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Article history: Background: There are limited reports about management of Knee flexion contracture (KFC) in
Received 17 September 2017 haemophiliacs with Ilizarov technique. The aim of this study was to retrospectively analyzed
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Accepted 14 August 2018 the results of Ilizarov technique to treat KFC.

Methods: Six patients with haemophilia A and one with haemophilia B were included in this
study, with an average age of 17 years old. The mean preoperative KFC and flexion angle of the
knee were 58 4 21° (mean &+ standard deviation) and 127 + 12°, respectively. Preoperative
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Haemophilic arthropathy HSS score (hospital for special surgery knee score) was 51 + 4. The average time of follow-
Haemophilia up was 39.3 £ 23.3 months.

llizarov distraction Results: All the patients achieved full correction of flexion contracture at the end of distraction
llizarov technique and maintained at the last follow-up. The mean flexion angle at the end of distraction and at

Knee flexion contracture the last follow-up were 41 & 35° and 38 + 19° respectively, which were significantly lower

than preoperative flexion angle. The mean HSS score at the end of distraction and at the last
follow-up were 65 4 4 and 64 + 2 respectively, which were significantly higher than the pre-
operative HSS score. One patient suffered from transient numbness of left leg, and all the pa-
tients had loss of range of knee flexion at last follow-up.
Conclusions: Ilizarov is an effective and safe procedure to treat KFC in haemophiliacs. How-
ever, loss of knee flexion was the most common complication.

© 2018 Published by Elsevier B.V.

1. Introduction

Haemophilia is a genetic bleeding disorder with deficiency in clotting factor VIII or factor IX. Recurrent bleeding of the knee
joint often induces chronic haemophilic arthropathy, which presents as pain, chronic swelling, soft tissue contracture, and carti-
lage and bone destruction [1-3]. Due to soft tissue contracture or cartilage and bone destruction, haemophilic arthropathy will
induce a knee flexion contracture (KFC) [4]. A KFC is most common in children and young adults with haemophilia, and is fre-
quent in developing countries [4]. As the severity of haemophilia increases, so does the ratio of KFC; about 50% of severe
haemophiliacs have a ratio >10° [2].
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If not treated quickly and effectively, KFC can cause severe disability and patients to use crutches or a wheelchair [4]. Many
surgical procedures have been proposed to treat fixed KFC, including casting techniques, soft-tissue release, skeletal traction,
and supracondylar extension osteotomy [5,6].

The Ilizarov technique is a skeletal traction method that slowly and steadily distracts the joint, and can reduce the risk of skin
problems or neurovascular injury [7]. It has become an appealing alternative to open surgery [8]. However, there has been only
one study describing the management of KFC in haemophilia with Ilizarov distraction [2]. The current study hypothesized that the
Ilizarov technique can safely and effectively correct KFC in haemophiliacs. This study aimed to retrospectively analyse the results
of the Ilizarov technique to treat KFC arising from soft-tissue contractures.

2. Materials and methods

Seven patients (10 knees) who underwent continuous distraction with the Ilizarov technique from December 2009 to Septem-
ber 2015 were retrospectively reviewed. There were six patients with haemophilia A and one with haemophilia B. Two of them
were classified as moderate type (1% < factor VII:C or factor IX:C < 5%), and the other five were severe type (factor VII:C or factor
IX:C<1%). None was positive for inhibitors against coagulation factors. Two patients were positive of hepatitis C.

The mean pre-operative flexion contracture was 58 4 21° (range 30-95). The mean pre-operative flexion angle was 127 + 12°
(range 100-140). The mean pre-operative range of motion (ROM) of the knee joint was 64 4 29° (range 15-110) (Figure 1). The
pre-operative Hospital for Special Surgery (HSS) knee score was 51 4 4 (range 44-60). The average age of these patients at sur-
gery was 17.0 + 4.8 years (range 11-24). Three patients (Cases 1, 2, 4) underwent bilateral KFC distraction simultaneously. In ad-
dition to Ilizarov distraction, one patient (Case 7) underwent supracondylar osteotomy due to genu valgum. Another two patients
(Cases 2, 4) had bilateral release of the iliotibial band. The average time of follow-up was 39.3 4 23.3 months (range 16-85). The
patients' demographics are listed in Table 1.

2.1. Coagulation factor substitution protocol

Plasma factor VII and factor IX concentrations were measured pre-operatively, and a pharmacokinetics test was performed to deter-
mine the protocol for perioperative coagulation factor substitution. Factor VII (plasma-derived or recombinant) or activated prothrombin
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Figure 1. Case 4 had bilateral knee flexion contractures and was unable to stand up. A-B: Extension and flexion of the right knee showed a 50-130° range of mo-
tion; C-D: Extension and flexion of the left knee showed a 60-130° range of motion.
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Table 1
Demographics of cases in the series.
Case  Age (years) Side Fixation time (days)  Follow-up time (months)  Pre-operative Postoperative Follow-up
Con ROM HSS Con ROM HSS Con ROM HSS
1 14 Left 42 85 80°  40° 47 0° 5° 64 0° 40° 65
Right 42 85 95° 15° 44 0° 10° 61 0° 20° 62
2 17 Left 30 43 60° 80° 52 0° 30° 64 0° 30° 64
Right 30 43 70° 60° 50 0° 40° 65 0° 30° 64
3 15 Left 60 42 30° 110° 60 0° 10° 61 0° 40° 65
4 24 Left 40 41 60° 70° 51 0° 35° 64 0° 30° 64
Right 40 41 50° 80° 52 0° 20° 62 0° 30° 64
5 15 Right 21 31 45° 65° 50 0° 100° 72 0° 90° 71
6 23 Right 31 16 60° 80° 52 0° 100° 72 0° 30° 64
7 11 Right 60 17 30° 90° 53 0° 60° 67 0° 40° 65

Con, contracture; ROM, range of motion; HSS, Hospital for Special Surgery knee score.

complex concentrate (APCC) was infused as a single bolus for haemophilia A and B, respectively. The peak level of factor concentration
was maintained at 80-100% on the day of surgery, 40-60% at postoperative days (PODs) 1-3, 20-30% at PODs 4-6, and seven to 15%
thereafter until distraction instrument removal.

Figure 2. A: Ilizarov frames (red arrows show the distraction rods); B: Case 4 stood up with two crutches one week postoperatively.
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2.2. Surgical and postoperative treatment

Both the femoral and tibial constructs consisted of one and a half rings, and each was fixed with two K wires. The femoral ring
was located about 15 cm away from the groin and the half ring was fixed to the metaphyseal part of the lower end of the femur.
The tibial ring and half ring were fixed about 15 cm above the ankle joint and 10 cm below the knee joint (almost at the level of
tibial tubercle), respectively. Distraction was applied posteriorly by two rods (Figure 2A), and started from the third day postop-
eratively at a rate of 0.25 mm four times a day (one millimetre per day). The rate of distraction was modified according to the
patient's compliance or whether neurological complications presented. Manual passive extension and flexion of the knee started
once a day after unlocking the distraction rods. Local antiseptic was applied twice a day for pin care. Gait rehabilitation started
one week postoperatively by attempting full weight bearing with two crutches (Figure 2B). When full extension was achieved,
the fixation device was removed and intensive physical rehabilitation was conducted, at the local hospital or home, to restore
ROM, muscle strength, proprioception and gait pattern. The signs of pin tract infection, peripheral circulation and sensation,
and measurement of the knee flexion angle were observed every day.

2.3. Statistics analyses

One-sample Kolmogorov Smirnov Test was performed to test the data distribution. Paired t-test was used to evaluate the nor-
mally distributed parametric data before and after the surgery. Wilcoxon signed-rank test was applied when the data distributed
unnormally. P<0.05 was considered significant.

3. Results

The mean duration of distraction was 40.6 + 15 days (range 21-60) and the average time of hospital stay was 34.7 + 19.9
days (range 17-78).

All the patients achieved full flexion contracture correction at the end of distraction and this was maintained at the last follow-
up (Figure 3). However, the mean flexion angles at the end of distraction and at the last follow-up were 41 + 35° (range five to
100) and 38 4 19° (range 20-90), respectively, which were significantly lower than the pre-operative flexion angle (P<0.001).
The ROM decreased from 64 4 29° to 41 4 35° at the end of distraction and 38 4 19° at the last follow-up, respectively. The
mean HSS scores at the end of distraction and at the last follow-up were 65 + 4 (range 61-72) and 64 + 2 (range 62-71), respec-
tively, which were significantly higher than the pre-operative HSS score (P<0.001). There were no significant differences in flex-
ion angle and HSS score at the end of distraction and at the last follow-up (P = 0.754 and P = 0.699, respectively). One patient
suffered from transient numbness of the left leg, which vanished two days later after slowing the speed of distraction down
(Case 6). No other complications occurred, such as bleeding, vascular injury or bone fracture.

4. Discussion

Recurrent bleeding and haematoma in haemophilia usually cause joint swelling and pain. Patients will adopt a flexed position
to maximize the intra-articular cavity and alleviate pain, which leads to the development of soft-tissue contractures [3,9]. Soft-tis-
sue contractures and secondary fixed KFC can cause decreased mobility and functional impairment [2,7]. Treatment of KFC is com-
plex and can be very challenging [1,2,10]. Many procedures have been proposed to treat fixed KFC, including casting, soft-tissue
release, skeletal traction, and supracondylar extension osteotomy. For the majority of patients in the early stages with mild flexion
contractures, serial casting results in significant improvement of ROM [11,12]. However, surgical procedures are required for se-
vere contractures with a flexion deformity >30° [13]. Posterior soft tissue release, supracondylar extension osteotomy, and me-
chanical distraction with external fixators are optional; however, none have been accepted worldwide [5,6]. The appropriate
procedure should be chosen according to the severity of flexion contracture and arthropathy of the knee [14,15].

The Ilizarov technique continuously and slowly distracts the knee joint, and decreases the complications related to open sur-
gery such as neurovascular injury, bone non-union, internal fixation failure and deep infection [3]. However, there are still some
potential complications such as pin tract infection, loss of knee flexion, recurrence of flexion contracture, and nerve injury
[2,3,11,15]. In the current study, seven patients underwent continuous distraction with the Ilizarov technique and achieved full
correction of flexion contractures at the end of distraction and at an average follow-up of 39.3 months. However, all the patients
had loss of knee flexion and one patient suffered from transient numbness.

Pin tract infection is the most common complication with the Ilizarov technique, with a rate ranging from 5.12 to 100%
[2,6,7,16-18]. No infection occurred in the present cohort. Compared to previous studies, patients in the current study had longer
hospital stays, which means that they had longer regular medical care of the pin tract by the medical staff.

Loss of knee flexion is another common problem using the Ilizarov method. A decrease of 6.7° in ROM was observed in the
postoperative period in the study by Balci et al. [2]. The loss of knee flexion showed a rapid fall during the latency period between
the operation and start of distraction, due to physical constraints imposed by the fixator and insufficient analgesia, and continued
during lengthening, which was due to increased passive tension exerted by the distracted muscles. Another factor influencing the
final loss of knee flexion was the poor knee flexion during lengthening. There was a relationship between the ROM achieved dur-
ing lengthening and the final loss of knee flexion [17]. Intensive physical therapy plays a key role in preserving joint ROM with
llizarov distraction [17,19,20]. In order to prevent loss of knee flexion, the current study performed manual motion of the knee
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Figure 3. A-C: Case 4 achieved full correction of knee flexion contractures, but loss of knee flexion at the last follow-up at 41 months.

joint once every day. At the last follow-up, all the patients received full correction of KFC. However, the mean knee flexion angle
decreased from 127° pre-operatively to 38° at the last follow-up. It seems that passive motion of the knee joint in the current
study did not prevent loss of knee flexion. The reason could have been short duration, low frequency, and less strength of manual
passive motion. Flexing and extending the knee gradually using Ilizarov instrumentation at a faster rate than the original rate of
distraction could preserve the original degree of knee flexion [6].

Recurrence of a flexion contracture is another complication of the Ilizarov technique at long-term follow-up [21-24]. Long-
term follow-up has shown that recurrence of a knee flexion contracture is most likely to occur during the first two postoperative
years [2]. To prevent this rebound phenomenon, hyperextension of five to 10° during the external fixation period is recommended
so that full extension is maintained, even if recurrence of the flexion contracture occurred during the follow-up [2]. However, in
the current study, patients had full correction without hyperextension and no flexion contracture recurrence occurred at an aver-
age follow-up of 39.3 months. The reason for the difference was unclear. Compared with the study by Balci et al. [2], the average
age and degree of KFC were not significantly different. However, patients in the current study had lower degrees of knee flexion
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during follow-up (38° vs. 51.6°), which may have been due to inadequate physical rehabilitation. It was also speculated that this
may have been the reason for the difference between the two studies.

The acute nonoperative or operative treatment of severe flexion deformities is associated with relatively high risks of serious
complications, especially neurovascular injury. Nerves are known to regenerate at one millimetre per day following axonotmesis
[6]. The Ilizarov technique distracts the joint slowly and steadily at one millimetre per day and can reduce the risk of
neurovascular complications [7]. One patient in the current study suffered from transient nerve injury and presented with leg
numbness. The symptoms vanished after the speed of distraction was slowed down.

In conclusion, the patients in this study suffered from a loss of knee flexion at the last follow-up. However, they had full cor-
rection of KFC with the Ilizarov technique and the HSS score improved at the end of distraction and at the last follow-up. Pin tract
infection did not occur in this study, which was common in previous studies. The study was limited by the nature of a retrospec-
tive review and small number of cases. However, studies on the Ilizarov technique in haemophilic patients are scarce, and this
study had its strengths to support its conclusions.
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