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LAY ABSTRACT
Haemophilic arthropathy often results in loss of range of 
motion. Total knee arthroplasty is an effective treatment 
option for patients with end-stage haemophilic arthropa-
thy of the knee. However, despite arthroplasty, the range 
of motion is sometimes insufficient. Static progressive 
stretch using special knee orthoses is an adjunct techni-
que to traditional physiotherapy, intending to restore 
functional range of motion and decrease knee stiffness 
and pain. The aim of this study was to evaluate sta-
tic progressive stretch as a treatment method for hae-
mophilic patients with decreased range of motion after 
total knee arthroplasty. 

Background: Haemophilic arthropathy is often asso-
ciated with a loss of range of motion. Total knee 
arthroplasty is an effective treatment option for 
patients with end-stage haemophilic arthropathy 
of the knee. However, even after arthroplasty, the 
range of motion sometimes remains insufficient.
Objective: To evaluate static progressive stretch 
as a treatment method for haemophilic patients 
with decreased range of motion after total knee 
arthroplasty.
Methods: Static progressive stretch was used 
to improve range of motion in patients with a 
postoperative extension lag of more than 10° and 
flexion of less than 80°. A total of 7 knees were 
treated for a mean of 21.7 weeks.
Results: Statistically significant increases in range 
of motion and in Knee Society Score were observed 
when comparing pre-treatment and post-treatment  
values.
Conclusions: Static progressive stretch using an 
orthotic device could be a successful adjuvant  
method for treating joint stiffness in patients with 
haemophilia after total knee arthroplasty.
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Haemophilic arthropathy results in severe arthritic 
changes in the joints due to recurrent haemarthrosis. 

The most commonly affected joint is the knee. This condi-
tion is associated with decreased range of motion (ROM) 
and joint contractures. In the end-stage of the disease, 
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ankyloses of the joint can occur. As a result, patients 
experience pain, swelling and functional impairment. 
Total knee arthroplasty (TKA) is an effective treatment 
option for patients with end-stage haemophilic arthro-
pathy of the knee (1, 2). However, even after TKA, the 
range of motion sometimes remains insufficient. Several 
treatment options and conventional physiotherapy can 
improve the range of motion (3). Knee manipulation under 
anaesthesia and arthroscopic or open arthrolysis are most 
common (4). Pharmaceutical techniques have also been 
described, including high-dose steroids and intra-articular 
administration of anakinra (an interleukin (IL)-1R anta-
gonist) (4, 5). The method of serial casting or extension 
orthoses has been described as a successful pre-surgical 
treatment technique for haemophilic arthropathy when 
knee contractures are present (6). The disadvantage of 
these methods is prolonged immobilization. Therefore, 
static progressive stretch using removable orthoses bet-
ween treatment  sessions is an adjunctive technique to 
traditional physiotherapy to restore functional ROM in stiff 
knees. Numerous studies have shown the efficacy of these 
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orthoses (Joint Active Systems, Inc., Effingham, IL, USA 
(JAS)) for treating stiff knees in non-haemophilic patients 
after TKA (7, 8). The aim of this study was to evaluate 
static progressive stretch as a treatment method for hae-
mophilic patients with decreased ROM after TKA (Fig. 1).

METHODS
Twenty-six consecutive haemophilic patients who had 
undergone TKA in our department from 2010 to 2018 
were analysed. Some of them had been operated on bilate-
rally, and a total of 35 TKAs had been reviewed for inclu-
sion in the study. The inclusion criterion for the study was 
insufficient ROM. The study group comprised patients 
whose active flexion was less than 80° or whose exten-
sion lag was more than 10°. Five patients (7 knees) were 
found to fulfil those criteria, and they were involved in the 
study for a mean of 65  months (range 16–190 months) 
after TKA. The mean age of the subjects was 54.2 years 
(standard deviation (SD) 8.8 years). Each patient had 
previously received standard physiotherapy. The patients 
were additionally treated with the JAS orthosis, which uti-
lized the principles of static progressive stretch for a mean 
of 21.7 weeks (range 9–30 weeks). Patients were instruc-
ted on how to use the JAS orthosis (Fig. 1). All patients 
received custom-made orthoses based on their height, and 
thigh and shin diameters. The JAS orthosis is composed of 
thigh and shin units that are connected and can be adjusted 
from 50° of flexion to a maximum of 148° of flexion by 
rotating the therapy knob when the JAS flexion orthosis is 
used. When the JAS extension orthosis is used, the thera-
peutic arc of motion is from 48° of flexion to 38° of hype-
rextension; again, the therapy knob is used to adjust the 
angle. In the first step, the patient was instructed to rotate 
the therapy knob until a gentle, pain-free stretch was felt 
(level 2–3 on the stretch intensity scale, where 0 means no 
stretch and 10 means a painful stretch). Then, the patient 
held the stretch position for 5 min and the stretch level 
was re-assessed. If the stretch intensity decreased, the 
patient was instructed to rotate the knob until they felt a 
level 2–3 level stretch again. If the stretching intensity did 
not change, the patient remained in the same position for 
another 5 min. If the stretch intensity increased, the patient 
was instructed to rotate the knob in the opposite direction 
until a level 2–3 stretch was reached. The stretching sen-
sation was re-assessed every 5 min for a total of 6 blocks 
(a 30-min therapy session). When the 30-min session was 
completed, the patient released the knob until the stretch 
was relieved and then removed the device. The JAS ortho-
sis was used in 2 30-min self-treatment sessions per day.

Every week, the ROM was measured with a goniome-
ter. In addition, the outcome 
was measured using the 
Knee Injury and Osteoarthritis 
Outcome Score (KOOS) and 
the Knee Society Score (KSS) 
before and after the course of 
treatment.

For statistical analysis, 
SPSS software version 20.0 
(SPSS Inc., Chicago, IL, 
USA) was used. Student’s 
t-test was performed, and the 

Fig. 1. Joint Active Systems, Inc., Effingham, IL, USA (JAS) knee device 
was used by patients 2-3 times per day in 30-min treatment sessions.

Fig. 2. Pre-treatment (grey) and post-treatment (pattern) value of the 
range of motion (ROM) for each examined knee.

Fig. 3. (a) Mean pre-treatment and post-treatment extension lag. (b) Mean pre-treatment and post-
treatment flexion.
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results were considered statistically significant when the 
p-value was less than 0.05.

The Medical Ethics Committee of Slovenia approved 
the study i.d. number: 0120-91/2018/4. The study con-
formed to the principles of the Declaration of Helsinki. 
Informed consent was obtained from all patients included 
in the study.

RESULTS
Comparison of pre- and post-treatment values showed 
that the ROM in the study group increased. Measurements 
of ROM for each knee are shown in Fig. 2. The mean 
extension lag decreased and the mean flexion of the knee 
increased. The changes were statistically significant 
(p  <  0.05). The mean pre-treatment extension lag was 
20° (range, 15–30°), and the mean post-treatment exten-
sion lag was 15° (range 10–20°); meanwhile, the mean 
pre-treatment flexion was 84° (range 55–100°), and the 
mean post-treatment flexion was 89° (range 65–110°) 
(Fig. 3). No statistically significant change was found 
between pre- and post-treatment KOOS values. A sta-
tistically significant improvement was found in the 
KSS between the pre-treatment and post-treatment time-
points (p < 0.05). The mean pre-treatment KSS score was 
64.8 points (range 55.5–77.5), whereas the mean post-
treatment KSS score was 67.7 points (range 56.5–81). 
Clinical data are shown in Table I.

DISCUSSION
The method of static progressive stretch using an orthotic 
device to treat insufficient ROM in haemophilic patients 
is very similar to that of serial plasters (6). The advantages 
of the method described here compared with the casting 
method are: (i) patients can control the intensity of the 
stretch; and (ii) the treatment is limited to 2 30-min ses-
sions daily, whereas, in the traditional serial casting met-
hod, patients must wear the plaster cast for several weeks 
(6). Haemophilic patients often have a severely limi-
ted ROM due to preoperative haemophilic arthropathy. 
Therefore, it is crucial to correct contracture as much as 
possible during TKA. The goal is to achieve a functional 
ROM and correct flexion contracture to nearly 0° (9). It is 

well known that the degree of flexion is often decreased 
in haemophilic patients after TKA and that there is a cor-
relation between preoperative and postoperative ROM 
(10, 11). In general, TKA has worse clinical outcomes in 
haemophilic patients than in non-haemophilic patients but 
can nevertheless improve the condition of the patient and 
the functional ROM of the joint (10).

Static progressive stretching using an orthotic device 
is a successful method for treating joint stiffness in non-
haemophilic populations (7, 8). The current study also 
found improvements in ROM and increased KSS when 
comparing pre- and post-treatment values. However, 
the difference was not as prominent in these patients as 
it is reported to be in non-haemophilic stiff knees (7, 8). 
Most of the current patients reported reduced knee stiff-
ness and improved joint function.

This study has several limitations. The analysis was 
performed in haemophilic patients 65 months (range 
16–190 months) after TKA. This might contribute to the 
inferior clinical results in haemophilic compared with 
non-haemophilic populations. Therefore, it is possible 
that the results might be improved through the use of a 
modified treatment protocol for insufficient ROM after 
TKA. The study evaluated only 7 knees in 5 patients. 
Due  to the small study group and the short observation 
period, further studies are necessary to assess the value 
of these results.

Nevertheless, this study supports the use of static 
progressive stretch orthoses as an effective treatment 
option for decreased ROM after TKA in patients with 
haemophilia.
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