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Abstract

Post-traumatic arthritis (PTA) is characterized by the deterioration of articular cartilage temporally associated with an
articular injury. With a paucity of literature comparing joint preservation techniques, we performed a systematic review of
the literature intending to describe and summarize the results of ankle distraction arthroplasty as it compares with studies on
tibio-talar microfracture, allograft, and autograft for ankle joint preservation in the post-traumatic population under 50 years
of age. Research databases were searched and abstracts screened for relevance on our topic of interest. Abstracts meeting
screening criteria with high interobserver reliability underwent full-manuscript review and coding for pertinent citation,
study level, treatment, and outcome variables. Outcome variables for patient-reported pain scales, validated outcome meas-
urement tools, radiographic progression, reoperation/re-treatment rates, and complication rates were recorded. Out of 105
unique citations, 10 publications were included. The distraction arthroplasty studies had 36 out of 181 patients requiring
reoperation for complications (19.9%), while other joint-preserving procedures studies had 40 out of 177 patients requiring
reoperations for complications (22.6%). Clinical outcome scores at mean follow-up time ranging from 2 to 10 years between
studies were similar. Reported results for a variety of cartilage preservation procedures, including distraction arthroplasty,
are satisfactory and reoperation rates for complication are similar. Limitations in available data and underlying study quality
affect synthesis of the results therein. While distraction arthroplasty is an option for cartilage preservation in patients with
PTA of the ankle, the technique is highly specialized which may affect the external validity.

Level of evidence: 111.
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Background

Post-traumatic arthritis (PTA) is characterized by the dete-
rioration of articular cartilage temporally associated with
an articular injury [3]. PTA can develop following a high-
energy joint injury, such as an intra-articular fracture, or
following a lower energy injury such as a sports-related
ligament rupture [2, 3]. Because both athletic injuries and
traumatic injuries are most common among young demo-
graphics, PTA typically affects young individuals. This is in
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contrast to degenerative arthritis which occurs as a result of
normal age-related cartilage loss, manifesting in much older
individuals. The ankle is particularly sensitive to articular
injury, in time leading to the development of PTA. Approxi-
mately 70% of ankle replacement surgeries are performed
in patients with PTA rather than degenerative arthritis [13].
Ankle arthritis is also particularly debilitating, resulting in
functional deficits comparable to end-stage hip arthritis,
congestive heart failure, and end-stage kidney disease [8,
18].

There is currently no consensus on how best to treat
PTA of the ankle. However, there are several surgical
options aimed at either treating pain associated with the
deteriorating joint or attempting to repair or preserve the
remaining cartilage. One historically reliable method is
the ankle arthrodesis whereby the degenerative tibio-talar
joint is fused [19]. While this method does reduce the pain
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associated with motion at a degenerative joint, the arthro-
desis results in loss of range of motion and can negatively
affect adjacent joints of the hind- and mid-foot. In an attempt
to preserve motion and spare adjacent joint disease, ankle
joint arthroplasties are now marketed and often compared
to arthrodesis in terms of patient-reported and functional
outcomes [19]. However, both of these common proce-
dures are ablative to the native joint, an option which may
not be desirable as a long-term solution in a young patient
with PTA. Furthermore, both the arthrodesis and total joint
arthroplasty are best indicated in advanced stages of arthritis
which fails to address the clinical scenario where isolated
traumatic injuries do not immediately cause the entire joint
to deteriorate. In such cases, especially in a younger patient,
a joint preservation procedure may be more desirable.

There are several surgical joint preservation options.
Cartilage marrow stimulation procedures (microfracture),
autografts, and allografts may be used to attempt repair of
isolated cartilage defects of the tibial plafond or the talus,
and block allografts may be used to replace a larger portion
of talus [5, 23]. A relatively new surgical procedure intended
for joint preservation, distraction arthroplasty, does not use
any graft material. This procedure employs an external
fixator which crosses the ankle joint and applies a distrac-
tion force across the tibio-talar articulation [6, 12, 17]. The
theory behind distraction arthroplasty is that it allows for
the reparative potential of the joint by removing mechani-
cal stress. Among joint preservation options, distraction
arthroplasty offers several theoretical advantages and is less
invasive than “traditional” cartilage repair procedures using
autograft or allograft.

In the current literature on ankle joint preservation proce-
dures, a recent review (2012) on the clinical indications for
distraction arthroplasty concluded that the present literature
does not support any particular surgical indication for the
procedure [20]. For PTA specifically, the authors indicated
that due to the poor quality of published reports, isolated to
relatively small case series and expert opinion, a recommen-
dation for use of distraction arthroplasty to treat PTA could
not be supported. A systematic review (2015) of six cartilage
repair procedures likewise concluded there were poor study
methods and a lack of sufficient level of evidence to make
a recommendation for any of the procedures [15]. Because
the available reviews focus on the level of evidence sup-
porting surgical indications for individual procedures rather
than patient outcomes, there are no reviews examining the
available published outcomes for distraction arthroplasty
compared to other preservation procedures.

In spite of the present lack of high-level evidence, a com-
parison of various cartilage repair procedures and distrac-
tion arthroplasty would fill a knowledge gap for the sur-
geons treating ankle arthritis patients. This is especially
true for young PTA patients for whom the cumulative
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disability-adjusted life years are potentially substantial and
procedure selection must be as well informed as possible.
The purpose of this systematic review is to describe and
summarize the results of intervention studies of distraction
arthroplasty used to treat post-traumatic arthritis in patients
less than age 50 years of age compared to intervention stud-
ies on tibio-talar microfracture, allograft, and autograft for
ankle joint preservation. The outcomes to be used for com-
parison are patient self-reported outcomes including Ameri-
can Orthopaedic Foot and Ankle Society (AOFAS) score,
frequency of reoperation, and progression of arthritis as per
the Kellgren—Lawrence grade.

Materials and methods
Inclusion and exclusion criteria

Eligible studies included all original articles on human
patients with ankle arthritis treated with either distraction
arthroplasty, tibio-talar microfracture, allograft, or autograft.
Basic science, animal, and cadaver studies were excluded.
Studies were not restricted on patient demographics except
that a portion of the patient population had to be younger
than age 50. Studies had to include any portion of patients
treated for PTA of the ankle, but were not required to have
PTA patients as their only cohort representatives. Articles
reporting only on the total ankle arthroplasty or ankle fusion
were excluded. Study types included were case reports, case
series, case—control studies, cohort studies, and randomized
trials. Included articles had to report at least one clinical out-
come via either a pain scale, validated patient-reported out-
comes, clinician assessment of radiographs, or reoperation
rate. There was no limitation on date of publication. Articles
not published in English as full text were not excluded if an
informative abstract in English was available including pain
and outcome results with standard deviations.

Search strategy

MEDLINE (Ovid) and PubMed (National Library of Medi-
cine) were searched with the assistance of a health sciences
librarian experienced in formatting search strategies for sys-
tematic reviews. Concepts formulating the search included:
ankle arthritis, ankle joint injury, cartilage injury, distrac-
tion arthroplasty, cartilage preservation, microfracture, allo-
graft, and autograft. Resultant articles underwent screening
of their bibliographies for potentially pertinent publications
not identified in the database searches. Citations were stored
in RefWorks (Proquest®) and screened for duplicates. Search
strategies, results, and abstracts chosen for screening were
managed using Microsoft® Excel workbook designed for
systematic reviews [14].
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Screening procedures

Two authors (**, **), both orthopedic surgeons, blinded to
each study’s authorship and journal of publication indepen-
dently screened all titles and abstracts for exclusion criteria.
Screener agreement was excellent (Cohen’s kappa = 0.96).
Abstract data were then complied in the Microsoft® Excel
workbook, and any disagreement regarding possible study
inclusion based on the abstract screening was reconciled,
erring on the side of full-text review [22].

Full-text review procedures

Each full-text article, or included abstract where applicable,
was fully reviewed and coded for pertinent citation, study
level, treatment, and outcome variables by the primary
author. Citation variables included basic study information
listed in the Ovid/Medline or PubMed citation, what type
of source was used, and if the study was related to another
reviewed article. Study-level variables included informa-
tion on the study design and execution, including eligibil-
ity criteria. These included diagnoses represented with an
eligibility requirement that at least a subset of subjects will
be diagnosed with PTA. Study design, location, years of per-
formance, and sample characteristics such as age, sex, and
practice environment were included for demographic and
external validity purposes. Study conduct descriptors such as
sampling method, procedure selection methods, comparison
groups, and basic statistical plan were recorded to address
internal validity. Where applicable, funding source(s) were
also recorded.

Coding procedures

Treatment and follow-up variables were recorded to indi-
cate which procedures of interest were studied, indicating
if a study contained subjects who underwent multiple pro-
cedures. The length of follow-up, length of time distrac-
tion arthroplasty subjects were in their external frames,
and whether or not differential follow-up occurred were
recorded. The “frame time” was considered because this
treatment duration overall can skew the total follow-up time.
This is because subjects who undergo any of the other pro-
cedures (microfracture, autograft, or allograft) essentially
begin their follow-up period immediately following surgery.
Subjects who undergo distraction arthroplasty, however,
undergo a surgery to apply the distraction frame which is
worn for a period of time. The frame is then removed at a
second procedure, and it is after this frame removal pro-
cedure that the follow-up in terms of outcome measures
begins. The implication of this is a microfracture patient
who is studied at 12 weeks following surgery cannot be com-
pared to a distraction arthroplasty patient who is 12 weeks

from study enrollment, but may only be 8 weeks out of his
or her distraction frame. Noting “frame time” and differen-
tial follow-up was used to correctly interpret the follow-up
periods reported per study.

Outcome variables were recorded per procedure for
patient-reported pain scales, validated outcome measure-
ment tools including the American Orthopaedic Foot and
Ankle Score (AOFAS) and Ankle Osteoarthritis Score
(AOS), radiographic progression per surgeon interpreta-
tion of the Kellgren—Lawrence (K/L) grade, reoperation/
re-treatment rates, and complication rates. For the scoring
criteria, the final scores and some indication of change from
baseline were recorded as the data allowed. Time points for
the measurements were also recorded.

One reviewer (**) worked independently to code all the
articles included. A second reviewer (**) independently
coded a random sample of articles blinded to the study
authorship and author institution(s) to pilot-test the code-
book and coding. Both coders are orthopedic surgeons famil-
iar with the described surgical techniques and the measure-
ment of outcomes included. After establishing the reliability
of the coding process, the review of all articles again blinded
to study authorship and author institution(s) ensued. Results
for pre- and post-procedure pain scores, patient-reported
outcome scores, and surgeries, and complications were
compiled among the studies reporting results for distraction
arthroplasty and for the studies reporting results for the other
procedures.

Results

The Ovid MEDLINE and NLM PubMed searches yielded
105 unique citations. Based on the exclusion criteria, 61
titles/abstracts were excluded and 44 retained for full-text
review. No foreign language abstracts were included in the
full review due to lack of usable data included within the
English version abstracts. After full-text review, an addi-
tional 34 articles are excluded because of lack of reporting
targeted outcomes, lack of inclusion of post-traumatic-spe-
cific mechanisms leading to arthritis, lack of arthritis in the
included patients despite post-traumatic injury to cartilage,
and other reasons (Fig. 1).

Included studies represented subjects with mean age
between 24 and 43 years of age. No studies included minors
in their data. All studies had a male predominance. While
not all studies specified what subset of subjects was treated
for post-traumatic conditions, five of the 10 studies included
only subjects with post-traumatic arthritis. Study designs
ranged from prospective randomized trial design to retro-
spective studies. Of the study with subjects only treated
with distraction arthroplasty, the mean follow-up time was
inclusive of the frame time for each subject as total frame
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137 records identified from all sources |

32 duplicates excluded

105 titles & abstracts reviewed |

61 Titles & abstracts excluded

22 Not original articles

18 Included only joint replacement or
arthrodesis patients

0 No patient with PTA

6 Target procedures not included

3 Other

2 Target outcomes not reported

44 full text records reviewed

34  Full text articles excluded
14  Target Outcomes not reported
10 Post trauma mechanisms not included

6 Cartilage injuries without arthritis
included
4  Other

10 publications included

Fig. 1 PRISMA chart

time was reported on in one study. Mean length of follow-up
studies was between 2 and 10 years (Table 1).

All included studies provided outcomes on pain,
patient-reported outcome score, or both. Pain and out-
comes scores were reported using variable scales. The pain

scores reported include the visual analogue scale (VAS)
scores as well as pain components of clinical outcome
scores. Of the clinical outcomes reported, the HSS, the
AOFAS, and the AOS are all used in the literature. HSS
(Hannover Scoring System) rates patient’s complaints and

Table 1 Included study details

References Sample size Subject mean age  Subjects with PTA  Study design Procedures repre-  Mean length of
(years) sented follow-up

Becher et al. [1] 45 (25 males) 40+ 14 31 Prospective obser-  Microfracture 5.8 + 2.0 years
69% vational

Buda et al. [4] 56 (37 males) 35.6 56 Prospective obser-  Autograft 36 months
100% vational

Giannini et al. [7] 26 (18 males) 349 +7.7 26 Prospective obser-  Bipolar osteochon- 40.9 + 14.1 months
100% vational dral allograft

Gobbi et al. [9] 21 (14 males) 24 Not specified Prospective rand- ~ Microfracture, 53 months

27.8 omized autograft
Jeng et al. [10] 29 (15 males) 41 Not specified Prospective obser-  Bipolar osteochon- 2 years
vational dral allograft
Marijnissen et al. 105 (67 males) 42.7 +9.8 Not specified Prospective rand-  Distraction arthro- 2 years
[11] omized/observa- plasty
tional

Nguyen et al. [14] 29 (15 males) 41.5+9.1 29 Observational Distraction arthro- 8.3 + 2.2 years
100% cohort plasty

Ploegmakers et al. 22 (14 males) 37 + 11 19 Retrospective pro-  Distraction arthro- 10 + 2.5 years

[16] 86% spective cohort plasty

Saltzman et al. [17] 36 (24 males) 42.4 (18-59) 36 Randomized (fixed Distraction arthro- 104 weeks
100% versus motion) plasty

Tellisi et al. [21] 25 (16 males) 43 25 Retrospective Distraction arthro- 30 months
100% plasty Frame time

12 months
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functional status using a 20-question report. The AOFAS
(American Orthopaedic Foot and Ankle Society) is a 100-
point scale integrating pain, function, and alignment. This
scoring system requires clinical measurements on both
examination and radiographs. The AOS (Ankle Osteoar-
thritis Scale) is a self-assessment tool that measures dis-
abilities related to ankle pain. All three of these tools have
been used in the literature and have been validated. How-
ever, they are not interchangeable and cannot necessarily
be translated into one another.

The progression of arthritis was reported in four studies
using various methods for determining OA grade with no
studies reporting K/L grade and two of the four studies
reporting on MRI results rather than plain radiographs.
Additional treatment was poorly specified; however, all
but one study reported on revision surgeries. The revi-
sion surgery rate ranged from 8.0 to 48.3%. Combined, the
distraction arthroplasty studies had 36 out of 181 patients
requiring reoperation for complications (19.9%) and the
other procedures studies had 40 out of 177 patients requir-
ing reoperations for complications (22.6%) (Table 2).

Table 2 Included study reported outcomes

Discussion

Individual studies each reported improvements in pain,
patient-reported outcomes, or both following the studied
procedures. Follow-up after distraction arthroplasty results
and results from the other procedures indicated similar reop-
eration rates for complications. These findings suggest that
surgeons considering distraction arthroplasty can expect
similar pain and patient-reported outcome results and similar
reoperation rates compared to other cartilage preservation
procedures excluding the mandatory operation to remove the
frame itself. Advantages therein are that distraction arthro-
plasty does not preclude the use of other procedures in the
future and may even be used in combination with the other
cartilage preservation options discussed (e.g., microfracture
plus distraction). Given the natural history of ankle arthritis,
it is expected that all patients, regardless of cartilage pres-
ervation procedure will deteriorate. Distraction arthroplasty
appears to be a reasonable option to provide a good percent-
age of patients a satisfactory period of time of improvement.
However, because distraction arthroplasty is somewhat of a
specialty technique, it would be important for future studies

References Pain pre/post Outcome score pre/post OA progression Additional treatment Additional surgery
Becher et al. [1] VAS score HSS (function) Not given Not specified 4/45
6.5+23 3.6 +2.3/7.2 +2.8%* 8.9%
2.4 +2.8%*
Buda et al. [4] Not given AOFAS 15/56 Not specified 16/56
52.3 +14.2/77.8 + 18.3 26.8% 28.6%
Giannini et al. [7] Not given AOFAS 26/26 3/26 3/26
26.6 + 6/77.8 + 8.7%* 100% 11.5% 11.5%
Gobbi et al. [9] Not given AOFAS Not given 1721 3/21
3.8/83.8%* 4.8% 14.3%
31.1/85.4%*
Jeng et al. [10] AOFAS (post) “success” AOFAS (post) “success” 6/29 Not specified 14/29
only: 31 only 20.7% 48.3%
84 (71-96)
Marijnissen et al. [11]  AOS AOS Not given 2/105 16/105
67.1 +15.2/38.2 +23.8 68.3 +15.1/35.9 +23.0 1.9% 15.2%
Nguyen et al. [14] Not given AOS Not given Not specified 13/29
60.7 + 12.2/34.4 + 24.0 44.8%
Ploegmakers et al. [16] Van Valburg AOS Not given 1722 5/22
78 + 3%/30 + 5%** 67 + 6/25 + 6* 4.5% 22.7%
Saltzman et al. [17] Not given AOS Not given Not specified Not specified
63.14 + 11.88 (motion)
62.77 +13.23
(fixed)/34.64 + 19.12
(motion)
54.29 + 21.74 (fixed)
Tellisi et al. [21] AOFAS AOFAS 2/25 Not specified 2/25
15/31 55 (29-82)/74 (47-96)* 8.0% 8.0%

#p < 0.05; **p < 0.001
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to include analysis of surgeon training and experience with
this technique as they relate to patient outcomes.

The search strategy was intended to be comprehensive of
the peer-reviewed literature over the breadth of date ranges
during which distraction arthroplasty specifically has been
developed. By focusing on cartilage preservation options,
articles focused entirely on joint ablative procedures such
as total ankle arthroplasty and tibio-talar fusion were elimi-
nated. This is because clinically joint preservative and joint
ablative procedures cannot be compared from the prospec-
tive of the longevity of the patient’s native cartilage. Non-
English literature with available English abstracts was not
excluded from screening, assuring that research performed
on distraction arthroplasty specifically was not overlooked
if published primarily in Europe where much of the early lit-
erature on other Ilizarov techniques originated. Limitations
of the search strategy include the non-availability of full-text
articles in languages other than English. Additional search of
Embase could be conducted to assure coverage of European
publications as well as an additional search of non-peer-
reviewed publications. Original articles were expected to
be of low quality of evidence which then also had implica-
tions for the quality of data available for review. However,
thoughtful examination of the cumulative published popu-
lation on distraction arthroplasty where specific outcomes
were reported will add to the current understanding of this
relatively new procedure. Additionally, many of the articles
commented on “revisions,” but there was inconsistency in
what that entailed. It would be preferable to know the exact
number of patients going on revision to fusion or arthro-
plasty versus those that were revised with an additional
joint-sparing procedure. Unfortunately, the literature was
not precise enough to make this analysis part of our data.

Strengths of the employed coding protocol included con-
siderations for the various potential procedures and captur-
ing the outcome variables per procedure. This is necessary
if comparisons are to be made between the procedures. The
protocol also included consideration of the external and
internal validity of the included studies in planning coded
variables as prior reviews on distraction arthroplasty empha-
size the specialized nature of the procedure and the low level
of evidence available. Limitations of the coding protocol
included a single coder for all articles and the inherent
inability to completely capture the clinical decision-making
process. With few randomized trials available, the major-
ity of the literature comprised level 3-5 evidence where
individual providers can instill a large amount of selection
and performance bias into the their study designs. While
the coding protocol did distinguish between study design-
level decision making versus surgeon discretion, the coding
was unable to fully capture how subjects were selected for
the included studies. Finally, the coding protocol did not
account for studies which reported MRI outcomes rather
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than radiographic outcomes. This limited the interpretation
for this target variable as plain radiograph and MRI results
cannot be meaningfully compared.

There are additional limitations to considering pooled
results for these studies. First of all, complications typical
of distraction arthroplasty and the other cartilage preserva-
tion procedures are expected to be very different. Ilizarov
techniques have added potential complications such as pin
tract infections and neurologic palsies from traction which
could necessitate additional medical therapy and even sur-
gical revision of the distraction frame or frame program
[6, 21]. These complications arguably are not comparable
to the complications typical for the other included proce-
dures which are not very different than the typical risk of
out patient orthopedic surgery. Secondly, distraction arthro-
plasty and other Ilizarov and circular frame techniques are
often performed by specialty-trained surgeons often at cent-
ers known for limb reconstruction services. Except perhaps
the bipolar ankle autograft, the other cartilage preservation
procedures included are not outside the purview of a typical
general orthopedic practice. Therefore, the results reported
for distraction arthroplasty have poor external validity to
general practice and many non-Ilizarov trauma and foot and
ankle practices.

Conclusion

Reported results for a variety of cartilage preservation pro-
cedures, including distraction arthroplasty, are overall sat-
isfactory, and reoperation rates for complication following
distraction arthroplasty and other “traditional” procedures
appear to be similar. Limitations in available data and under-
lying study quality in terms of levels of evidence may affect
synthesis of the results therein. While distraction arthro-
plasty is an option for cartilage preservation in patients with
PTA of the ankle, the technique is highly specialized, which
may affect the external validity of case series from special-
ized Ilizarov centers.

Compliance with ethical standards

Conflict of interest All authors agree they have no conflicts of interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Strategies in Trauma and Limb Reconstruction (2018) 13:61-67

67

References

10.

11.

Becher C, Driessen A, Hess T et al (2010) Microfracture for chon-
dral defects of the talus: maintenance of early results at midterm
follow-up. Knee Surg Sports Traumatol Arthrosc 18(5):656—663
Brown TD, Johnston RC, Saltzman CL et al (2006) Posttraumatic
osteoarthritis: a first estimate of incidence, prevalence, and burden
of disease. J Orthop Trauma 20:739-744

Buckwalter JA, Brown TD (2004) Joint injury, repair, and remod-
eling: roles in post traumatic osteoarthritis. Clin Orthop Relat Res
423:7-16

Buda R, Castagnini F, Cavallo M et al (2015) “One-step” bone
marrow-derived cells transplantation and joint debridement for
osteochondral lesions of the talus in ankle osteoarthritis” clinical
and radiological outcomes at 36 months. Arch Orthop Trauma
Surg 136:107-116

Bugbee WD, Khanna G, Cavallo M et al (2013) Bipolar fresh
osteochondral allografting of the tibiotalar joint. J Bone Joint Surg
95:426-432

Chiodo CP, McGarvey W (2004) Joint distraction for the treatment
of ankle osteoarthritis. Foot Ankle Clin 9:541-553

Giannini S, Buda R, Pagliazzi G et al (2014) Survivorship of
bipolar fresh total osteochondral ankle allograft. Foot Ankle Int
35(3):243-251

Glazebrook M, Daniels T, Younger A et al (2008) Comparison
of health-related quality of life between patients with end-stage
ankle and hip arthrosis. J Bone Jt Surg 90:499-505

Gobbi A, Francisco RA, Lubowitz JH et al (2006) Osteochondral
lesions of the talus: randomized controlled trial comparing chon-
droplasty, microfracture, and osteochondral autograft transplanta-
tion. Arthroscopy 22(10):1085-1092

Jeng CL, Kadakia A, White KL et al (2008) Fresh osteochondral
total ankle allograft transplantation for the treatment of ankle
arthritis. Foot Ankle Int 29(6):554-560

Marijnissen AC, Hoekstra MC, Pre BC et al (2014) Patient char-
acteristics as predictors of clinical outcomes of distraction in treat-
ment of severe ankle osteoarthritis. J Orthop Res 32(1):96-101.
https://doi.org/10.1002/jor.22475

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

Marijnissen AC, van Roermund PM, van Melkebeek J et al (2003)
Clinical benefit of joint distraction in the treatment of ankle osteo-
arthritis. Foot Ankle Clin 8:335-346

Marsh JL, Weigel DP, Dirschl DR (2003) Tibial plafond frac-
tures. How do these ankles function over time? J Bone Jt Surg
85:287-295

Nguyen MP, Pedersen DR, Gao Y et al (2015) Intermediate-term
follow-up after ankle distraction for treatment of end-stage osteo-
arthritis. J Bone Joint Surg 97(7):590-596

Pinski JM, Boakye LA, Murawski CD et al (2016) Low level of
evidence and methodologic quality of clinical outcomes studies
on cartilage repair of the ankle. Arthroscopy 32(1):214-222

. Ploegmakers JWW, van Roermund PM, van Melkebeek J et al

(2005) Prolonged clinical benefit from joint distraction in the
treatment of ankle osteoarthritis. Osteoarthr Cartil 13(7):582-588
Saltzman CL, Hillis SL, Stolley MP et al (2012) Motion versus
fixed distraction of the joint in the treatment of ankle osteoarthri-
tis: a prospective randomized controlled trial. J] Bone Joint Surg
94:961-970

Saltzman CL, Zimmerman MB, O’Rourke M et al (2006) Impact
of comorbidities on the measurement of health in patients with
ankle osteoarthritis. ] Bone Joint Surg 88:2366-2372

Schuh R, Hofstaetter J, Krismer M et al (2012) Total ankle arthro-
plasty versus ankle arthrodesis. Comparison of sports, recreational
activities and functional outcomes. Int Orthop 36(6):1207-1214
Smith NC, Beaman D, Rozbruch R et al (2012) Evidence-based
indication for distraction ankle arthroplasty. Foot Ankle Int
33(8):632-636

Tellisi N, Fragomen AT, Kleinman D et al (2009) Joint preserva-
tion of the osteoarthritic ankle using distraction arthroplasty. Foot
Ankle Int 30(4):318-325

Von Ville HM (2015) Excel workbooks for systematic reviews.
http://libguides.sph.uth.tmc.edu/excel_SR_workbook. Accessed
24 Sept 2015

Wiewiorski M, Barg A, Valderrabano V (2013) Chondral and
osteochondral reconstruction of local ankle degeneration. Foot
Ankle Clin 18:543-554

@ Springer


https://doi.org/10.1002/jor.22475
http://libguides.sph.uth.tmc.edu/excel_SR_workbook

	Distraction arthroplasty compared to other cartilage preservation procedures in patients with post-traumatic arthritis: a systematic review
	Abstract
	Background
	Materials and methods
	Inclusion and exclusion criteria
	Search strategy
	Screening procedures
	Full-text review procedures
	Coding procedures

	Results
	Discussion
	Conclusion
	References




