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Introduction: Knee osteoarthritis is a major cause of pain and disability for which joint
distraction is a potential treatment to delay the need for knee arthroplasty. This systematic
review aims to assess the short- and long-term clinical and structural outcomes following
knee joint distraction (KJD).

Methods: MEDLINE, EMBASE, Scopus, and Web of Science databases were searched
from the date of inception to 26th June 2019. Clinical studies investigating joint distraction
for knee osteoarthritis with outcomes including AWOMAC index, AVAS pain score, and
Ajoint space width were included. The review protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO) — CRD42018087032.

Results: Nine studies comprising a total of 507 patients were included. There were four
randomized controlled trials (RCTs), five open prospective cohort studies, and one case series.
Overall, there were significant improvements in WOMAC index, VAS pain score and joint
space width following KJD, which persisted up to 9 years. KID also demonstrated comparable
clinical outcomes with high tibial osteotomy and total knee arthroplasty.

Conclusion: There is moderate quality evidence supporting the beneficial outcomes of joint
distraction for knee osteoarthritis. Larger RCTs with longer follow-up (>1 year) are neces-
sary to establish the true effect size of this procedure.

Keywords: osteoarthritis, knee joint distraction, total knee arthroplasty, high tibial

osteotomy, clinical outcomes, structural outcomes

Introduction
Osteoarthritis is the most prevalent chronic joint condition worldwide, affecting 10%
of the individuals over the age of 60 years.' This disorder is characterized by articular
cartilage destruction, synovial membrane inflammation, and subchondral bone
remodeling.” Knee osteoarthritis forms the largest proportion of all cases of osteoar-
thritis, causing significant pain and disability.® Treatment aims to alleviate pain and
stiffness as well as maintain function, with current consensus guidelines recommend-
ing the use of a combination of conservative measures including physical therapy,
analgesia, and surgical interventions such as arthroplasty.' Nonetheless, there remains
a lack of treatments available that are effective at stopping or reversing this disease.”
Knee arthroplasty is effective in the treatment of osteoarthritis in patients in
whom optimal conservative treatment is inadequate. Consequently, there has been a
rise in the number of procedures performed annually, with over 40% of all
procedures and 44% of the revisions performed in individuals under the age of
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65 years.” However, there is a higher risk of failure in
younger patients as a result of higher functional demands.®
The lifetime risk of revision surgery in men in their early
50s is estimated at 35%, with a median time to revision
surgery of 4.08 years.” In recent years, joint distraction has
emerged as a potential treatment of knee osteoarthritis to
delay knee arthroplasty. This surgical procedure aims to
temporarily unload the joint cartilage by eliminating con-
tact between the joint surfaces.®

Joint distraction has been utilized in the treatment of
osteoarthritis of a variety of joints including the ankle, hip,
and hand, with favorable outcomes.” '* Studies focusing
on knee joint distraction (KJD) in stopping and potentially
reversing joint degeneration to delay knee arthroplasty in
young patients have shown promise.'*'® However, it has
been postulated that joint distraction could be detrimental
to patients with osteoarthritis, as immobilization promotes
cartilage degeneration.?’ The evidence-base behind the use
of this procedure remains limited by a small number of
publications on the topic.

The aim of this systematic review is to assess the short-
and long-term outcomes following KJD and compare this
with currently available treatment modalities.

Methods

Literature search methods, inclusion and exclusion criteria,
outcome measures, and statistical analysis were defined
according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses guidelines. Ethical approval was
not required as patients were not involved in the conception,
design, analysis, drafting, interpretation, or revision of this
research. The review protocol was registered with the
International Prospective Register of Systematic Reviews
(PROSPERO) — CRD42018087032 and published.”!

Electronic search

The following databases were searched: (a) MEDLINE in-
process and other non-indexed citations (latest issue) via
OvidSP, last search on 26th June 2019; (b) Ovid EMBASE
(1974 to latest issue), last search 26th June 2019; and (c)
Scopus, last search 26th June 2019; (d) Web of Science,
last search 26th June 2019. Search terms used three
strings, which were then linked by an AND modifier.
The first string included: osteoarthritis OR osteoarthrosis
OR degenerative joint disease; the second string: joint
distraction; and the third string: knee. The search was
broadened with the use of truncated search terms utilizing
the wildcard character and the “related articles” function.

Additionally, the references of included articles were
hand-searched to identify any additional studies.

Study selection

All clinical studies investigating the use of joint distraction
as a treatment for knee osteoarthritis were selected.
Additionally, all included studies met the following cri-
teria: (a) radiographic signs of joint damage and primarily
tibiofemoral osteoarthritis; (b) no history of inflammatory
or septic arthritis; (c) patients were under the age of 65
years; (d) valgus/varus malalignment of less than 10°; (e)
reporting of at least the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), Visual
Analogue Scale (VAS), or joint space width (JSW) of the
most affected compartment assessed as outcome measures
of the effect of the treatment; and (f) full-length article
published. Non-human studies, experimental trials, review
articles, editorials, letters, conference

case reports,

abstracts, and unpublished studies were excluded.

Outcome measures

Outcomes assessed were: AWOMAC index, AVAS pain
score, and AJSW of the most affected compartment. Other
additional outcomes reported were also reviewed.

Data extraction

Two independent reviewers (E.L.G and S.C.) screened all
the titles and abstracts for inclusion, both of whom were
blinded to authors, journals, institutional affiliations, and
dates of publication. Both reviewers evaluated each
selected reference independently and summarized relevant
study characteristics. In case of disagreement, a consen-
sual decision between the two reviewers under involve-
ment of a third independent reviewer (S.M.) was reached.
The following data items were extracted: the year of pub-
lication, study design, sample size, country of study, type
of patients, patient characteristics, outcome measures, and
conclusions. Authors of the original publications were
contacted in the event of insufficient data, but this was
not the case in this analysis. Data were entered into
Review Manager 5.3 (Cochrane Collaboration, Oxford,
United Kingdom).

Quality assessment and risk of bias

The quality of the studies was assessed using the Modified
Coleman Methodology Score. The risk of bias was eval-
uated using the Newcastle-Ottawa Scale (NOS) for
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observational studies and Cochrane Collaboration tool for

randomized controlled trials (RCTs).?*?*

Data synthesis and analysis

Descriptive statistics were calculated for variables of inter-
est. Continuous measures were summarized with the use
of means and standard deviations, while categorical data
were summarized with the use of counts and percentages.

Results

Study characteristics

Nine studies comprising of four RCTs, five prospective
cohort studies, and one case series published between
2007 and 2019 were included in this systematic review
(Figure 1) (Table 1)."*'92426 The sample size of each
study ranged from 6 to 138, giving rise to a total of 507
patients. The outcomes reported in four studies were based
on follow-up of the same cohort of patients at 12, 24, 60,
and 108 months.'>'®'® One study reported outcomes of
two previous studies at 24 months.*® Patients under the
age of 65 years underwent KJD following referral by an
orthopedic surgeon, which was based on clinical examina-
tion (VAS for pain of >60 mm) and radiographic examina-
tion (primarily tibiofemoral cartilage tissue loss). All but
one study utilized the distraction method proposed by
Intema et al.'*'> Three studies used 6 weeks of continuous
distraction, one study used 8 12 weeks of continuous
distraction and four studies used 8 weeks of intermittent
distraction. One of the studies compared 6 weeks of con-
tinuous distraction with 8 weeks of intermittent
distraction.!” There were two RCTs, one of which com-
pared KJD with total knee arthroplasty (TKA), and the
other which compared KJD with high tibial osteotomy
(HTO). 2425

Quality assessment and risk of bias of

included studies

The Modified Coleman Methodology Score was used to
assess the quality of included studies (Table 2). The mean
score for all included studies was 82.8 out of 100, with all
studies scoring between 66 and 89. The areas identified as
methodologically weak included study size, sampling and
observational bias, and duration of follow-up. Four obser-
vational studies had a NOS score of 8/9, which was due to
the lack comparison group, while one of the studies had a
score of 9/9. Meanwhile, both RCTs were found to be at a
high risk of performance and detector bias due to lack of

blinding which is inherent to the nature of this treatment
(Figure 2).

AWOMAC index

Four studies reported on follow-up data of 20 patients who
underwent KJID up to 9 years (Table 3).'>!¢1%19 Al
patients reported a significant clinical improvement from
baseline, which persisted for the 9-year period. This was
noted by an increase in the WOMAC index from a base-
line of 45—77 points (71%) at 1-year follow-up, 78 points
(74%) at 2-year follow-up, 66 points (47%) at 5-year
follow-up, and 75 points (67%). One RCT compared the
outcomes following KID and TKA in 56 patients.>>°
There significant improvements in the WOMAC index
reported in both groups at 1-year follow-up with a rise of
30 points (60%) from a baseline of 50 points in the KJD
group and 36 points (78%) from a baseline of 46 points in
the TKA group. These persisted at 2-year follow-up at 29
points (58%) above baseline in the KJD group and 42
points (91%) above baseline in the TKA group. No sig-
nificant difference was noted in change in the WOMAC
index between the two groups at one and 2 years.

The outcomes following KJD and HTO were compared
69 patients in another RCT.***® In this study, the
WOMAC index increased by 22 points (41%) from a
baseline of 54 points in the KJD group and 38 points
(73%) from a baseline of 52 points in the HTO group
after 1 year, both of which were statistically significant.
At 2 years, these changes were maintained at 25 points
(46%) higher than the baseline in the KJD group and 29
points (55.6%) higher than baseline in the HTO group.
There was no significant difference in the change in the
WOMAC index between the KJD and HTO groups.
Comparison of 8 weeks of intermittent distraction with 6
weeks of continuous distraction demonstrated a compar-
able increase in the WOMAC index of 24 points (57%)
from a baseline of 42 points in the former and 32 points
(62%) from a baseline of 52 points in the latter.'” Both
changes were statistically significant.

AVAS pain score

Significant improvements in the VAS pain scores were
observed following KJD, which were sustained up to 9
years (Table 3).!>1618 At 1-year follow-up following KJD,
there was a decrease in the VAS pain score by 42 mm
(58%) from a baseline of 73 mm, which was sustained at
2-year follow-up, where the VAS pain score was 45 mm
(61%) lower than the baseline. Compared to the baseline,

Orthopedic Research and Reviews 2019:1 1

submit your manuscript 81

Dove


http://www.dovepress.com
http://www.dovepress.com

Goh et al

Dove

Number of records identified through
database searching (n = 172)

Number of records after duplicates
removed (n = 131)

A,

Number of records screened (n = 131)

Number of records excluded (n = 112)

Number full text articles assessed for

Number of full text articles excluded
with reasons (n = 10)

eligibility (n = 19)

A,

Number of studies included (n = 9)

Figure | Flow diagram illustrating screening and selection process.

the VAS pain score was 28 mm (38%) lower at 5-year
follow-up and 47 mm (64%) lower at 9-year follow-up. In
the case series, there was a significant improvement in the
VAS pain score of 50 mm (56%) from a baseline of 90—40
mm.'* In the RCT comparing KJD with TKA, a significant
decrease in the VAS pain score of 53 mm (75%) from a
baseline of 71 mm was reported after 1 year in the KID
group.” A significant, albeit marginally smaller decrease of
36 mm (55%) from a baseline of 65 mm was noted in the
TKA group. There was no statistical difference in the AVAS
pain score between both groups. After 2 years, the VAS
pain score was 32 mm (45%) lower than baseline in the
KJD group and 56 mm (86%) lower than baseline in the
TKA group. This difference was statistically significant.

In the RCT comparing KJD with HTO, there was a
significant reduction in VAS pain score of 19 mm (35%)
from a baseline of 55 mm at 1 year.”* HTO was associated
with a significant reduction in VAS pain score of 38 mm
(58%) from a baseline of 65 mm. A statistically significant
difference was present between both groups. At 2 years,
the VAS pain score was 21 mm (39%) below baseline in
the KJD group and 39 mm (59%) below baseline in the
HTO group. No statistical difference was found between
the two groups. Following 8 weeks of intermittent distrac-
tion, the VAS pain score decreased significantly by 43 mm
(58%) from a baseline of 74 mm after 1 year of follow-up.
In contrast, there was a significant decrease of 23 mm
(38%) from a baseline of 60 mm after 6 weeks of

* Different outcome (n = 8)
*  Protocol (n=1)
* Non-human (n=1)

continuous distraction.!” The difference between the two
groups was statistically significant after 1 year.

AJSW of the most affected compartment
There was a significant increase of 0.9 mm (33%) from a
baseline of 2.7 mm in the JSW of the most affected compart-
ment at 1-year follow-up (Table 4). At 2-, 5-, and 7-years
follow-up, the JISW was 0.5 mm (19%), 0.3 mm (11%), and
0.3 mm (11%) greater than at the baseline, although these
were not statistically significant.'>!'*'®!? In the RCT com-
paring KJD to TKA, a significant increase of 1.3 mm (68%)
in the JSW of the most affected compartment was noted 1
year after KID.?® This was maintained after 2 years at 1.0
mm (59%) above baseline.?® In the case series, there was a
significant increase of 1.1 mm (275%) from a baseline of 0.4
mm in the JSW of the most affected compartment.'*

In the RCT comparing KJD to HTO, KJD was asso-
ciated with a significant increase in JSW of 0.8 mm (40%)
at 1 year, which persisted at 2 years.”**® In contrast, the
HTO group demonstrated a smaller, albeit statistically
significant increase of 0.4 mm (20%). After 2 years, the
JSW in the HTO group was 0.6 mm (30%) above baseline.
There was no significant difference between the change in
JSW between the two groups. There were significant
increases in the JSW after 8 and 6 weeks of distraction
0of 0.9 mm (35%) and 1.1 mm (61%) respectively, although
no difference was present between the two groups.
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Table 2 Quality assessment using Modified Coleman Methodology
Score and Newcastle-Ottawa Scale

Study Modified Coleman | Newcastle-
Methodology Ottawa
Score Scale

Deie et al (2007)"* 66 -

Intema et al (2011)*"® 80 8/9

Wiegant et al (2013)>'® 80 8/9

van der Woude et al 84 9/9

(2016)"7

van der Woude et al 89 -

(201 6)b,24

van der Woude et al 83 8/9

(2017)>'®

van der Woude et al 89 -

(20|7)b.25

Jansen et al (2018)>'? 85 8/9

Jansen et al (2019)>2 89 -

Notes: *Publication of the same study at 12, 24, 60, and 108 months; *Publication
of the same study at 12 and 24 months.

Complications

Pin-tract infections were the most frequently reported
complication associated with KJD in all studies. Two
(10%) cases of pulmonary embolism were documented in
the KJD group. There were two (4.4%) cases of post-
operative wound infection following HTO. TKA was asso-
ciated with five (12.5%) cases of postoperative stiffness
and one (2.5%) case of myocardial infarction.

Incomplete outcome data (attrition bias)

+ | Random sequence generation (Selection bias)
+ | Allocation concealment (Selection bias)
+ | Selective reporting (reporting bias)

Discussion

The present systematic review provides a summary of the
short-term outcomes of KJD compared to TKA and HTO
as well as the long-term outcomes up to 9 years. In this
review, the clinical and structural benefits of KJD were
sustained till 9 years. KJD demonstrated similar outcomes
with current surgical techniques such as TKA and HTO for
the treatment of knee osteoarthritis. The KJD group
demonstrated greater increase in JSW at 1 year although
the HTO group experienced greater improvements in clin-
ical outcomes, thereby suggesting lack of correlation
In the Bristol
‘OA500" study, Dieppe and colleagues followed-up 415

between JSW and clinical outcome.

patients with osteoarthritis over 3 years, to monitor disease
progression.?” The authors reported no correlation between
structural joint changes and clinical outcome after 3 years.

Based on these findings, it is evident that KJD is
slightly less effective than TKA in restoring function in
the short term. Unlike TKA, KJD unloads the cartilage
temporarily and this may have important implications on
patient choice. van der Woude et al, note that patients were
able to work during the distraction period, with most of
them indicating that they would undergo the procedure
again.”* It must be emphasized that there are different
indications for each procedure; TKA is advocated in
patients with loss of the native joint and demonstrates
better results at older age, while HTO is typically

Random sequence generation (Selection bias) [ ]

Allocation concealment (Selection bias) | |

Blinding of participanrts and personnel (performance bias) || N N R R NN

® | ® | ® | Blinding of participanrts and personnel (performance bias)

® | ® | ® [Biinding of outcome assessment (detection bias)

8 Blinding of outcome assessment (detection bias) _

E Incomplete outcome data (attrition bias) | |

o Selective reporting (reporting bias) |

Jansen et al. 2019 + + Other bias | |

Van der woude et al. 2016 | (% | & P @ ® :O% 25|% 50% 7=S% 100°/=o
Van der woude et al. 2017 | @ | 2 P e @ | O Low risk of bias [Junclear risk of bias [l High risk of bias

Figure 2 Cochrane Collaboration tool assessing risk of bias.
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performed in patients with unilateral osteoarthritis with leg
axis deviation. Thus, KJID may prove to be a viable alter-
native in certain groups of patients by enabling all subse-
quent surgeries.

Three complications have been reported following
KJD, of which pin-tract infections are the most common.
These infections have a predilection for the femur, where
the thick soft tissue layer allows pin mobility, thereby
increasing the risk of infection.”®*° However, oral anti-
biotic therapy with flucloxacillin has been shown to be
successful in treating these infections, and no cases of
osteomyelitis have been documented.'® Pulmonary embo-
lism was reported in a proportion of patients, which
although non-fatal, necessitated anti-coagulant therapy
for 6 months. Finally, one patient experienced limited
flexion range following removal of the external fixator
but this resolved within 1 year.'® Pin-tract infections asso-
ciated with the external fixator remain a challenge in the
implementation of KJD in clinical practice. These infec-
tions potentially complicate secondary prosthesis surgery
although no such cases have been reported in the studies.**
Furthermore, Wiegant and colleagues present data support-
ing the safety of TKA following KJD.*' Nonetheless,
these patients need close prospective monitoring and fol-
low-up during the distraction period to ensure early iden-
tification and treatment of infection.

A mechanical component is likely involved in the
underlying mechanism. Kajiwara and colleagues
showed subchondral drilling, joint motion and distrac-
tion were associated with cartilage regeneration in
rabbits.’> Additionally, Wiegant et al, postulate that
intermittent fluid pressure changes during loading and
unloading of the distracted joint may stimulate carti-
lage repair in their canine model.*> The downstream
effects of joint distraction at the molecular level are
currently being investigated further. Chen et al, showed
that rats treated with KJD displayed less
osteoarthritic lesions,

severe
significantly lower levels of
interleukin-18 and fewer chondrocytes positive for
type X collagen and matrix metalloproteinase 13,
thereby suggesting reduced inflammation and cartilage
destruction following joint distraction.’® Meanwhile, a
recent study in canine models by Baboolal et al,
reported that joint distraction was associated with
increased mesenchymal stromal cell adhesion to carti-
lage, a process necessary for colonization and differ-
entiation of these cells, consequently, leading cartilage

repair.>>

Limitations

There are several limitations that must be considered when
interpreting the findings of this analysis. Firstly, there is a
limited amount of data available regarding joint distraction
for knee osteoarthritis, with small sample sizes in each study.
Thus, the generalisability of these findings to the wider popula-
tion of patients with knee osteoarthritis should be treated with
caution. There are also several inherent methodological limita-
tions to the studies, which render them liable to observational
bias; specifically, the lack of participant and assessor blinding,
which is due to the nature of the procedure. Nonetheless, this
bias is applicable to clinical but not structural outcomes.
Furthermore, this bias is unlikely to persist for up to 9 years.

Conclusion

The present systematic review demonstrates that joint distrac-
tion confers short-term clinical and structural benefit in patients
with knee osteoarthritis, with the clinical benefits persisting till
9 years. Furthermore, KJD confers comparable clinical
improvements with currently used procedures such as TKA
and HTO. The current evidence-base is limited by a small
number of studies, which are susceptible to observational
bias. Larger RCTs with longer follow-up of more than 1 year
are necessary to establish the true effect size of this procedure.
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