding 
this study.  

Results 
We identified five patients (two males and three females) 

that met our inclusion criteria [Table 1]. The median age of 
the patients at the time of DRF was 48 years (range: 34 - 
56). Four injuries were on the dominant (right) side and 
one occurred in the non-dominant (left) side. Three 
patients had comorbidities – asthma (one patient) and 
diabetes (two patients). 

 
Table 1. Patient demographics 

Patients (n) 5 

Patient age at the time of DRF 

(median, range), years 
48 (34 - 56) 

Gender, (%) 3 female (60%) -2 male (40%) 

Hand dominance (%) 5 right (100%) 

Effected side (%) 4 right (80%)-1 left (20%) 

 
All 5 patients had been initially managed in other 

institutions. Two of the DRFs were AO Type C2 fractures. 

The initial injury radiographs were not available in the 
other three patients. Three VLP fixations involved older 
generation implants (DePuy Synthes, Indiana, USA), 
whereas two involved newer generation implants 
(Adaptive Trilock, Medartis, Basel, Switzerland; VA-plate, 
Synthes). All plate positions were graded as Soong 2 
[Figure 1]. One patient had simultaneous dorsal plate 
fixation in addition to VLP fixation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. All plate positions were categorized as Soong grade 2 as 
shown 

 
All five of these patients had closed attritional rupture of 

the FPL tendon. The median time from VLP fixation to FPL 
rupture was 7 years (range: 3-14). The medical records 
did not indicate that any of the patients had prodromal 
symptoms such as pain, discomfort, or a sensation of 
grating over the volar wrist. All the ruptures occurred 
suddenly during routine daily activities, except for one 
patient who sustained a blunt injury to the thumb from a 
heavy object. Notably, the patient with a 14-year interval 
between internal fixation and tendon rupture sustained 
the complication while attempting to open a packet of 
sauce [Figure 2]. All patients reported difficulty with tasks 
requiring key and lateral pinch. In addition, one of the 
patients reported occasional numbness and pain after the 
rupture. An ultrasound was used to confirm the diagnosis 
and locate the level of rupture in three patients.  

All patients were offered surgical treatment and one 
patient opted for non-operative treatment because she 
was satisfied with her level of function. All four patients 
underwent implant removal and FPL tendon 
reconstruction using a palmaris longus tendon graft. The 
previous volar incision was used to access and remove the 
plate. The flexor tendons were examined, a synovectomy 
was performed if necessary and the proximal end of the 
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rupture FPL tendon was easily identified. The distal end 
of the ruptured FPL was identified by passively flexing the 
thumb interphalangeal joint and occasionally extending 
the volar incision. Three patients also had a concomitant 
open carpal tunnel release, which facilitated 
identification of the distal end of the FPL. If the distal end 
cannot be identified in the palm, a zig-zag incision should 
be made over the volar aspect of the thumb to locate the 
FPL tendon. We take great care to avoid incisions across 
the thenar region because of the potential for scarring and 
thumb adduction contracture. A palmaris longus (PL) 
tendon autograft was used in all cases. The tendon graft 
was harvested from the same incision, and wire / suture 
loops were used to pass the tendon graft from the distal 
forearm to the flexor sheath of the thumb. The segmental 
FPL tendon defect was reconstructed using a Pulvertaft 
weave technique. Adequate tendon tension and gliding 
was confirmed using passive joint motion and the 
observing the tenodesis effect. One patient, who 
underwent tendon reconstruction without carpal tunnel 
release, had occasional finger numbness, but no 
subsequent procedures were required. The median time 
from FPL rupture to reconstruction was 2 months (range: 
1-5) and the median postoperative follow-up time was 6 
months (range: 4-8).  

All patients underwent an early active motion protocol 
under the supervision of a hand occupational therapist. At 
completion of treatment, the median Kapandji score was 
9 (range: 7-9) and active thumb IPJ ROM was 48 degrees 
(range: 20-55). All patients were satisfied with their 
result. The patient who had 20 degrees of IPJ motion was 
offered tenolysis, but declined any further surgery.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Figure 2. Case with 14-year interval from VLP fixation to 
FPL rupture. The fixed-angle volar locking plate was prominent 
(Soong 2). Attritional rupture of the FPL tendon was noted, with an 
approximately 5-centimetre gap between the retracted tendon 
ends (white asterisk). The FPL rupture was repaired within three 
months using an ipsilateral interpositional palmaris longus 
autograft. The patient also underwent removal of implants, flexor 
tenolysis, scar revision, and a carpal tunnel release. The final result 
was 45 degree of active motion at the thumb IPJ and the patient was 
satisfied 

Discussion 
  We identified five patients with attritional FPL tendon 
rupture following VLP fixation for DRFs. All cases 
corresponded with Soong grade 2 and the median interval 
between fixation and rupture was 7 years (range: 3-14). Four 
patients had implant removal and tendon reconstruction, 
and three had a simultaneous carpal tunnel release.  The 
median active thumb IPJ ROM at final follow-up was 48 
degrees (range: 20-55) and the median Kapandji score was 9 
(range: 7-9). 
  Tendon irritation is the second most common indication for 
implant removal.12 Routine removal in asymptomatic 
patients has not been proven to correlate with better clinical 
outcomes and might even predispose the patient for possible 
complications related to the removal procedure itself, such 
as haematoma and re-fracture. Employing a strategy of 
routinely removing all implants may not prevent all tendon 
ruptures either, as attritional rupture might occur as early as 
3 months after fixation.16,17 An alternative strategy is early 
hardware removal in patients who present with features of 
tendon irritation, such as crepitus, pain and/or swelling. The 
fundamental problem with this approach is that tendon 
rupture might be the first sign of tendon attrition related to 
VLP fixation. None of our patients had prodromal symptoms, 
although it is possible that patients may have failed to 
recognize mild symptoms that did not affect function. It has 
been estimated that 28% of attritional tendon rupture 
patients do not have any symptoms prior to tendon rupture, 
but existing symptoms might be underreported in general.13 
We strongly advocate routine assessment for features of 
tendon irritation during post-operative outpatient visits and 
educate the patients regarding the possible clinical features 
that may indicate underlying flexor tendon irritation. 
  The FPL is the most frequently affected flexor tendon after 
VLP fixation. Most of the previously reported ruptures have 
been grade 1 on Soong´s criteria.13 It has been shown that a 
higher Soong grade is correlated with flexor tendon issues.18 
Based on a systematic review, plate malposition has been 
reported to be the most common hardware problem related 
to flexor tendon ruptures.13 An ultra-distal fracture 
morphology demands distal plate positioning or use of highly 
contoured implants designed to fit the volar rim of the bone. 
In some of our cases, there was residual dorsal angulation 
which further accentuated volar plate prominence [Figure 1]. 
It is essential that dorsal tilt should be corrected as accurately 
as possible not just to maximize wrist function, but also to 
reduce the risk of flexor tendon irritation. The advent of 
variable-angle locking screws means that the plate may also 
be applied more proximally while still ensuring secure 
fixation of specific fragments. As with all operations, the 
surgeon should be familiar with the nuances of the implants 
being used and inexperienced surgeons must be aware of 
these technical points. 
  Three VLP fixations were done with older generation juxta-
articular T-plates in our series. It has been suggested that 
older generation plates cause more tendon complications 
and the development of lower profile, anatomical plates may 
mitigate this risk.13 There are case reports of tendon ruptures 
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with similar older generation devices, but the longest time 
interval between fixation and rupture was 40 months.17-20 
Overall, the longest interval reported so far has been 10 years 
after fixation.15  
  In our own series, two patients with older-generation 
implants had tendon ruptures 10 and 14 years after internal 
fixation. This suggests that the risk for FPL rupture with 
these older generation plates do not subside over time. 
Floquet et al. reported a median fixation-to-rupture time 
interval of 8 months in their systematic review of 145 flexor 
rupture cases.13 our median time interval was significantly 
longer (7 years) and even the earliest rupture occurred 3 
years after internal fixation. We now recommend early 
removal of implants (at 9 to 12 months after fixation) for 
implants that correspond to Soong grade 2. This seems to 
balance the risks of delayed tendon rupture and re-fracture 
from premature implant removal.21,22  
  For established tendon ruptures, the most common method 
of repair or reconstruction technique is tendon grafting23,24 
Utilisation of palmaris longus tendon avoids sacrificing a 
flexor digitorum superficialis tendon and side-to-side 
tenorrhaphy with multiple weaves permits early active 
motion protocol.  Concomitant carpal tunnel release should 
be considered to avoid subsequent median nerve 
compression after tendon grafting procedure. 
  There are several limitations of this study.  First, the 
retrospective nature can introduce bias to patient selection. 
Second, it is a small size case series including only five 
patients. Third, some initial injury and immediate post-
operative radiographs were not available for analysis from 
the databases. Fourth, the outcomes were based on chart 
review and no validated patient-reported outcomes were 
used. 

Conclusion 
Our findings indicate that VLP fixation with Soong grade 

2 poses a long-term risk for FPL rupture that persists more 
than a decade after internal fixation. We now have a low 
threshold to removing VLP fixation implants with Soong 
grade 2, approximately 9 to 12 months after internal 

fixation. In the setting of an established FPL rupture, 
tendon reconstruction with PL tendon autograft provides 
acceptable outcomes without requiring sacrifice of a digital 
flexor tendon.  
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