
ORIGINAL ARTICLE

Immediate continuous passive motion after internal fixation
of an ankle fracture

Pasquale Farsetti Æ Roberto Caterini Æ
Vito Potenza Æ Vincenzo De Luna Æ
Fernando De Maio Æ Ernesto Ippolito

Received: 8 December 2007 / Accepted: 16 February 2009 / Published online: 13 March 2009

� Springer-Verlag 2009

Abstract

Background Surgical treatment is usually mandatory in

displaced bimalleolar and trimalleolar fractures. Some

authors have recommended early mobilization of the ankle

joint after surgical treatment of these lesions. In this study,

we evaluate the effect of immediate postoperative contin-

uous passive motion in the management of displaced

bimalleolar and trimalleolar fractures treated surgically.

Materials and methods Two series of 22 patients each,

who had had a Weber type A, B or C ankle fracture treated

surgically, were followed up at least 10 years after the injury.

In the first series, immediately after surgery, a continuous

passive motion machine was applied to the operated ankle

for 3 weeks, whereas in the second series, after surgery a

plaster splint or a plaster cast was applied for 3 weeks.

Results At follow-up, all patients were evaluated clini-

cally and radiographically using the AOFAS Ankle

Hindfoot Score System (Kitaoka, Foot Ankle 15:349–353,

1994). The average final score for the first series of patients

was 95.7 points (range 87–100 points, standard deviation

3.42 points). Of this series, at radiographic examination, in

two patients we observed minor signs of osteoarthritis of

the ankle joint. The average final score for the second

series was 88 points (range 68–100 points, standard devi-

ation 10.60 points). At radiographic examination, in six

patients we observed minor signs of osteoarthritis of the

ankle joint, whereas in another one the osteoarthritis was

severe.

Conclusions Continuous passive motion started immedi-

ately after surgery seems to be an effective method both for

allowing complete and quick recovery of the range of motion

of the ankle and for reducing the risk of early degenerative

joint disease. Immediate passive ankle motion can be applied

only after adequate reduction and stable internal fixation.
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Fracture � Trimalleolar

Introduction

Bimalleolar and trimalleolar fractures are extremely com-

mon in skeletal traumatology. Surgical treatment of these

lesions is usually recommended when they are displaced, in

order to obtain an adequate reduction and a stable internal

fixation, and to avoid early degenerative disease of the

ankle [2–4]. Conservative treatment is considered only in

undisplaced fractures. Some authors report good results

with surgical treatment and early mobilization of the ankle

joint [5–8]; however, to the best of our knowledge, no

papers have been published on the application of continu-

ous passive motion (CPM) to the ankle immediately after

surgery. In this study, we compared two series of 22

patients each, with displaced bimalleolar and trimalleolar

fractures treated by open reduction and internal fixation

and followed up at least 10 years after the injury. In the

first series, after the operation, a continuous passive motion

machine had been applied to the ankle, whereas in the

second series, after surgery, the operated ankle joint had

been immobilized in a splint or a cast. The aim of our study

was to compare the clinical and radiographic results

observed at follow-up in two series of patients who had

been treated surgically using two different protocols.
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Materials and methods

From a pool of 45 patients with a unilateral bimalleolar or

trimalleolar fracture, treated surgically between 1990 and

1995 at the Department of Orthopaedic Surgery of the

University of Rome ‘‘Tor Vergata,’’ we extracted 28

patients in whom we had applied a continuous passive

motion machine to the operated ankle immediately after

surgery. In all 28 patients, we had obtained an anatomical

reduction that was very stable to passively exerted flexion-

extension movements. The remaining 17 cases had been

considered unsuitable for CPM at the end of surgery

because they had shown movements at the fracture site

when the ankle was moved. All 28 patients were invited to

our hospital for a clinical and radiographical evaluation:

four could not be located, while two declined to participate

in the study because they judged their follow-up useless,

owing to the absence of any symptoms in the ankle. The

remaining 22 patients made up the first series of patients. A

comparative series of another 22 patients was selected from

a different pool of 53 patients operated on between 1985

and 1990 in whom the operated ankle had been immobi-

lized in a splint or in a cast after surgery. From this second

pool of patients, we selected 32 fractures for which at

surgery we had obtained an anatomical reduction and a

stable internal fixation. We excluded the unstable fractures,

evaluated at the end of surgery, from this second series.

Ten patients either could not be located or declined to

participate in the study, and the remaining 22 made up the

second series of patients. The two series of patients were

not randomized since the first series had been treated after

1990, whereas the second series had been treated before

that date. In the first series of patients, 13 were female and

9 were male. Their age at injury ranged from 20 to

62 years, with an average of 41.8 years. The right ankle

was involved in 15 cases and the left ankle in 7. There were

8 bimalleolar fractures and 14 trimalleolar fractures. In 4

cases the fracture of the fibula was below the syndesmosis

(Weber A), in 6 cases it was at the level of the syndesmosis

(Weber B), whereas in 12 cases it was above the syndes-

mosis (Weber C). In one case an ankle dislocation was

present, with a severe tibiofibular diastasis. In the second

series, 10 were male and 12 were female; the average age

at injury was 44.2 years, with a range between 18 and

69 years. The right ankle was involved in 13 cases and the

left in 9. There were 10 bimalleolar and 12 trimalleolar

fractures, classified in 2 cases as Weber A, in 8 cases as

Weber B, and in 12 cases as Weber C.

The first series of patients had been treated surgically by

anatomical open reduction and stable internal fixation

(ORIF). The fibula was fixed by a plate and the medial

malleolus by one cannulated screw. In 4 of the 12 trimal-

leolar fractures, we performed reduction and fixation of the

posterior malleolus by two cannulated screws. In the

remaining cases we did not synthesize the posterior bone

fragment because it measured \25% of the joint surface

length, and it appeared to be well reduced at the end of the

operation. The fracture of the fibula was always fixed first.

In all 12 cases of Weber type C fracture and in 1 case of

type B, the tibiofibular joint was diastased and we per-

formed a trans-syndesmotic fixation with a screw going

through one of the holes of the plate, in order to obtain an

anatomical reduction of the diastasis and to further stabilize

the osteosynthesis. Immediately after surgery a continuous

passive motion machine was applied to the operated ankle,

starting with 5� of dorsiflexion and 10� of plantar flexion.

We gradually increased the passive movements of the

ankle, in order to reach the maximum dorsiflexion and

plantar flexion possible 2 weeks after the operation. The

machine was applied full-time for 3 weeks, for the first

three postoperative days at the hospital, and subsequently

at home. Full-time means at least 8 h during the day and all

night. The first day after surgery, patients were allowed to

walk for short distances on crutches without weight bear-

ing, wearing an elastic bandage. Gradual weight bearing

was started 8 weeks after surgery. In all cases but one, the

screw fixing the tibioperoneal syndesmosis was removed

under local anesthesia before starting weight bearing.

The second series of patients had also been treated

surgically by anatomical open reduction and internal fixa-

tion (ORIF), following the same criteria already described.

The fibula was fixed first by a plate or intramedullary nail,

while the medial malleolus was fixed with one screw. For

the trimalleolar fractures, the posterior bone fragment was

synthesized in six cases with one or two screws; in all these

cases, it was [25% of the entire articular surface. We

performed a trans-syndesmotic fixation with one screw in

all Weber C fractures. After surgery, all patients of this

second series were immobilized in a splint or a cast for

3 weeks. The first day after surgery, patients were allowed

to walk for short distances on crutches without weight

bearing. Gradual weight bearing was started 8 weeks after

surgery. In all cases, the screw fixing the tibioperoneal

syndesmosis was removed under local anesthesia before

starting weight bearing.

At follow-up, all patients were evaluated clinically, and

radiographs of both ankles in AP and lateral views were

taken. The AOFAS Ankle Hindfoot Score System [1] was

used to rate the final clinical result. From the radiographic

point of view, we evaluated the presence of signs of

osteoarthritis of the ankle, with particular attention paid to

the width of the superior space of the ankle mortise in the

AP view.

The study was performed in accordance with the Dec-

laration of Helsinki, it was approved by the Ethics

Committee of our University Hospital, and informed
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consent was obtained from all the patients included in the

study.

A statistical analysis was performed using the Mann-

Whitney method. At P \ 0.05, the difference or correlation

was considered significant.

Results

First series

Follow-up ranged from 10 to 14 years, with an average of

11.5 years. At follow-up, the score ranged from 87 to 100

points (average 95.7 points, standard deviation 3.42

points); in these patients, the sagittal motion of the ankle

(flexion plus extension) measured from 30� to 70�, with an

average of 52� (standard deviation 9.86�). The hindfoot

motion (inversion plus eversion) measured between 44�
and 55�, with an average of 50� (standard deviation 3.30�)

(Table 1) (Fig. 1). At radiographic examination, minor or

moderate signs of osteoarthritis were present in two cases.

In one patient, who had had a fracture-dislocation with

severe diastasis of the tibiofibular syndesmosis, we

observed moderate signs of osteoarthritis, including a

narrowing of the superior joint space of the ankle mortise

that measured 1.4 mm. Moreover, ectopic bone had formed

below the tip of the medial malleolus, and on the anterior

border of the distal tibial epiphysis. However, at clinical

examination the patient was pain-free, and the function and

alignment of the ankle were normal. The other patient was

an amateur soccer player. He complained of mild pain in

the ankle only at the end of a soccer match, which resolved

spontaneously in about 1 h. In this patient, X-rays taken at

follow-up showed minor signs of osteoarthritis, with a

narrowing of the superior joint space of the ankle mortise

that measured 1.5 mm. In one patient, the screw going

through the syndesmosis broke 2 months after starting

weight bearing and we removed it. In the remaining cases,

we always removed the trans-syndesmotic screw before

starting weight bearing.

The complications observed in this series were in one

case a breakage of the trans-syndesmotic screw, which

occurred 2 months after full weight bearing, and a super-

ficial wound infection, which was successfully treated with

antibiotic therapy.

Second series

The follow-up ranged from 14 to 20 years, with an average

of 15.8 years. At follow-up, the AOFAS score ranged from

68 to 100 points (average 88 points, standard deviation

10.60 points). The sagittal motion of the ankle (flexion plus

extension) measured from 20� to 65�, with an average of

34� (standard deviation 11.01�), while the hindfoot motion

(inversion plus eversion) measured between 32� and 53�,

with an average of 44� (standard deviation 6.59�)

(Table 1). At radiographic examination, in six patients we

noticed minor signs of osteoarthritis of the ankle joint, with

narrowing of the superior joint space of the ankle mortise

that measured from 1.2 to 2 mm (Fig. 2). In another

patient, X-rays showed severe osteoarthritis of the ankle

joint. The complications which occurred in this series were

in one case a superficial wound infection and in another

case a deep wound infection, both successfully treated with

antibiotic therapy; in another case we observed a deep vein

thrombosis (DVT), which was successfully treated with

low-molecular-weight heparin for 2 months.

The difference between the two series of patients as

regards the final score observed at follow-up was statisti-

cally significant (P value 0.01), while the difference for the

values of the range of motion of the ankle was not statis-

tically significant (P value 0.12); the difference for the

values of the range of motion of the hindfoot was also not

statistically significant (P value 0.35).

Discussion

The prognosis of bimalleolar and trimalleolar ankle frac-

tures is strictly related to the quality of the reduction; for

Table 1 Results observed at follow-up in the two series of patients

Number of

patients

Length of

follow-up

AOFAS score at

follow-up

Sagittal motion of ankle

(flexion ? extension)

at follow-up

Hindfoot motion

(inversion ? eversion)

at follow-up

Osteoarthritis

(X-rays) at

follow-up

First

series

22 10–14 years 95.7 points

(87–100 points)

52� (30–70�) 50� (44–55�) 2 cases

SD 3.42 SD 9.86 SD 3.30

Second

series

22 14–20 years 88 points

(68–100 points)

34� (20–65�) 44� (32–53�) 7 cases

SD 10.60 SD 11.01 SD 6.59

J Orthopaed Traumatol (2009) 10:63–69 65

123



this reason, in order to obtain a satisfactory final result in

all displaced fractures, even in mild displacement, it is

necessary to perform an anatomical open reduction and a

stable internal fixation. Inappropriate reduction of these

fractures will cause ankle instability and early degenerative

osteoarthritis of the joint [9]. The reduction of the lateral

malleolus significantly influences the outcome of the

operation. In fact, as reported by other authors, the ana-

tomical reduction of the lateral malleolus plays a key role

in the surgical treatment of these lesions [10–12]. In

accordance with this principle, in all cases reported in this

study we performed first the open reduction of the lateral

Fig. 1 Anteroposterior

radiograph of a Weber C

trimalleolar fracture of the ankle

in a 48-year-old patient (a),

treated surgically by open

reduction and internal fixation

(ORIF). Immediately after

surgery a CPM machine was

applied to the operated ankle.

Six months later, the fractures

had healed perfectly (b). At

follow-up, 10 years later, the

patient had a complete range of

motion of the ankle, with minor

radiographic signs of

osteoarthritis (c-d)
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malleolus. Several authors recommend use of a syndes-

motic screw in Weber type C fractures [10, 13–17]. Other

authors have suggested avoiding trans-syndesmotic fixation

of Weber type C fractures when rigid fixation of the medial

and lateral fractures is achieved or when the fibular fracture

is within 4.5 cm of the joint and there is a deltoid ligament

tear [18, 19]. In one Weber type B and in all Weber type C

fractures of our two series, we applied a trans-syndesmotic

screw to obtain an adequate reduction of the tibiofibular

diastasis and to further stabilize the osteosynthesis. In fact,

we believe that the use of a trans-syndesmotic screw is

always indicated in Weber type C fractures, because this

supplemental fixation gives an immediate, better stabil-

ization of the synthesis with better healing of the

tibiofibular ligaments, any looseness of which might entail

later instability of the ankle, with the development of early

degenerative joint disease. Moreover, in the treatment

protocol of our first series, a good stabilization of the

synthesis is mandatory to permit the immediate application

of the passive motion machine. Some authors have reported

limitation of ankle dorsiflexion following application of a

syndesmotic screw, suggesting therefore removal of the

screw 6–8 weeks after surgery in an attempt to restore full

ankle motion [20, 21]. In agreement with these authors, we

removed the trans-syndesmotic screw 8 weeks after sur-

gery in all cases but one, in which the screw broke

2 months after full weight bearing.

At follow-up, we never observed significant restriction

of the ankle motion in our first series, whereas a moderate

restriction of the sagittal motion and/or the hindfoot motion

Fig. 2 Anteroposterior

radiograph of a Weber C

trimalleolar fracture of the ankle

in a 34-year-old patient (a),

treated surgically by ORIF (b).

After surgery, a plaster cast was

applied to the operated ankle. At

follow-up, 18 years later, the

patient had a complete range of

motion of the ankle, although

the radiographs showed minor

signs of osteoarthritis of the

ankle, with narrowing of the

superior space of the ankle

mortise that measured 1.4 mm

(c-d)
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was observed in seven patients of our second series. In fact,

the average of the range of motion of the ankle measured

52� in the first series and 34� in the second, while the

average of the range of motion of the hindfoot was 50� in

the first series and 44� in the second series, although the

difference between the two series of patients was not sta-

tistically significant.

Some authors have reported that osteosynthesis of the

posterior malleolus is indicated only when the bone frag-

ment is [25% of the joint surface [6, 22]. In accordance

with these authors, we performed synthesis of the posterior

malleolus in four cases of the first series and in six cases of

the second series, in which the fragment was [25% of the

articular surface. At follow-up, we observed similar results

in all of the trimalleolar fractures.

In our first series of patients, immediately after surgery

we applied a continuous passive motion machine to all of

the operated ankles. To the best of our knowledge, no

reports have been previously published on the immediate

postoperative application of a passive motion machine for

the postoperative treatment of these lesions, although Ahl

et al. [5] have recommended active early mobilization of

operated-on ankle fractures, starting the second week after

the operation. Moreover, Salter et al. [23] reported in an

experimental study that early joint motion stimulates

articular cartilage to heal by means of a reparative tissue

more similar to hyaline cartilage than to fibrocartilage. We

believe that postoperative passive mobilization may enable

the patient to achieve quick recovery of the ankle range of

motion, as well as better healing of the articular cartilage

lesions. In fact, none of the patients in our first series had

significant restriction of range of motion of the ankle joint

at follow-up, compared with the second series in which we

observed moderate limitation of the ankle joint in seven

patients. At radiographic examination, we observed minor

or moderate signs of osteoarthritis in only two patients of

the first series, one of whom had suffered extensive damage

to the articular cartilage owing to a severe fracture-dislo-

cation with disruption of the tibiofibular syndesmosis,

whereas we observed minor or severe signs of osteoarthritis

of the ankle joint in seven patients of the second series.

Some authors [24, 25] have reported a high risk of

postoperative wound complications in patients treated for

ankle fractures with surgery followed by early mobiliza-

tion. Inasmuch as we observed a similar number of

infections in each of our two series of patients, we did not

find any correlation between wound complications and

early mobilization of the ankle.

In conclusion, we believe that, in ankle fractures, con-

tinuous passive motion starting immediately after surgery

allows good recovery of range of motion of the ankle and

could minimize risk of osteoarthritis.
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