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Aims
Knee joint distraction (KJD) is a relatively new, knee-joint preserving procedure with the 
goal of delaying total knee arthroplasty (TKA) in young and middle-aged patients. We 
present a randomised controlled trial comparing the two.

Patients and Methods
The 60 patients ≤ 65 years with end-stage knee osteoarthritis were randomised to either 
KJD (n = 20) or TKA (n = 40). Outcomes were assessed at baseline, three, six, nine, and 12 
months. In the KJD group, the joint space width (JSW) was radiologically assessed, 
representing a surrogate marker of cartilage thickness.

Results
In total 56 patients completed their allocated treatment (TKA = 36, KJD = 20). All patient 
reported outcome measures improved significantly over one year (p < 0.02) in both groups. 
At one year, the TKA group showed a greater improvement in only one of the 16 patient-
related outcome measures assessed (p = 0.034). Outcome Measures in Rheumatology-
Osteoarthritis Research Society International clinical response was 83% after TKA and 80% 
after KJD. A total of 12 patients (60%) in the KJD group sustained pin track infections. In the 
KJD group both mean minimum (0.9 mm, standard deviation (SD) 1.1) and mean JSW (1.2 mm, 
SD 1.1) increased significantly (p = 0.004 and p = 0.0003).

Conclusion
In relatively young patients with end-stage knee osteoarthritis, KJD did not demonstrate 
inferiority of outcomes at one year when compared with TKA. However, there is a high 
incidence of pin track infection associated with KJD.

Cite this article: Bone Joint J 2017;99-B:51–8.

In end-stage osteoarthritis (OA) of the knee a
total knee arthroplasty (TKA) is generally indi-
cated.1 This intervention for OA was first per-
formed in the 1970s and is now generally
regarded as standard treatment.1,2 However,
joint arthroplasty is not without drawbacks,
with up to 20% of patients dissatisfied with
their TKA and up to 44% reporting continuing
pain, a third of whom reported extreme persis-
tent pain in one study.3-6 Patients younger than
55 years have an almost fivefold increase in the
lifetime risk of revision surgery compared with
those aged 75 years or older.7 One of the main
reasons for this is aseptic loosening, a charac-
teristic of implant wear, which is responsible
for more than 30% of revisions.7,8 Since wear
increases with both time and activity, a young
patient with relatively higher functional
demands of the implant can experience signifi-
cantly more wear than their older, more seden-
tary counterparts. In addition, with 40% of

TKAs performed in patients aged under 65
years, a burden of revision arthroplasty may
well be generated.9-10

On this basis, joint-preserving surgery is an
attractive option, but arthroscopic debride-
ment, one of the most popular forms, is
becoming less supported by modern evi-
dence.11,12 Osteotomies have a place in uni-
compartmental disease and the KineSpring
(Moximed Inc., Hayward, California) has
recently been introduced for medial compart-
ment disease, although long-term evidence of
its efficacy is yet to become available.13,14

Knee joint distraction (KJD) has been pro-
posed as a temporising technique for sympto-
matic, arthritic knees in younger patients and
comprises a six- to eight-week period of dis-
traction of the knee by means of an external
fixator. A prospective, uncontrolled study of
20 patients aged below 60 years at five-year
follow-up reported clinical improvement and
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evidence of cartilage repair. If these results were to be gen-
erally applicable, the possibility arises of delaying the
requirement of TKA in young patients.15-18

This study is a randomised controlled trial comparing
outcomes of KJD with TKA at one year.

Patients and Methods
This study was conducted in two centres between 2011 and
2014. Randomisation was conducted in a 2:1 ratio in favour
of TKA in blocks of six by a sealed envelope method. The
ratio was a condition of the institutional review board’s
favourable opinion. Group size calculation was based on a
non-inferiority hypothesis. The sample size was based on
non-inferiority in the primary outcome measure, the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC),19 with a 5% type I error, and with a power of
80%.20 A 15% margin was allowed for loss to follow-up. A
difference in WOMAC score of more than 15 points (stand-
ard deviation (SD) 16.7) compared with the TKA group was
considered clinically relevant.21 This resulted in group sizes
of 40 patients for TKA and 20 for KJD. Neither patient nor
surgeon was blinded to treatment.

Inclusion criteria were OA of the knee and eligibility for
TKA according to routine standard of care, age ≤ 65 years,
functionally intact knee ligaments, ≥ 120° flexion at the
knee and body mass index (BMI) < 35 kg/m2. Patients with
primary patellofemoral OA were excluded, as were those
with a history of inflammatory or septic arthritis, inability
to tolerate external fixation, an already ankylosed knee,
post-traumatic fibrosis due to a fracture of the tibial pla-
teau, previous surgery on the same knee within the past six
months, or previous joint arthroplasties. The study was
granted ethical approval (No 10/359/E) and was registered
on the Netherlands National Trial Register (NTR2809).
All patients provided written informed consent before
enrolment.

All surgery was performed by one of three surgeons
(RJvH, SS or PJE). Knee arthroplasty was performed using
the Genesis II posterior stabilised system (Smith &
Nephew, Warsaw, Indiana) with fixation using GentaPala-
cos cement (Heraeus, Hanau, Germany). Routine post-
operative rehabilitation and venous thrombo-embolism
prophylaxis was provided. Distraction surgery was per-
formed using the Triax proof-of-concept external distrac-
tion device (Stryker, Kalamazoo, Michigan), based around
two tubes with internal 45 kg springs (Fig. 1). Eight fixa-
tion pins were used to provide two points of fixation for
each tube, each side of the knee. The knee was distracted by
2 mm intra-operatively and distracted a further 1 mm
during the following three days, achieving total distraction
of 5 mm. This was verified radiologically on post-operative
day four and patients were then discharged on crutches. Ini-
tially patients were permitted to transmit up to 20% body
weight through the operated limb, which increased to full
weight bearing within six weeks. Radiological evaluation
of the distraction and clinical assessment of the pin sites
was made at three weeks post-operatively in the outpatient
clinic. The fixator was removed at six weeks. Patients were
prescribed low molecular weight heparin for the duration
of fixation and for three weeks thereafter.

A total of 60 patients were recruited to the study, with
four withdrawing consent once randomised to TKA, leav-
ing a population of 56 patients (Fig. 2). The demographic
characteristics of the participants are given in Table I.22

Initial baseline scores were taken at randomisation, and
again the day before surgery. Questionnaires were further
completed at three, six, nine and 12 months post-
operatively.

The WOMAC and knee injury and osteoarthritis out-
come score (KOOS)23 were used to score clinical improve-
ment, normalised to a 100-point scale with 100 being the
best condition possible. The intermittent and constant
osteoarthritis pain score (ICOAP)24 for the knee was the
secondary clinical outcome parameter (0 to 100, 0 repre-
senting no pain). A visual analogue scale for pain (VAS-
pain; 0 mm to 100 mm, 0 representing no pain and 100
severe pain) was the tertiary clinical outcome parameter.
The EuroQol (EQ)-5D-3L25 was used to assess improve-
ment of quality of life. The obtained questionnaire was
transformed to an EQ-5D index score (0 to 1, 1 being best).
The Short Form (SF)-36 health survey26 was used to meas-
ure the health status of the patients. The SF-36 items were
converted to physical (PCS) and mental (MCS) component
summary scores. At baseline, three, six, nine and 12 months
the KOOS/WOMAC, ICOAP, EQ-5D-3L and VAS-pain
were recorded. At baseline, six, and 12 months the SF-36
was recorded.

Radiographs of the KJD group were obtained at baseline
and 12 months post-operatively. The knee images were
standardised weight-bearing, semi-flexed (7º to 10º flexion)
posterior-anterior views with a reference aluminum step
wedge close to the knee within the field of exposure. Images

Fig. 1

Example of the bilateral external fixation frame used for knee joint dis-
traction treatment (left) and an example of a radiograph (right) during
distraction treatment with 5 mm of distraction.
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were evaluated using knee images digital analyses software
(Image Sciences Institute, Utrecht, The Netherlands) to
derive mean and minimum joint space width (JSW) of the
knee, by a single individual blinded to the identity of the
participant.27

Statistical analysis. Two-sided paired t-tests were used to
evaluate within-group change between follow-up and base-
line scores. Between-group change was evaluated using
two-sided independent-samples t-tests. A p-value < 0.05
was considered statistically significant. SPSS v.22 software
(IBM, Armonk, New York) was used to perform statistical
analyses.

Results
The mean follow-up of the TKA group was 12 months, and
was also 12 months for the KJD group. One patient in the
KJD group continued to have disabling pain and functional
impairment and elected to undergo TKA within one year of

surgery, with their scores at the last KJD follow-up used for
last observation carried forward completion of the dataset.
Clinical outcome. An improvement in WOMAC score was
seen in both groups, with a mean increase of 30 points
(SD 17) in the KJD group (p < 0.001) and 36 (SD 19) in the
TKA group (p < 0.001) (Fig. 3). The WOMAC subscales
for pain, stiffness, and function showed a similar trend
(Table II). At an individual level, 16 patients (80%) in the
KJD group and 30 (83%) in the TKA group could be des-
ignated as clinical responders by the Outcome Measures in
Rheumatology-Osteoarthritis Research Society Interna-
tional responder criteria,28 defined as an increase of > 50%
in WOMAC pain or function scales with > 20 points of
improvement in either category, or an increase of > 20% of
WOMAC pain and function scales with a ten-point
improvement in each.28 The change in total WOMAC score
between baseline and one year follow-up was not signifi-
cantly different between groups (p = 0.273) (Fig. 3).

Enrolment

Randomisation

- Randomisation rate
  2:1 (TKA:KJD)
- Stratified in blocks
  of 6

Allocation

- Allocated to intervention TKA (n = 40)
- Received allocated intervention (n = 36)
                   - At  MKW (n = 30
                   - At MUMC (n = 6)
- Not received allocated intervention (n = 4)
  Reason: withdrawal after inclusion

- Allocated to intervention KJD (n = 20)
- Received allocated intervention (n = 20)
                   - At MKW (n = 17)
                   - At MUMC (n = 3)
- Not received allocated intervention (n = 0)

Follow-up

- Loss to follow-up at 1 yr (n = 0) - Loss to follow-up at 1 yr (n = 0)

Analysis

- Analysed clinical outcome (n = 36) - Analysed clinical outcome (n = 20)
- Analysed structural outcome (n = 17)
Reason: refused radiograph (n = 1)
 underwent TKA (n = 1)
 poor image quality (n = 1)

Fig. 2

Flowchart showing the numbers of excluded patients, as well as allocation of the randomised treatment and the
analysed patients per treatment arm (TKA, total knee arthroplasty; KJD, knee joint distraction; MKW, Maarten-
skliniek Woerden; MUMC, Maastricht University Medical Center).
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The total KOOS improved significantly from baseline at
one year in both treatment groups (p < 0.001) but was not
significantly different between groups (p = 0.065) (Fig. 4). 

The five subscales of the KOOS all improved signifi-
cantly over baseline at one year (p < 0.001) (Table II). Sim-
ilar results were seen for the ICOAP, the SF-36 PCS, the
VAS-pain score and the EQ-5D (Table II). The TKA group
alone showed significant mean change in the KOOS quality
of life subscale (p = 0.021) (Table II).

Knee flexion in the KJD group initially fell before return-
ing to baseline (125°) by six months. In the TKA group,
there was a decline of 4° from 124° at baseline to 120° at
one year (p = 0.013) (Fig. 5).

A total of 18 patients in the KJD group had radiographs
available at baseline and one year, as one went on to undergo
TKA and one refused imaging. One patient’s radiographs
were of insufficient quality for analysis. In the remaining 17
patients, the mean JSW of the most affected compartment

Table I. Baseline characteristics22

Mean (SEM) TKA KJD

(n = 36) (n = 20)
Male gender (n, %) 13/36 (36) 9/20 (45)
Height (cm) 173 (1.7) 175 (2.2)
Weight (kg) 88.3 (2.3) 83.9 (3.6)
Body mass index (kg/m2) 29.4 (0.6) 27.4 (0.9)
Affected knee (left) (%) 17/36 (47) 6/20 (30)
Age at surgery (yrs) 55.2 (1.0) 54.9 (1.8)
Kellgren-Lawrence grade22 (median) 3 4
 Grade 0 (n, %) 0 (0) 0 (0)
 Grade 1 (n, %) 0 (0) 0 (0)
 Grade 2 (n, %) 9 (25) 1 (5)
 Grade 3 (n, %) 21 (58) 8 (40)
 Grade 4 (n, %) 6 (17) 11 (55)
Previous surgery
Operation (n)
Anterior cruciate ligament reconstruction (n) 5 3
 High tibial osteotomy (n) 4 4
 Arthroscopy: 17 13
 Partial meniscectomy (n) 4 7
 Arthroscopic joint lavage (n) 13 6
 Open meniscectomy (n) 7 6
 Perichondriumplasty (n) 1 0

SEM, standard error of the mean; TKA, total knee arthroplasty; KJD, knee joint distraction
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Fig. 3

Western Ontario and McMaster Universities Osteoarthritis index (WOMAC) total score. Dotted
line (left) represents the knee joint distraction (KJD) group (n = 20), solid line represents the total
knee arthroplasty (TKA) group (n = 36). Mean values and standard error of the mean are shown.
The p-values show statistical difference byt-testing of values at one-year follow-up compared
with pre-treatment values. Mean change of WOMAC total score (right). For both groups (mean:
dash) and for every individual patient (squares), no statistical significant difference in clinical
efficacy was observed
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increased significantly from 1.9 mm (SD 2.1) towards 3.2
mm (SD 2.1) at one year (p < 0.001). In line with this, the
minimum JSW increased 0.9 mm (SD 1.1), from 0.6 mm
(SD 1.2) at baseline to 1.5 mm (SD 1.1) at one year (p = 0.004)
(Fig. 6). The mean JSW of the least affected compartment
increased from 7.1 mm (SD 2.0) towards 7.4 mm (SD 2.1) at
one year (p = 0.422).

In the KJD group 12 patients (60%) had single or
multiple pin site infections, ten of which were treated with
oral antibiotics. One patient was admitted to hospital
shortly after removal of the frame for intravenous

antibiotics, due to a Staphylococcus aureus sepsis diag-
nosed from blood culture. One other patient demonstrated
a pyrexia of unknown origin after removal of the frame,
and was also prescribed intravenous antibiotics. One
patient in the KJD group exhibited a post-operative foot
drop, successfully treated with an ankle-foot orthosis.

Five patients in the TKA group experienced post-
operative stiffness and required manipulation under anaes-
thesia. One patient had a myocardial infarction six days
post-operatively and was treated by percutaneous coronary
intervention and subsequent pacemaker implantation.

Table II. Knee injury and osteoarthritis outcome score (KOOS), Western Ontario and McMaster Universities Osteoarthritis index (WOMAC), intermit-
tent and constant osteoarthritis pain score (ICOAP), visual analogue score (VAS), EuroQol (EQ)-5D and Short Form (SF)-36 scores pre- and post-
operatively

n Total knee arthroplasty Knee joint distraction

Score (SD) Baseline 12 mths Change Baseline 12 mths Change

KOOS (0 to 100) Pain 42 (14) 82 (17)* 40 (23) 43 (11) 74 (21)* 31 (19)
Symptoms 45 (16) 75 (15)* 30 (19) 45 (15) 68 (20)* 23 (17)
ADL 47 (12) 84 (15)* 36 (18) 51 (11) 81 (16)* 30 (16)
Sport/Rec 20 (13) 61 (27)* 42 (28) 22 (16) 52 (31)* 30 (27)
QOL 27 (13) 67 (23)*† 39 (25) 28 (11) 51 (24)* 23 (24)
Total 36 (12) 74 (17)* 37 (20) 38 (9) 65 (20)* 27 (18)

WOMAC (0 to 100) Pain 46 (16) 85 (15)* 39 (22) 48 (13) 80 (20)* 32 (20)
Stiffness 45 (20) 71 (23)* 26 (28) 38 (16) 67 (29)* 29 (25)
Function 47 (12) 84 (15)* 36 (18) 51 (11) 81 (16)* 30 (16)
Total 47 (13) 83 (16)* 36 (19) 49 (11) 80 (18)* 30 (17)

ICOAP (100 to 0) Constant 55 (21) 12 (16)* -43 (27) 46 (18) 12 (14)* -34 (23) 
Intermittentnt 55 (17) 16 (16)* -40 (22) 47 (15) 17 (14)* -30 (21)
Combined 55 (18) 14 (16)* -41 (24) 46 (16) 15 (13)* -32 (21)

VAS (0 to 100) Pain 71 (17) 18 (19)* -53 (28) 65 (19) 28 (26)* -36 (2)
EQ-5D (0 to 1) Index score 0.52 (0.3) 0.87 (0.1)* 0.35 (0.3) 0.58 (0.3) 0.76 (0.3)* 0.18 (0.3)
SF-36 PCS 32 (7) 47 (9)* 15 (10) 33 (9) 44 (10)* 11 (8)

MCS 54 (10) 53 (10) -1 (13) 54 (8) 53 (8) -1 (11)
Mean flexion (°) Knee 124 (7) 120 (11)* -5 (11) 122 (9) 125 (9) 2 (11) †

* change within group significant at the p < 0.05 level
† change between groups significant at the p < 0.05 level 
SD, standard deviation; ADL, activities of daily life; QOL, quality of life; PCS, physical component score; MCS, mental component score
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Fig. 4

Knee injury and osteoarthritis outcome score (KOOS) total. Dotted line (left) represents the knee
joint distraction (KJD) group (n = 20), solid line represents the total knee arthroplasty (TKA)
group (n = 36). Mean values and standard error of the mean are shown. The p-values show sta-
tistical difference byt-testing of values at one-year follow-up compared with pre-treatment val-
ues. # indicates a significant difference between TKA and KJD. Mean change of KOOS total score
(right). For both groups (mean: dash) and for every individual patient (squares); no statistical
significant difference in clinical efficacy was observed.
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Discussion
This study demonstrates equivalence of clinical efficacy
between KJD and TKA in the short-term. In both groups,
all patient reported outcome measures improved signifi-
cantly. Only one, KOOS subscale quality of life, showed
significantly greater improvements in the TKA group than
in KJD. Recovery of flexion was better in KJD than TKA.

This is the first randomised study to compare KJD with
TKA. In one prospective uncontrolled study, 20 patients eli-
gible for TKA underwent KJD for eight weeks.15-17 The
results at one year were comparable with this study; the
marginally increased outcome scores in this study may
relate to a lower mean BMI in our cohort.29

A number of studies of the outcome of TKA have
employed the same outcome measures as this study, with
comparable outcomes at one year.4,30,31 

Though we saw fewer pin site infections in this study
than in the previous one, not least due to diligent patient
and staff education, the rate remained high and two septi-
caemic events occurred.33,33 Pin site infection rates of 27%
and deep infection rates of 16% have been reported in lit-
erature, with 4% developing chronic osteomyelitis.34,35

Our deep infection rate was, therefore, comparable. Possi-
ble reasons for this include weight-bearing, high patient
mobility and peri-articular placement, all suggested in the
literature to play a part in pin site infection.36 This under-
lines the paramount importance of meticulous pin insertion
and site care.37 Coated pins may inhibit biofilm formation,
thus reducing these infections, and newer devices and tech-
niques are under development.38,39

Consideration must also be given to the risk of deep infec-
tion in the context of a joint which will likely go on to require
arthroplasty. For this reason, we sited all pins well away
from the synovial cavity of the joint.18 Registry follow-up of
participants in a prospective study showed that three
patients underwent TKA within five years of KJD, experienc-
ing no prosthetic joint infection and gaining equivalent out-
comes to their non-KJD counterparts. The patient from the
current study who received a TKA six months after KJD did
not demonstrate any problems. As reported elsewhere, this
patient had an abnormal posterior slope and should not have
been considered eligible for inclusion on this basis.40

Our study has its limitations. We did not include sham
surgery or placebo control group. As well as ethical and
logistic implications, they have themselves been shown to
exhibit a placebo effect.41 Findings in this study may thus
overestimate effects of both surgical treatments. We also
included some patients with isolated, primarily medial
compartment disease; a more valid question in these
patients may have been how KJD compared with unicom-
partmental knee arthroplasty.

Another limitation is the small follow-up. Previous stud-
ies describe 80% five-year and 65% ten-year survival and
so our results should be taken in this context.17,18 One
might speculate whether patients for whom KJD was con-
sidered initially successful, but experienced a gradual recur-
rence of symptoms, would benefit from repetition of the
treatment.

Our sample size assumed a relatively large effect size and
hence, should it have been smaller, the study may have been
underpowered to detect it. In addition, despite the recruit-
ment of patients deemed to have end-stage arthritis, our
randomisation process was compromised by four patients
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Overview of knee flexion. Dotted line represents the knee joint distrac-
tion (KJD) group (n = 20), solid line represents the total knee arthroplasty
(TKA) group (n = 36). Mean values and standard error of the mean are
given. For the TKA group flexion was still significantly reduced
compared with pre-treatment values, which was not observed for KJD.
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The left panel shows representative standardised weight-bearing radio-
graphs of a representative patient at baseline (upper radiograph) and
one year after treatment (lower radiograph). The right panel shows the
mean and minimum joint space width (JSW) on weight-bearing radio-
graphs of the most affected compartment (MAC) of the knee joint dis-
traction (KJD) group (n = 17). Mean values and standard error of the
mean are given. The p-values show statistical difference by t-testing of
values compared with pre-treatment values.
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who refused to accept TKA, after they had been assigned to
that half of the trial.

We found that in relatively young patients with knee
osteoarthritis who may otherwise undergo TKA, KJD
offers comparable clinical benefit at one year but comes at
the expense of superficial and deep infective complications.
The long-term benefit of KJD is still to be determined fur-
ther. As KJD preserves the knee joint, it represents a prom-
ising therapeutic option in postponing a first TKA
potentially preventing revision surgery later in life.

Take home message: 
- KJD offers comparable clinical benefit at one year, in rela-

tively young patients with knee osteoarthritis who may other-

wise undergo TKA 

- As KJD preserves the knee joint, it represents a promising therapeutic

option in postponing a first TKA, potentially preventing revision surgery

later in life.

Supplementary material
A table showing the patient reported outcome meas-
ures scores for three, six and nine months after treat-

ment can be found alongside the online version of this
paper at http://www.bjj.boneandjoint.org.uk
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