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Abstract

Purpose Interposition arthroplasty for the post-traumatic osteoarthritic elbow is a salvage procedure used in young and
active patients and remains a rare and unexplored therapeutic option.

Methods We systematically reviewed the available literature searching electronic databases, MEDLINE using the PubMed
interface and EMBASE. The primary objective was to synthesize functional outcomes and to investigate revision frequencies,
but also complication and subsequent surgery rates among patients with surviving grafts. The preferred reporting guidelines
for systematic reviews and meta-analyses guidelines were applied.

Results Five studies were left for inclusion, all retrospective in design, comprising 67 patients. The mean age was 40 years,
the mean follow-up period was 61 months, and 68.2% of the patients treated were male. Eleven patients (16.4%) were treated
with fascia lata autografts, and 56 patients (83.6%) were treated with Achilles tendon allografts. The graft survived in 53
patients (79.1%); the post-operative Mayo Elbow Performance Score averaged 69 points. Fourteen patients (20.9%) required
revision surgery. In the setting of graft survival, 39.1% of patients had complications not requiring further surgical treatment
and 5.7% of patients with surviving grafts needed subsequent operative treatment within the follow-up period.

Conclusion Given graft survival, this systematic review demonstrated satisfactory functional outcomes following inter-
position arthroplasty of the post-traumatic osteoarthritic elbow, however, associated with a cumulative complication and
subsequent operative treatment rate of 44.8%. In addition, a revision rate of 20.9% needs to be expected. Varus-valgus insta-
bility in the pre-operative clinical assessment seems to be associated with unsatisfactory post-operative elbow function. The
superiority of either of the two main reported graft methods (fascia lata autograft and Achilles tendon allograft) remains
pending, and the role of an external fixator in preventing post-operative instability remains unresolved.
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Introduction bone stock, IPA seems to be a viable treatment alterna-

tive to total elbow arthroplasty (TEA), after non-operative
Although performed for many years, interposition arthro-  treatment failed and arthrodesis is ruled out due to the
plasty (IPA) still remains a rare therapeutic option. How-  functional limitations. Studies identified age < 65 years

ever, in young, high-demanding patients with sufficient  and trauma history as risk factors for prosthesis loosening
after TEA [1]. Post-traumatic osteoarthritis appears to be
the leading indication for IPA at present [2]. Post-trau-
Level of evidence: 1V, therapeutic. matic elbow osteoarthritis in the young and active patient
poses a challenge to the surgeon, not only in terms of the
surgical procedure itself but especially with regard to the
optimal therapeutic decision [2]. Accordingly, IPA can
Department of Orthopedic and Trauma Surgery, University be thought of as a middle course that preserves the pos-
Hospital Cologne, Kerpener Street 62, 50937 Cologne, sibility of a further escalation stage in the sense of TEA,
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s ermany while maintaining elbow mobility [3]. Relative contrain-
8CM (Orthopidische Chirurgie Miinchen) Clinic, Munich, dications for IPA include gross instability or deformity,
ermany
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infection, skeletal immaturity, and insufficient flexor
muscles [4]. Thus, IPA intends to preserve the elbows
mobility and to reduce pain, while the strict weightlifting
restrictions of TEA do not apply, and revision options are
kept available.

Given the limited availability of studies, we decided
to conduct a systematic review to obtain a synthesis of
functional outcomes and potential complications.

At this point, the principles of the procedure are to be
briefly explained in the authors’ own approach (Figs. 1,
2, and 3).

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were applied
[5].

Inclusion criteria

The following criteria for inclusion were defined prelimi-
narily: (1) patients suffering from post-traumatic osteoar-
thritis (2) treated with IPA and in whom either (3) autog-
enous fascia lata or (4) Achilles tendon allografts were
used as graft material, (5) studies published in English
or German language since (6) the start of literature in the
concerning electronic databases, and (7) providing the
Mayo Elbow Performance Score (MEPS).

-
- anconeus muscle
\

proximal

Fig.1 Approach and preparation of the joint for grafting. A After
sketching the bony landmarks, the skin is incised posteriorly longi-
tudinally with lateral circumcision of the olecranon. Laterally, the
Kocher interval between the anconeus and flexor carpi ulnaris mus-
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Exclusion criteria

Patients treated with IPA for (1) primary, (2) inflamma-
tory, or (3) theumatoid osteoarthritis and (4) revisions were
excluded.

Search strategy

MEDLINE using the PubMed interface and EMBASE was
searched for clinical studies using the MeSH terms interposi-
tion arthroplasty, elbow, and post-traumatic. The search was
completed on January 5, 2021.

Study selection

The studies identified were independently scanned by
2 reviewers (F.L. and K.W.). At this stage, the titles and
abstracts were assessed for eligibility. Full texts of the
records, which outlived this process, were analyzed. Full
texts’ reference lists were additionally analyzed and searched
for further articles. This procedure is illustrated in the
PRISMA-adapted flow diagram (Fig. 4). Disagreement was
resolved by consensus decision including a third reviewer
(L.PM.).

By this means, a total of 5 studies were suitable for
inclusion.

Data extraction

The data of these five studies were extracted into prefab-
ricated tables. The level of evidence was graded for each

olecranon
.

-

S = s
&3
olecranon fossa

ulnar nerve

cle is established. The capsuloligamentous attachments and extensor
attachments are detached humerally. B Medially, the ulnar nerve is
exposed, neurolyzed, and secured. Bilateral arthrolysis follows. The
medial collateral ligament (MCL) should be preserved
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Fig.2 Placement of the graft. A Three transosseous drill holes are
set in a dorsoventral direction in the distal humerus: one in the area
of the lateral epicondyle and one each in the area of the lateral and
medial olecranon fossa. A non-absorbable suture is inserted through
each of the drill holes, again in a dorsoventral direction. The ventral
end of each suture is looped through the graft, followed by stitch-
ing it back through the drill holes, now in a dorsoventral direction.
To ensure that the graft is properly positioned later, it is looped with
two pull-through sutures at its free corners. The lateral pull-through

article included. The primary objective was to synthesize
functional outcomes and to investigate revision frequencies,
but also complication and subsequent surgery rates among
patients with surviving grafts.

Methodological quality

The methodological quality of each study included was
assessed by assigning levels of evidence as previously
defined by the Centre for Evidence-Based Medicine (http://
www.cebm.net). Levels of evidence were assigned by two
authors (F.L. and K.W.). If there was any disagreement,
a third author was consulted (L.P.M.). Additionally, the

suture is marked with a plus, the medial suture with a star. B The lat-
eral pull-through suture is passed dorsally under the anconeus muscle
(circle). C The medial pull-through suture is guided dorsomedially
by means of an Overholt (circle) inserted from the ulnar side. D By
pulling on the two pull-through sutures, the graft slides from ventral
over the articular surfaces to the dorsal aspect of the distal humerus,
illustrated by the curved arrow. The correct position of the graft is to
be verified

methodological index for non-randomized studies (minors)
items were applied [6]. This is a validated instrument that
attributes a maximum score of 16 points to non-cooperative
studies based on 8§ items.

Results
Study selection
The initial search covered 152 publications. Removal of

duplicates and exclusion of abstracts not fitting the inclusion
criteria left 8 full texts for eligibility assessment. Three were
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anconeus muscle

N, detached LCL and
| extensor muscles

proximal

Fig.3 Grafts protection and reattachment of the lateral collateral
ligament and the extensors. A With the three sutures pierced back
through the drill holes to the dorsal side, the graft is now stitched
once more from inside out. The sutures are then knotted onto the
graft ensuring that it adapts to the dorsal aspect of the distal humerus

excluded. Reasons are outlined in the PRISMA-adapted flow
diagram (Fig. 4). Five publications were suitable for inclu-
sion, comprising 67 patients [7—11]. Within the five studies
included, an additional 26 patients were excluded based on
the predefined inclusion and exclusion criteria. The level of
evidence of all studies included was level IV. The studies of
Cheng et al., Nolla et al., and Laubscher et al. all scored 9
points according to the minors criteria, while the studies of
Larson et al. and Ersen et al. scored 10 points each.

Study characteristics

The characteristics of the studies included are shown in
Table 1. Among the 67 patients included, the mean age was
40 years, the mean follow-up was 61 months, and 68.2% of
the patients treated were male. Eleven patients (16.4%) were
treated with fascia lata autografts, and 56 patients (83.6%)
were treated with Achilles tendon allografts. In all patients,
total joint resurfacing was performed.

Functional outcomes

The functional outcomes always refer to those patients
whose graft survived and are summarized in Table 2. Rela-
tive to the most recent follow-up of each of the respec-
tive studies, the graft survived in 53 patients (79.1%). The
average pre-operative MEPS was available in 42 patients
and amounted to 39 points. The average post-operative
MEPS was available in 49 patients and amounted to 69
points, which corresponds to an average improvement of
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(circle). B A suture anchor (circle) is inserted in the center of rota-
tion to reattach the capsuloligamentous attachments and the extensor
attachment, which have been detached humerally. The position of the
interposition graft is checked again. Closure of the fascia, subcutane-
ous, and skin suture

approximately 57%. Excellent or good results concerning
the MEPS were rated as successful treatment. Individual
data regarding this were available for 22 patients with
surviving grafts post-operatively. Accordingly, 16 of the
available 22 patients (73%) were treated successfully. In
the study performed by Nolla et al., a post-operative MEPS
was obtained in only seven patients, although the graft sur-
vived in 11 patients. In the remaining studies, the average
post-operative MEPS was always obtained in patients with
surviving graft, although individual data (excellent, good,
fair, or poor) were not always available.

Complications

Fourteen patients (20.9%) required revision surgery
(Table 3). This involved switching to TEA most frequently
(8 TEA, 2 graft removal, 2 arthrodesis, 1 revision IPA, 1
NA). Among the patients with surviving grafts, nine (39.1%)
had complications not requiring further operative treatment,
the most common being pin related problems of the exter-
nal fixator. This average only refers to those patients whose
graft survived and only to those studies in which the listed
complications could be attributed exclusively to patients
with post-traumatic osteoarthritis (individual data or data
of the post-traumatic osteoarthritis cohort of the respective
study were thus given). Complications were considered to be
any listed as a complication in the individual studies. Three
patients (5.7%) with surviving grafts needed subsequent
operative treatment within the follow-up period.
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Fig.4 Study flow chart
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Table 1 Summary of the studies included
Author Level of Patients Patients Mean Mean FU, months (range) Gender, % male Graft material
evidence included excluded age, years
() (n) (range)
Cheng et al v 9 4 36 (26-50) 48 (10-121) 38.5%* 9 Fascia lata autografts
Larson et al v 34 11 41 (16-69) 72 (35-126)* 79.4% 34 Achilles tendon allografts
Nolla et al v 13 0 41 (19-68) 48 (12-132) 69.2% 11 Achilles tendon allografts
2 Fascia lata autografts
Ersen et al v 3 2 32 (26-41) 106 (84-131) 40%* 3 Achilles tendon allografts
Laubscheretal IV 8 9 45 (35-58) 35 (8-57) 63% 8 Achilles tendon allografts
67 26 40 61 68.2% 11 Fascia lata autografts (16.4%)
56 Achilles tendon allografts
(83.6%)

*Value applies to the whole study population (patients included and excluded)FU, follow-up
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Table 2 Summary of the functional outcome scores

Author Patients Outcome Mean preop. Mean postop.  Mean preop.  Mean postop.  Mean preop. Mean postop.
included  good-excel- MEPS (range) MEPS (range) flex.-ext.** flex.-ext.** (n) forearm rota-  forearm rota-
(n) lent** (n)** (n)** (n) tion** (n) tion** (n)
Cheng et al 9 5/6 37 (20-50) (6) 76 (20-100) 63° (6) 92° (6) NA NA
Q)
Larson et al 34 NA 40 (5-60) (27) 62 (30-100) NA NA NA NA
@n
Nolla et al 13 6/7 NA 81 (60-100) 37°(11) 110° (11) 78° (11) 148° (11)
)
Ersen et al 3 1/3 27 (20-35) (3) 68 (60-75) (3) 27°(3) 70° (3) 8°(3) 52°(3)
Laubscheretal 8 4/6 44 (30-60) (6) 77 (40-100) NA NA NA NA
Q)
67 16/22 39 (42) 69 (49) 43° (20) 99° (20) 63° (14) 127° (14)

““Value applies to patients with surviving grafts only

MEPS, Mayo Elbow Performance Score; NA, not available; preop., preoperative; postop., postoperative; flex. ext., flexion—extension

Table 3 Summary of the complications

Author Patients Revision surgery (n) Complications (n)** Subsequent operative treatment (r)**
included
()
Cheng et al 9 3 TEA 1 ulnar nerve paresthesia (1 pre-existing) 1 ulnar nerve paresthesia (subcutaneous trans-
position, resolved)

1 fascia lata donor site discomfort 1 fascia lata donor site infection with muscle
herniation (fascial defect repaired, resolved)
and superficial radial nerve paresthesia
(resolved)

1 pin-site infection (pin removal, resolved)

Larson et al 34 4 TEA NA 0
2 Graft removed
1 Arthrodesis
Nolla et al 13 1 Arthrodesis 2 pin-site infection (antibiotics, resolved) 1 ulna fracture requiring ORIF
1 NA
Ergen et al 3 0 NA 0
Laubscheretal 8 1 TEA 1 deep sepsis 0
1 Revision IPA 1 wound sepsis, fracture through pinsite
1 ulnar nerve paraesthesia
1 instability
67 14 (20.9%) 9 (39.1%) 3(5.7%)

““Value applies to patients with surviving grafts only

NA, not available; TEA, total elbow arthroplasty; /PA, interposition arthroplasty; ORIF, open reduction and internal fixation

Discussion

IPA of the post-traumatic osteoarthritic elbow provides an
alternative to TEA in young, high-demand patients. How-
ever, syntheses of the functional outcomes are lacking.
Our systematic review included 67 patients treated
for post-traumatic osteoarthritis with either fascia lata
autografts or Achilles tendon allografts. To ensure a

@ Springer

homogeneous and thus adequately comparable study
cohort, patients with primary, inflammatory, or rheumatoid
osteoarthritis and revisions were excluded.

Our results indicate that IPA of the post-traumatic osteoar-
thritic elbow can provide satisfactory results, given graft sur-
vival. The post-operative MEPS was available in 49 patients
with surviving grafts and averaged 69 points. On average, this
equates to an acceptable result (“fair”). With regard to range
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of motion of both, flexion—extension and forearm rotation,
individual data were available in 3 studies. In these, neverthe-
less, a considerable improvement could be achieved. However,
due to an average follow-up of 61 months, these functional
outcomes should be viewed with caution.

Aside from outcome scores, the occurrence of com-
plications was evaluated: A 20.9% revision rate should
be discussed. Concerning this, a study by Larson et al.
showed promising results [12]. Nine patients with post-
traumatic osteoarthritis underwent revision IPA with
Achilles tendon allografts after failed primary IPA. After
a mean follow-up of 5.6 years, the mean MEPS improved
significantly from 49 points pre-operatively to 73 points
post-operatively. The authors concluded that “revision
interposition arthroplasty is an option for young, active
patients with severe post-traumatic arthritis who require
both mobility and durability of the elbow” [12].

Revision following an average of 9.9 years after pri-
mary IPA and associated implantation of a TEA similarly
demonstrated satisfactory results in a study by Blaine et al.
[13]. The authors displayed significant improvement in
MEPS from an average of 32.1 points pre-operatively to
80.4 points post-operatively in 12 patients, 11 of whom
had post-traumatic osteoarthritis. Ten of the 12 patients
subjectively reported satisfactory results and described
their pain as mild or none.

In a retrospective study, Celli et al. reported 19 patients
aged <40 years with post-traumatic osteoarthritis treated
with TEA and followed-up for at least five years [14]. The
functional outcome was satisfactory with a mean MEPS
of 84 points; however, seven patients (36.8%) needed a
revision procedure. Due to the high complication rate, the
authors conclude to prefer non-replacement methods such
as IPA when possible. Accordingly, especially in young,
active post-traumatic osteoarthritic patients, the finality of
a prosthesis should be discussed critically.

A robust statement regarding the superiority of either
graft (fascia lata autograft and Achilles tendon allograft) is
not possible based on the current study record and remains
pending. Regarding revisions, Cheng et al. found a rate
of 33% (3/9), with patients treated solely with fascia lata
autografts [7]. In the study by Nolla et al., who used autog-
enous fascia lata in two patients likewise, no individual
data were given [11]. This 33% rate contrasts with an over-
all revision rate of 20.9% for all included patients.

There seems to be a consensus that IPA is contrain-
dicated insofar as pain is not accompanied by elbow
dysfunction [9]. In the post-traumatic collective consid-
ered here, however, pain is not isolated. Regarding this,
Larson et al. demonstrated that isolated pain was associ-
ated with rather unpredictable outcomes, whereas nine of
ten patients treated for elbow stiffness reported at least
pain improvement [9]. The study by Laubscher et al. also

showed significant pain improvement in patients with sur-
viving graft [10].

With the exception of the study by Larson et al., where
no individual data was given, an external fixator was applied
in all patients. The effective value of an external fixator in
preventing post-operative instability remains unresolved.
The potential stability benefit of an external fixator faces
the incidence of post-operative pin related problems of the
external fixator. Based on the previously defined inclusion
and exclusion criteria and limited individual data, it was
not possible to systematically correlate pre-operative insta-
bility with post-operative outcome. However, pre-operative
varus-valgus instability on the clinical examination seems
to correlate significantly with unsatisfactory post-operative
function scores [7, 9—-11]. Larson et al. conclude: “we do not
recommend this procedure when patients present with pre-
operative instability on physical examination” [9]. Accord-
ingly, IPA is thus able to increase range of motion while
achieving satisfactory clinical outcomes, yet instabilities
often fail to be resolved by IPA. This is especially true for
the post-traumatic, young, and active patient cohort enrolled
in this systematic review.

Limitations of this systematic review include the retro-
spective design of all studies included and the lack of pro-
spective randomized controlled studies comparing treat-
ment options. In addition, individual data were not always
available, which made it impossible to draw conclusions
about individual patients in some cases. In particular, pain
and instability were recorded inconsistently and prevented
systematic synthesis. In the future, it would be desirable to
establish reporting guidelines that make individual studies
more comparable with each other.

Nevertheless, this systematic review provides an updated
survey and synthesis of the current literature and may shift
attention to issues rather missed out until now. Interposition
arthroplasty for post-traumatic osteoarthritis of the elbow
provides satisfactory functional outcomes, provided graft
survival. However, a 20.9% revision rate as well as a cumula-
tive complication and subsequent operative treatment rate of
44.8%, in the setting of graft survival, should be discussed.
Successful revision involving a repeat IPA or conversion to
TEA is possible. Pre-operative varus-valgus instability seems
to be associated with unsatisfactory postoperative elbow
function. The superiority of either of the two reported graft
methods (fascia lata autograft and Achilles tendon allograft)
remains pending, and the role of an external fixator in prevent-
ing post-operative instability remains unresolved.

Author contribution FL wrote the manuscript and conducted the lit-
erature search together with KW. In case of disagreement regarding the
inclusion of an article, LPM led a consensus. TL designed the study.
MH and SU helped with writing and provided advice. FL, MH, and
CJP prepared the exemplary demonstration of the operating principles.

@ Springer



2610

International Orthopaedics (2022) 46:2603-2610

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability Not applicable.

Declarations

Ethics approval The study has not involved human subjects or had to
be accompanied by an Institutional Review Board (IRB) or Ethical
Committee Approval.

Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Cil A, Veillette CJH, Sanchez-Sotelo J, Morrey BF (2008) Linked
elbow replacement: a salvage procedure for distal humeral nonun-
ion. JBJS 90:1939-1950. https://doi.org/10.2106/IBJS.G.00690

2. Sears BW, Puskas GJ, Morrey ME et al (2012) Posttraumatic
elbow arthritis in the young adult: evaluation and management.
J Am Acad Orthop Surg 20:704-714. https://doi.org/10.5435/
JAAOS-20-11-704

3. Burkhart KJ, Hollinger B (2016) Post-traumatic arthritis in the
young patient: treatment options before the endoprosthesis. Ortho-
pade 45:832-843. https://doi.org/10.1007/s00132-016-3326-x

@ Springer

4. Cheung EV, Adams R, Morrey BF (2008) Primary osteoarthritis
of the elbow: current treatment options. J Am Acad Orthop Surg
16:77-87. https://doi.org/10.5435/00124635-200802000-00005

5. Moher D, Liberati A, Tetzlaff J, Altman DG (2010) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Int J Surg 8:336-341. https://doi.org/10.
1016/}.1jsu.2010.02.007

6. Slim K, Nini E, Forestier D et al (2003) Methodological index for
non-randomized studies (minors): development and validation of
a new instrument. ANZ J Surg 73:712-716. https://doi.org/10.
1046/j.1445-2197.2003.02748.x

7. Cheng SL, Morrey BF (2000) Treatment of the mobile, painful
arthritic elbow by distraction interposition arthroplasty. J Bone
Joint Surg Br 82:233-238. https://doi.org/10.1302/0301-620x.
82b2.9507

8. Ersen A, Demirhan M, Atalar AC et al (2014) Stiff elbow: distrac-
tion interposition arthroplasty with an Achilles tendon allograft:
long-term radiological and functional results. Acta Orthop Trau-
matol Turc 48:558-562. https://doi.org/10.3944/A0TT.2014.14.
0131

9. Larson AN, Morrey BF (2008) Interposition arthroplasty with an
Achilles tendon allograft as a salvage procedure for the elbow.
J Bone Joint Surg Am 90:2714-2723. https://doi.org/10.2106/
JBJS.G.00768

10. Laubscher M, Vochteloo AJ, Smit AA et al (2014) A retrospec-
tive review of a series of interposition arthroplasties of the elbow.
Shoulder Elb 6:129-133. https://doi.org/10.1177/1758573214
525126

11. Nolla J, Ring D, Lozano-Calderon S, Jupiter JB (2008) Inter-
position arthroplasty of the elbow with hinged external fixation
for post-traumatic arthritis. J Shoulder Elbow Surg 17:459-464.
https://doi.org/10.1016/j.jse.2007.11.008

12. Larson AN, Adams RA, Morrey BF (2010) Revision interposition
arthroplasty of the elbow. J Bone Joint Surg Br 92:1273-1277.
https://doi.org/10.1302/0301-620X.92B9.24039

13. Blaine TA, Adams R, Morrey BF (2005) Total elbow arthroplasty
after interposition arthroplasty for elbow arthritis. J Bone Joint
Surg Am 87:286-292. https://doi.org/10.2106/JBJS.03031pp

14. Celli A, Morrey BF (2009) Total elbow arthroplasty in patients
forty years of age or less. J Bone Joint Surg Am 91:1414-1418.
https://doi.org/10.2106/JBJS.G.00329

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2106/JBJS.G.00690
https://doi.org/10.5435/JAAOS-20-11-704
https://doi.org/10.5435/JAAOS-20-11-704
https://doi.org/10.1007/s00132-016-3326-x
https://doi.org/10.5435/00124635-200802000-00005
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1302/0301-620x.82b2.9507
https://doi.org/10.1302/0301-620x.82b2.9507
https://doi.org/10.3944/AOTT.2014.14.0131
https://doi.org/10.3944/AOTT.2014.14.0131
https://doi.org/10.2106/JBJS.G.00768
https://doi.org/10.2106/JBJS.G.00768
https://doi.org/10.1177/1758573214525126
https://doi.org/10.1177/1758573214525126
https://doi.org/10.1016/j.jse.2007.11.008
https://doi.org/10.1302/0301-620X.92B9.24039
https://doi.org/10.2106/JBJS.03031pp
https://doi.org/10.2106/JBJS.G.00329

	Interposition arthroplasty for post-traumatic osteoarthritis of the elbow: a systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion criteria
	Exclusion criteria
	Search strategy
	Study selection
	Data extraction
	Methodological quality

	Results
	Study selection
	Study characteristics
	Functional outcomes
	Complications

	Discussion
	References


