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Summary. Background and aim of the work: Fracture-dislocations of the proximal interphalangeal joint are 
complex injuries, often difficult to treat. Several treatment options have been described. Among them dy-
namic external fixation proved to be a safe technique leading to good results in many authors experience. The 
principles of this treatment are to avoid edema, prevent stiffness and tendon adhesions, promote joint remod-
elling and facilitate rehabilitation. The Ligamentotaxor® device is a simple and reproducible dynamic external 
fixation system that has been used in recent years to treat proximal interphalangeal joint fracture-dislocations, 
with favourable results. The aim of the present study is to evaluate our preliminary results with the Ligamen-
totaxor® device for treatment of these complex lesions. Methods: Four patients between December 2015 and 
January 2017 were treated at our institution with the Ligamentotaxor® device. Clinical and radiographic 
results were evaluated at mean 6 months follow-up. Results: Clinical results were meanly good and appeared 
to be comparable to most recent literature. Mean range of motion was 60,5°, mean extension lag 18,5°. Mean 
QuickDASH and Michigan Hand Questionnaire scored 21.6 and 72 respectively. Radiographic evaluation 
showed fracture healing in all cases. No relevant complications were noted. Conclusion: The Ligamentotaxor® 
device is simple to implant, provides good stability and allows an immediate gentle active movement. Accord-
ing to present work the preliminary results are encouraging. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

The PIP joint is a hinge joint normally stabilized 
by a “box” of soft tissues. The radial and ulnar collateral 
ligaments represent the box’s sides, the volar plate the 
box’s bottom and the central extensor slip the lid of 
the box (1, 2). When the disruption of one of these 
structures occur the stability of the joint is not com-
promised, while the disruption of at least two of these 
structures leads to dislocation (1). Dislocation may 
occur in volar, dorsal or lateral direction, with dorsal 
dislocation being the most common (1). 

Fracture-dislocation of the proximal interphalan-
geal (PIP) joint is considered as a complicated dorsal 

dislocation and is recognized to be a complex injury of-
ten leading to poor outcome (3). Stiffness, pain and post 
traumatic arthritis are all common complications (4).

PIP joint dorsal fracture-dislocation have an es-
timated incidence of 9/100000 cases per year (5). PIP 
fracture-dislocations are commonly caused by hyper-
extension and axial loading of the joint resulting in 
impaction of the volar articular surface of the middle 
phalanx against the condyles of the proximal phalanx 
(6). Seno and colleagues classified these fractures in 
five types according to fracture site: in type 1 the frac-
ture is on the palmar side; in type 2 the fracture is on 
the dorsal side; in type 3 fractures both volar and dor-
sal buttresses are compromised and the central part is 
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depressed; type 4 is an extraarticular fracture; type 5 
fractures occur on the sagittal plane (7). Type 3 frac-
tures, also named PIP joint pilon fractures, occur when 
the finger is not hyperextended, the phalanges are col-
linear and an axial compressive force is applied. This 
fractures are associated to the worst outcome (8). 

Conservative treatment with PIP joint immobi-
lization may lead to a satisfying radiographic result, 
anyway firm tendon and periarticular adherences are 
unavoidable, with consequent relevant stiffness (9). 
Moreover, a reduction of range of motion of the in-
jured joint is likely to occur even after a brief period 
of immobilization following internal fixation (4, 9-11). 
The aim of treatment is to avoid edema, prevent ten-
don adhesions and joint stiffness, promote joint re-
modeling and facilitate rehabilitation (10).

In order to choose the correct treatment the 
amount of intact joint surface and the stability of the 
fracture have both to be considered. If the fracture is 
considered stable a conservative treatment could be a 
good option. Some authors suggest more than 40% of 
articular surface involved to be an indication to surgi-
cal treatment (12). Other authors suggest that when 
30% or less articular surface is involved the fracture 
should be considered stable, when more than 50% is 
involved it should be considered unstable and cases in-
between these extremes are considered borderline and 
should be assessed carefully (13).

Diagnosis of these injuries is not always straight-
forward. Clinical presentation could be subtle. Plain 
radiographs are valuable to detect a complete disloca-
tion, to quantify the extent of an eventual subluxation 
and to recognize avulsion fractures (2). On the other 
hand, subtle subluxation can be difficult to detect on 
standard radiographs. To identify these injuries, the cli-
nician should look for the V-sign in lateral view, which 
represents the dorsal joint widening (Figure 1) (1).

When conservative treatment is indicated an ex-
tension block splinting may be the best choice, allow-
ing for early mobilization of the joint without reaching 
complete extension (8).

Conversely, the best choice for surgical treatment 
is matter of debate. Surgical treatment options are sev-
eral and include: open reduction and internal fixation, 
closed reduction and percutaneous fixation, volar plate 
arthroplasty and dynamic external fixation (14). 

Dynamic external fixation has been described in 
literature, with reported satisfying results in terms of 
reduction, stabilization and early mobilization of PIP 
joint fractures (15). Distraction acts using ligamento-
taxis to provide reduction, which is associated to good 
long term results especially thanks to the remodelling 
capacity of articular surface (15). The first dynamic ex-
ternal fixation device described in the literature was the 
banjo frame proposed by Schenk et al. in 1986 (16). 
Since then several devices were introduced until 1994 
when Suzuki et al. (17) reported excellent results with 
a simple frame that allowed distraction and early mo-
bilization. The Suzuki frame structure was made of 
Kirschner wires and rubber bands. To allow proper ac-
tive motion of the PIP joint great importance resides in 
placing traction wire in the exact center of rotation of 
PIP joint at the proximal phalanx head. Moreover, as all 
controlled distraction procedures, the technique may be 
complex (18) and linked with the surgeon’s ability (19).

Figure 1. Radiographic exam in lateral view of ring finger, right 
hand. The V sign (white line) can be recognized, representing 
the joint dorsal widening associated to P2 fracture



F. Kostoris, G. Canton, E. Longo, et al.92

The Ligamentotaxor® device (ArexTM, Palaiseau, 
France) (Figure 2) is based on the latter principles. 
The advantages of the device reside in the guided in-
strumentation that allows for easing the procedure 
and shortening the learning curve (10, 18). The de-
vice is made of Kirschner wires and plastic spherical 
joints that connect the wires with two metallic springs. 
The distraction can be precisely controlled trough the 
springs that can be screwed or unscrewed in order to 
increase or decrease the traction force. 

The aim of the present work is to evaluate the 
clinical and radiographic preliminary results of PIP 
joint fracture-dislocations treatment with the Liga-
mentotaxor® device.

Methods

Form December 2015 to January 2017 4 cases of 
fracture-dislocation of the PIP joint were treated with 
the Ligamentotaxor® device at the Orthopaedics and 
Traumatology Unit of Cattinara Hospital-ASUITS of 
Trieste (Italy) in 4 patients. There were 3 male and 1 
female, with mean age at the time of surgery of 49.5 
years (range 42-62). Mean clinical and radiographic 
follow-up was 6 months (range 2-11). All fractures 
were classified according to Seno: two patients had a 
Seno type 1 fracture and two patients had a Seno type 
3 fracture (pilon fracture). Patients underwent surgery 
meanly 6.5 days (range: 3-9) after trauma. Surgical 

treatment was performed under loco-regional anaes-
thesia and included closed reduction of dislocation and 
percutaneous application of the Ligamentotaxor® de-
vice under fluoroscopic control. In no case additional 
Kirschner wires were used to fix single bone fragments 
or to adjust the PIP joint alignment. All patients were 
allowed to start gentle active movement immediately 
after surgery. The Ligamentotaxor® frame was re-
moved after 6 weeks in all cases. 

Clinical evaluation at follow-up included the as-
sessment of PIP joint range of motion (ROM), exten-
sion lag and total active movement (TAM). Pain dur-
ing daily activities was measured with the VAS scale. 
Functional result was assessed by administering the 
QuickDASH score and the Michigan Hand Ques-
tionnaire. Time to return to normal activities includ-
ing work was noted. Fracture healing and PIP joint 
alignment was evaluated on follow-up radiographic 
examination. Any complication including infection, 
non-union, persistent dislocation or reintervention 
was recorded. Present study results were compared to 
the literature. 

  
Results and discussion

The mean range of motion of the PIP joint in the 
present study was 60,5° (range 40°-110°), with Seno 
type 3 patients having meanly poorer results (mean 
ROM 45°) (Table 1). The present study results con-
cerning ROM are comparable to what reported in lit-
erature, both for the Ligamentotaxor® device and for 
other dynamic traction systems. In detail, Damert et al 
(9) reported a mean ROM of 73° (range 60°-100°) in 
10 patients treated with the Ligamentotaxor® device. 
In the authors’ work only 2/10 patients (20%) suffered 
a Seno type 3 fracture. With the same device Pelis-
sier et al. (18) reported a mean ROM of 81° (range: 

Figure 2. Clinical photograph of fifth finger, left hand, after 
Ligamentotaxor® application for PIP joint fracture-dislocation. 
The placement of the transverse Kirschner wires is made under 
fluoroscopy with the aid of a guiding device. After placing and 
modelling the K wires, spherical joints are placed and the me-
tallic springs are screwed. The distraction obtained is controlled 
under fluoroscopy

Table 1. Clinical results of the Seno 1 group compared with the 
Seno 3 group

 Seno 1 Seno 3

ROM 75 45
Mean QuickDASH score 19 24
Mean extension lag 16 21
Mean pain (VAS score)   2   2
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0°-115°) in 88 patients. The same authors detected a 
meanly worse ROM value for pilon fractures, in which 
the mean ROM was 57°. Finally, Kortnig et al. and 
Colegate-Stone  et al. reported a mean ROM of 76,3° 
(range 50°-120°) and 63° respectively (3, 10). In Co-
legate-Stone study only 1/12 patients suffered a pilon 
fracture. These results are also in line with what previ-
ously reported for other rubber and pins traction sys-
tems (8, 20-22).

In the present study the mean extension lag was 
18,5°, with 2/4 patients (50%) reaching a complete ex-
tension of the PIP joint. Other authors reported simi-
lar results, with mean extension deficit between 11° 
(0°-45°) and 19,8° (0°-50°) (9, 10, 18).

The TAM mean value was 191,5° (range: 152-
245) that according with the ASSH categories means 
an almost good result.

The mean VAS value for pain during daily ac-
tivities was 2,2 (range 1-3). All patients experienced 
a persistent mild pain. The latter result is commonly 
reported in literature, being chronic persistent pain a 
sequela of complex fracture-dislocations of PIP joint 
in many authors experience (6, 18). Nonetheless, Ko-
rtnig et al. reported a mean VAS value for pain of 1,9 
(range: 0-6), while Pelissier et al reported a persistent 
pain in 47% of patients (10, 18).

Functional results of the present study patients 
were meanly good and appeared to be comparable with 
the literature. All patients were able to return to their 
previous activities including work at mean 2,8 months 
(range: 2,5-3,5). The mean QuickDASH score was 
21,6 (range 2,3-36.4) and the mean Michigan Hand 
Questionnaire outcome score was 72 (range 55-86). 
Other studies about the Ligamentotaxor® device re-
ported QuickDASH mean values between 16,9 (0-
43.18) and 9,1 (0-20,4) (3, 10).

At radiographic evaluation at follow-up all frac-
tures healed, with only 1 case of articular surface de-
pression and widening not negatively influencing clin-
ical result (Case n°2). No cases of infection, nonunion 
or reintervention were registered. These data compare 
favourably to the literature where pin inflammation, 
infection and loosening are reported to be frequent 
complications, especially for the pin and rubber trac-
tion systems (6, 21-24). In fact, De Soras reported pin 
inflammation in 5/11 cases and pin loosening with 

osteolysis in 1/11 cases treated with the latter device 
(23). This has been suggested to be probably due to 
the mechanical stress in rotation to which the proximal 
pin is subjected. The theoretical advantage of the Liga-
mentotaxor® in this setting is that the plastic spherical 
joints absorbe the stress instead of the pins (10, 23), 
which may explain the low infection rate.

The only complication of the present study popu-
lation was a minimal rotational defect in 1 case, which 
did not affect subjective and objective outcome.

Case n°1

A 50 years old female sustained a PIP joint frac-
ture-dislocation of the ring finger of the right hand 
(Seno type 1). Seven days after the injury a Ligamen-
totaxor® device was applied. She started immediately 
active motion of the finger. After 6 weeks the device 
was removed. Four months after surgery follow-up 
radiographs showed healing of the fracture and res-
toration of the articular surface. Clinical results were 
excellent: PIP joint ROM was 110° with complete 
extension of the finger. The VAS for pain was 1, the 
QuickDASH score was 2,3 and the Michigan Hand 
Questionnaire outcome was 86. There were no rota-
tional defects (Figure 3).

Case n°2

A 44 years-old heavy worker male patient report-
ed a pilon fracture (Seno type 3) of the fifth finger 
of the right hand during a road traffic accident. Three 
days after a Ligamentotaxor® was applied and was re-
moved after 6 weeks. Despite articular surface depres-
sion and widening at follow up x-rays the functional 
outcome was good: the range of motion was 60° with 
complete extension of the proximal interphalangeal 
joint, the QuickDASH score was 11,4, the Michigan 
Hand Questionnaire outcome was 82 and the VAS 
value for pain was 3. The patient returned to heavy 
hand working 3 months after surgery (Figure 4).

Conclusions

The results of the present work are encouraging 
and seem to confirm the good results reported in lit-
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Figure 3. Clinical case n°1: The figure shows on top, from left to right, the trauma x-rays showing a Seno type 1 fracture of the ring 
finger (left), post-operative x-rays showing the Ligamentotaxor® in place with the amount of distraction and reduction applied 
(center) and follow-up x-rays at 4 months, showing fracture healing and initial joint remodelling (right). On the bottom the clinical 
outcome with ROM in extension (left) and flexion (right)

Figure 4. Clinical case n°2: The figure shows on top, from left to right, the trauma x-rays showing a Seno type 3 fracture of the fifth 
finger (left), post-operative x-rays showing the Ligamentotaxor® in place with the amount of distraction and reduction applied 
(center) and follow-up x-rays at 6 months, showing fracture healing resulted in articular surface depression and widening (right). On 
the bottom the good clinical outcome despite radiographic result with ROM in extension (left) and flexion (right).
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erature for the Ligamentotaxor® device. In our experi-
ence the device proved to be simple to apply and reli-
able in outpatient management. It allows for an early 
and safe active mobilization of the PIP joint leading to 
good results even in case of radiographic unfair out-
come, at least at short term follow-up. We recommend 
the use of dynamic external fixation to treat the dorsal 
fracture dislocation of the PIP joint. 
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