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Abstract

Background: The best treatment strategy for fractures to the posterior malleolus (PM) is still intensively debated. The
aim of this systematic review was to compare the patient-rated outcome following open reduction and internal fixation
(ORIF) for fractures of the PM to either closed reduction using AP screws (CRIF) or no treatment in bi- or trimalleolar
ankle fractures.

Methods: Systematic literature research (MEDLINE (PubMed), CINAHL, Scopus, Central and EMBASE) according to
the PICOS and PRISMA guidelines. Eligible were studies comparing the outcome following ORIF to any other treatment
strategy for fractures to the posterior malleolus in isolated bi- or trimalleolar ankle fractures.

Results: Twelve studies were eligible for a qualitative analysis and 6 for a quantitative analysis. Overall, a considerable
heterogeneity among the studies was observed. The most commonly used outcome score was the American Orthopaedic
Foot & Ankle Society ankle-hindfoot score (AOFAS). The final follow-up ranged from 12 to 160 months. Four studies
compared ORIF to CRIF of the PM. The quantitative analysis revealed significantly better AOFAS scores for ORIF (90.9
vs 83.4 points; P<<.001; ?=0%). Three studies compared ORIF to untreated PM fragment. The quantitative analysis again
revealed superior AOFAS scores for ORIF (92.0 vs 82.5 points; P<<.001; *=99%). A similar trend was observed for the
Ankle Fracture Scoring System and American Academy of Orthopaedic Surgeons Foot and Ankle Questionnaire scores as
well as the quality of reduction.

Conclusion: Despite a considerable heterogeneity, the data available point to a superior outcome following ORIF for
fractures to the PM when compared to CRIF or no treatment.
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Introduction addressed. Among all fragment sizes, the treatment indica-
tion is considered as highest effect on the stability of the

Ankle fractures are common injuries. It is well accepted ankle—respectively the tibiofibular joint—which is a

that the patient-rated outcome correlates with the severity
of the fracture.>'> With the increasing application of com-
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Table |. Search Strategy MEDLINE (PubMed).

("ankle fractures"[MeSH Terms] OR ("fracture*"[Title/Abstract] AND ("ankle"[Title/Abstract] OR "mall*"[Title/Abstract] OR
"trimall*"[Title/Abstract] OR "bimall*"[Title/Abstract])) AND ("post™'[Title/Abstract] OR "Volkmann*"[Title/Abstract])) AND
("surgery"[MeSH Subheading] OR "surg*"[Title/Abstract] OR "operative"[Title/Abstract] OR "operation"[Title/Abstract] OR
"postop*"[Title/Abstract] OR "fixat*"[Title/Abstract] OR "open reduction"[Title/Abstract] OR "repair"[Title/Abstract]) AND
("Treatment Outcome"[Mesh] OR "treatment*"[Title/Abstract] OR "manage*"[Title/Abstract] OR "Cohort Studies"[Mesh] OR
"compar*"[Title/Abstract] OR "outcome*"[Title/Abstract] OR "result*"[Title/Abstract] OR "prognos*"[Title/Abstract] OR "follow-

up"[Title/Abstract] OR "follow up"[Title/Abstract])

Table 2. Eligibility Criteria per the PICOS Criteria.

Participants
Intervention

Adult patients with an isolated bi- or trimalleolar ankle fracture involving the posterior malleolus
Open reduction and internal fixation (ORIF) of the posterior malleolus
Closed reduction and internal fixation (CRIF) by anterior to posterior (AP) screws or untreated fractures to the

Any objective outcome measure including patient-rated outcome measures (PROMS), visual analog scale, or range of

Comparison
posterior malleolus
Outcomes
motion reported separately for each group.
Study design Orriginal articles, cohort studies (retrospective and prospective)

widely used argument for open reduction and internal fixa-
tion of the PM fragments via the posterolateral approach.

This approach has been challenged by the landmark
paper of Gardner et al.'> Nowadays, fractures to the PM are
considered as bony avulsions of the posterior inferior tibial-
fibular ligament (PiTFL). Therefore, ORIF of the PM does
not only reconstruct the bony anatomy of the tibiotalar and
tibiofibular joints but also reduces the fibula in the tibial
groove and restores the ligamentous stability of the
PITFL.*'228 Consequently, an increasing number of authors
today recommend ORIF of the PM fragment.>?22344

ORIF of the PM fragment attempts to tease the realign-
ment of the plafond and stabilization of the tibiotalar joint.
Furthermore, realignment of the syndesmosis and the distal
tibiofibular joint via the PITFL can be attempted.

Despite the above-mentioned advantages of ORIF of the
PM fragment, the actual benefit for the patient remains
debated. Previous studies have reported inconclusive resu-
Its,#10:17:2441.82 byt no study has conducted a systematic,
cumulative analysis of the studies available. Therefore, the
aim of this systematic review was to compare the patient-
rated outcome of ORIF of the PM fragment to either closed
reduction and internal fixation (CRIF) AP screws or
untreated PM fragments in bi- or trimalleolar ankle frac-
tures involving the posterior malleolus.

Methods

This systematic was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines®® and was a priori registered to
PROSPERO.

Search strategy

MEDLINE (PubMed), CINAHL, Scopus, Central, and
EMBASE were searched for original studies published
from inception to the June 30, 2021. A gray literature search
for conference proceedings in both Scopus and EMBASE
was performed, and all references of the studies included
were hand-searched to identify studies that might have been
missed by the systematic search. The search strategy was
established for MEDLINE (PubMed) and adapted for the
other search engines accordingly (Table 1, Supplemental
Table 1).

Eligibility Criteria
The eligibility criteria were designed according to the
PICOS criteria** and are illustrated in Table 2.

Exclusion criteria were isolated fractures to the PM, frac-
tures other than to the ankle, pilon fracture, missing objec-
tive outcome data, and biomechanical or computational
studies. Publications were excluded if non-English, non-
French, non-German, non-Spanish, or non-Portuguese.

Data Extraction

Each database was searched separately; the data sets were
exported to Endnote (version 20.1; Fa. Clarivate) and dupli-
cates were removed. The final data set was exported to
Covidence (Melbourne, Australia). Two reviewers indepen-
dently first screened the title and/or abstracts and then the
full texts. Conflicts were resolved by discussion with a third
reviewer.
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Standardized data extraction sheets were created and
completed for each included paper separately. The follow-
ing data from each included paper were collected: study
design, sample size, demographics, fracture details, treat-
ment details, imaging details, quality of reduction, follow-
up time, radiographic analysis, and any objective outcome
measures as defined above. Objective outcome measures
were defined as primary outcome parameters. Further fea-
sible parameters were collected as secondary outcome
parameters and included to analysis.

Risk of Bias Assessment

The level of evidence and risk of bias assessment were
again performed by 2 reviewers independently.
Disagreements were resolved by discussion with a third
reviewer. The level of evidence was assessed by the level of
evidence rating system introduced by Wright et al.** The
risk of bias assessment was performed using the
Methodological Index for Non-Randomized Studies
(MINORS). The MINORS Tool is regularly used for ran-
domized and nonrandomized studies and scores between 0
and 24 points. 364

Data Synthesis and Analysis

The retrieved data sheets were analyzed for comparable
data and finally merged to a final database. In case 3 or
more studies revealed a sufficient comparability (inclusion
criteria, fracture details, treatment details, outcome param-
eters, follow-up), a meta-analysis was conducted. In case of
insufficient comparability but comparable treatment groups
and outcome parameters, a quantitative analysis was per-
formed to illustrate the current outcome trend* using the
Cochrane RevMan 5.4.1 (random effects method [inverse
variance]; effect measure: mean difference).’? Shi et al®’
data had to be converted to SD; this was done as described
by Wan et al.** Finally, data were presented with mean val-
ues = SD. The I test was used to assess the heterogeneity
within the model. The following classification was used to
describe the statistical heterogeneity:!! 0% to 40% = not
important heterogeneity; 30% to 60% = moderate hetero-
geneity; 50% to 90% = substantial heterogeneity; 75% to
100% = considerable heterogeneity. Furthermore, if possi-
ble, the quality of reduction, the frequency of additional
transsyndesmotic fixation, and the degree of osteoarthritis
per the different PM fragment treatment strategies were
analyzed.

Finally, if feasible in the quantitative or qualitative anal-
ysis, the calculated mean differences that are of clinical
importance will be presented as the minimal clinically
important difference (MCID) for the PROMs in ankle
fractures.

Results

The study selection process is outlined in Figure 1. The
herein applied search strategy resulted in 7942 studies after
removal of duplicates. A total of 370 studies were full text
screened. Mertens et al** and Marques Ribeiro et al?? were
contacted and provided more detailed data or data analysis,
which were used in the following. Mean values of Saygili et
al** were calculated manually as they provided data for each
patient separately. Xu et el*® were contacted but no informa-
tion about the operative technique could be received.
Twelve studies were eligible and were included for qualita-
tive synthesis (Tables 3 and 4). Seven studies contained data
on the PM fragments >25% and 4 studies on PM frag-
ments <25% (Table 4, Supplemental Figure 1). Although
the way the PMF size was assessed differed considerably,
only one study by De Vries et al reported on significant
group differences, whereas O’Connor et al did not report a
significant difference of the PMF size within the different
groups (P=.9). All other studies (if judged based on the per-
centage values presented), apparently included similar sized
PMFs in their treatment groups (Table 4). Finally, 6 studies
were included in a quantitative analysis.

Two studies were rated as level I according to Wright et
al®, 2 studies level II and 8 studies level III. The mean
MINORS score®® of all studies included was 19.6 points
(range: 17-23) (Table 3). Seven studies compared ORIF to
CRIF!7:22:3435414246 and 6 studies ORIF to untreated PM
fragments!'®!13:18223437 and 2 studies compared ORIF to
CRIF to untreated PM fragment.??>3* The ORIF groups var-
ied per the surgical approach and the choice of implants.
Two studies pooled screws and plates for their ORIF
group.'%37 Mertens et al** was the only study to present
pooled data for CRIF and untreated PM fragments. Overall,
the studies included revealed a considerable heterogeneity,
regarding the fractures included; the size of the PM fragment
(based on the description by Langenhuijsen et al); the surgi-
cal treatment strategies for the posterior, lateral, and medial
malleolus; the follow-up durations; and the type of outcomes
assessed. Because of this heterogeneity, a meta-analysis
appeared not appropriate. Still, if any parameter would be
assessed in a comparable manner and would be reported by
3 or more studies, the authors aimed to perform a quantita-
tive analysis in order to objectify the results despite the con-
siderable heterogeneity. Still, the PM fracture sizes described
were heterogenous among this systematic review and were
described in their feasible subgroups in Table 4.

Primary Outcome Parameters

Objective outcome measure. The objective outcome parame-
ters assessed are presented in Table 4. Similar outcome
parameters, assessed in at least 3 studies, were the American
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Central
n =246

Cinahl Embase PubMed
n=911 n=2523 n = 2585

Scopus
n= 2417

8682 Studies

> 740 Duplicates

7942 Studies screened

y

7572 Studies irrelevant

370 Full-text st

udies screened

- 59 Language

- 5 Duplicates
- 6 No full-text

- 2 Overviews

357 Studies excluded:

- 228 Study design

- 16 Only abstracts

- 2 Biomech./cadaver
- 28 No follow-up

- 12 Technical reports

12 Studies included for qualitative synthesis

6 Studies included for quantitative analysis

Figure 1. Flow chart following the PRISMA guidelines. 5 different scientific data bases were searched and 8682 studies found. Finally,

12 studies were included for qualitative synthesis and 6 studies for quantitative analysis.




‘(61 = u) 340Y0d 2A1323ds0132. B YUM 310Y0d dA1323dso.d e pauedwod [e 38 suSIB,
'9|q®1 SIY3 Ul DUSPIAD JO | [9AJ] SB PQLIISP SI 31 ‘UIOD B Jo dijj UO Paseq sem UONEBZIWOPUE. SY3 st AdIIdSNUBW JI9Y3 Ul || 92USPIAS JO [9A9] PAQLIDSP B 39 3uey,

w 4 4 4 4 0 4 4 4 [4 [4 [4 C Il USPNY UoA
1T [4 [4 [4 4 | 0 4 [4 [4 [4 4 4 | 1#?IAOPIA
Ll [4 4 4 4 0 0 4 [4 [4 0 | [4 ] ££UNSOL
€T [4 4 [4 4 | [4 4 [4 [4 C [4 [4 Il €luS
61 [4 4 T T 0 [4 4 [4 [4 0 I [4 i pelliBAes
wO4RPqNy
Ll [4 [4 [4 [4 0 0 [4 [4 [4 0 | [4 sanb.rely
Ll [4 4 4 4 0 0 4 4 [4 0 | [4 1] gz OUU0D.0
w [4 [4 [4 4 | | [4 4 4 4 [4 [4 1] qypzSURIPIY
€T [4 4 4 4 | [4 4 4 [4 4 C [4 I vg SUEY
8l [4 4 [4 4 0 | 4 [4 [4 0 | C ] nWRIR
6l [4 4 4 4 0 [4 4 [4 [4 0 | [4 ] si@lImse(
Ll [4 4 4 4 0 0 C [4 [4 0 | [4 1] 01SPHA RQ
24035  sasAjeuy sdnoug sdnoug dnoug az15 Apmg aya %G > Apmg ayy jo wry  aulodpug Apnag Apmg ay3 jo wiy eleq sjuafed wily  9dUSpIA  Joyiny Isdi4

[edonsnels  jo adusfeAinby  Asesodwsiuo)y  [osuod jo uonende)  dn-mojjo4 sy1 o1 srelidoaddy Sy3 Jo Juswissassy  ay3 01 elidouddy  Jo UOIIB|OD  SABNIASUOD  PIIBIS  JO [9AST]

a1enbapy suljaseg 91enbapy uy  aAndadso.y 0315507  poliad dn-mojjo4 paseiqun sutodpug aAndadsold  jo uoisnpu|  Ales|D v
4 I 0l 6 8 L 9 S 4 € [4 |

471001 SYONIIA 2Y3 Jod Juswwssassy Seig JO J[SIY PUE ¢, |B 39 IYSLIAA O3 SUIPJIOIDY DDUSPIAT JO [9A9T] °€ S|qeL

731



"%ST > S4Wd Bupnjput Ajuo saipnag
:AeJ8 3y81 “ured Joj ajeds Sojeue [BNSIA ‘YA 940G JUSISSISSY UOIIDUNY [BID[SO[NISN] 1IOYS ‘WIS ‘9E-WI0 1I0YS ‘9E-4S ‘uonow jo asuey ‘WOY ‘sydeidoiped Xy 9A1d2dsou1a4 “0119Y ‘[l P3||0.IUOD PIZIWOPUE ‘] DY
©9A3dadsoud “so.g ‘24n3dedy snjod|[ew JoLiR3sod ‘Jld {sNjodjjew Jolia1sod ‘g ‘IOoLaIUR-40LIRISOd ‘v UoiIeX) [BUISIUI PUB UOIINPaJ URdO ‘{IYQ ‘9403S SHIIYIIBOISO D402S-YO 9|qedl|dde 1ou ‘yN ‘adieuuonsandd spjuy
PUE 3004 PJojXQ-J191s3Yduely ‘DIXOM suoisuswiq § a7 jo Alend ueadoung ‘qs-0O7 ‘AydesSowol paandwod ‘| 5 tuonexiy [BulSlul PUB UOIDNPAJ PISO|D ‘4IYD ‘40LI9ISOd-IOLIRIUE 'V 9SAYIUASORISQ IBYISUIRWRSSIDGIY
‘OV {w21sAg BulI03G 94mdBI4 IPjUY ‘SS{Y (9403S 300JpuIy-dpjue A19120S 3pjuy @ 1004 dipaedoyliQ UedLIBWY ‘SY{OY 2JIBUUonSand) dpjuy pue 1004 suoad.ing dipaedoyliQ Jo Awapedy uedlswy ‘SOVY SUOBIARIqqY

VN 24038 sisolyY @I-t1) (1) £0'| :deo (12) %6'Sk SMI28 JI¥D 4Wd Pa3ed0jsip & w (5107) e
50> Ss4v VN VN 1 50> 90 :deo VN %'ty 21ed IO pareIs 30N am saanydey apjuy 'so4d 33 U3pny UoA
=
X 6:deD
=<
43 x g :dorg %S1T 1 SMOS 414D
uoS.eg > %
W 3J03S SIYLY | daag
LY OEl WoY (YN) =< (VN) £l (5100) gl®
€0-81° V4IWS VN VN 6+S €9 x 7 :deg 3 %9TT 21ed IO pareIs 30N -2{03][ewiti | ‘ou19y 39 J0UU0D,0
(wwz>)
%6EL
e w SMO.S 414D
(wwz>) %ST< 92 Wd
(67-21) (x¥) %8'56 12) SMaS ‘wiw z< padejdsip 14 (2100
L0° WOY VN VN 50z 0 deo VN %ST< T Vd 4O 12y IB{O3|[ewL | 12y 1518 32 2AOPIA
(wwz>)
%LT8
08 85700T :deo 4] SMOS 414D
(wwz>) %ST< 97Is Wd
14 SVA (1) %6 (12) suan Ajyauow ‘ww z< padedsiq [14 (2100
1€€ WOY veo® 8 TSF661 8€0° deo VN %ST< 9 a1ed IO 4q 3uswuBisse dno.s €12/ €87POV 'sod sl 3 148
%ST< X €
560 :da3g %ST01 X 6
087 ¥'98 [adl | «des %01> X 8 0z SMOS J1YD
%ST< X T
800 :dorg %ST0I X L .2dAa uopexy ay3 jo
I'v+ 8'€6 €91 (xy) €20 :deo %01> X ¥ €l SMAIS YO 3[2s 3Y3 40j pasn
uogieg 100"> %ST< X 9 2Jom (3uawadedsip
34025 sUYLY “nvum %ST JO Junowe kmN_m
86’ SVA 100"> 7€0 :da3g (x¥) %01 X S| uswBely 89) 8l (8107) Ell'e]
e WOY 50°> €57 LY6 1 «deo 95°0 :deo VN %01 > X €1 e 21ed J4O L2110 JYYads ON,, -ejo3][ewiti | ‘ou19y e 30 wajey A 41O
990" :pareanun T8 %S T %861 9% parea.nun
SA JNO SMaUDS
100° 9'€8 (x4) (12) ol dv 4D %ST> 32 Wd 6l (t100)
VN VN 414D SAJNO L68 P wnwiuy VN VN VN %BLYT%OT L1 a1e(d IO 22us.3j2.d suoagng -ejo3)[ewtd | o2y vl 39 11i3Kes
s paaeanun 210403 9AR2ds0.304 01
143 SVA 9'8L 869y (X¥) (12) 8 SMIS J14D pa-edwiod (YO Ajuo) w (0z07)
o aso3 S9¢° 6€L YUEL VN VN VN %05> 6€ a1ed 3140 24040> 2And2dsoug %0§> 7! Wd ‘o12y 42le 39 SudLIBY
(96+2) 980 :do3g
»ro° SVA 08+8¥8 [3£=2:14 (x) €7:deo (4 parea.nun porea.nun
w as-03 i (0940 : §g' :da3g (12) 9 SMADS JID %ST> 92IS Wd L1 2(1207) 041Pqry SA 4D
s€ Nel7% 990 €66 98FEI€ € :deg VN %ST> vl a1ed 4140 paeIs 10N “ejo3][ewt | ‘onay sanbuely A 4140
uondnpaJd
pasopd siapuly
uonisod.aiul anssi Jo
VN VN %S> 43 paeanun sisowsapus 01 afewep
(x¥) (xy) %S< 9l peaanun pauwnsse yi (yoeo.dde 6l (e861)
50> 43G9 VN VN ¥'89 VN VN VN %S< vl SM13S JIYO [EIpaW BIA) J14O 2|03 [t /19 ‘o.19y 51[2 39 Bijjse]
165" 24035 YO 61 %91 143 paseanun
05y’ SVA (982-90) (xy) (x) M08 IIWd W L1 (5000)
¢ Ss4v VN VN 091 850 Il 100> %0€ 1 /23e(d 44O paess 30N 24n3dey 3pjuy ‘o.2y o183 LA 20
oL | de3g %EIT [34 parea.nun
Jiliq uea ajeds (1s-z1) 1) (10) RISEES Ll (8107
100° SRLYIEORSO 100> % sI 910> 0 :doig VN %6'8T oz o3Id 4O sousIaje.d suoaSng _rejosjewii | -onr9y Lele 30 unso |
%ST%01 3215 WNd
19" 9€-45 9+ L06 [(2424] (1) (12) 0¢ peaea.nun ‘| 1yandesey (6100) pajea.nun
L£0° SOvY 601’ 9TF 876 24 £50° VN %ST-%01 [43 SMI3S JIYO 12y PAREEPVITR'EN €2.12Y @ile 39 Buey) A 4O
|N[eA 4 Jo1awedey aNfeA 4 24035 (e8uey) (Lorxy) ww (Lorxy) % u Juaunesd | Juswiesd | BISID uoIsn|dU| SYONIW Jed A /doyany
[awonno uealy ‘ow ‘dn an[eA d aneA 4 03 uonedo||y pa3eIOSSy-a4n3dR4 Juisag
Jayaang -MOJ|04 [euly
SY40vV uononpay jo Auend 2715 wawdeuq |d

"POPN|2U] SAIPNIS 7| dY3 JO MIIAISAQ ‘b dlqeL

732



Miksch et al 733
ORIF CRIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kalem ORIF Plate vs CRIF 94.7 5.29 34 86.4 7.97 20 20.3% 8.30[4.38, 12.22] —
Kalem ORIF Screws vs CRIF 93.8 4.05 13 86.4 7.97 20 18.3% 7.40([3.27,11.53] I
Ribeiro ORIF Plate vs CRIF 93.29 4.23 14 81.17 7.4 6 7.8% 12.12 [5.80, 18.44]
Saygili ORIF Plate vs CRIF 89.7 5.4 17 83.6 3.86 10 25.4% 6.10 [2.59, 9.61] —
Shi ORIF Plate vs CRIF 87 9.25 64 80 9 52 28.1% 7.00[3.67,10.33] -
Total (95% Cl) 142 108 100.0%  7.51[5.74,9.28] <&
e Chi2 — _ _ C12 = 09 + + + +
Heterogeneity: Chi* = 2.91, df = 4 (P = 0.57); | 0% 50 10 ) 0 20
Test for overall effect: Z = 8.33 (P < 0.00001) Favours CRIF Favours ORIF

Figure 2. Forest plot comparing AOFAS of ORIF vs. CRIF treated PM fragments. AOFAS was significantly better in the ORIF treated

groups (P <.001).

Test for overall effect: Z = 14.47 (P < 0.00001)

ORIF Untreated Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% ClI
Kang ORIF Screws vs Untreated 92.8 2.6 32 90.7 4.6 30 46.8% 2.10[0.22, 3.98] -
Saygili ORIF Plate vs Untreated 89.7 5.4 17 87.21 6.36 46  16.5% 2.49 [-0.67, 5.65] T
Tosun ORIF Plate/Screws vs Untreated 92 2.63 20 70 4.88 29 36.7% 22.00[19.88, 24.12] —-
Total (95% CI) 69 105 100.0%  9.47 [8.19, 10.76] <

iy 2 — L2 = 0, + + + +
Heterogeneity: Chi? = 212.57, df = 2 (P < 0.00001); I* = 99% 5o 1o ) ) 20

Favours Untreated Favours ORIF

Figure 3. Forest plot comparing AOFAS of ORIF vs. untreated PM fragments. ORIF showed significantly better PROMs regarding

AOFAS compared to the untreated group (P <.001).

Orthopaedic Foot & Ankle Society ankle-hindfoot score
(AOFAS)" in 7 studies, 182224343537 the degree of osteoar-
thritis in 6 studies,'®!728374246 the visual analog scale for
pain (VAS) in 4 studies,'®!”?43% and the range of motion
(ROM) in 4 studies.'?%33#1 All but 1 study'® assessed the
objective outcome at final follow-up, which varied between
12# and 160months.'® The AOFAS score was the only
objective outcome measure assessed identically in all stud-
ies. Consequently, the AOFAS was the only parameter suit-
able for a cumulative analysis.

AOFAS score. Those studies reporting the AOFAS score
were grouped per the comparator, that is, ORIF vs CRIF AP
screws and ORIF vs untreated PM fragment. In case studies
including both comparators, that is, ORIF vs AP screws vs
untreated, these were included separately in both analysis.
Mertens et al** did not differentiate between CRIF and
untreated patients and could therefore not be grouped per
the comparator. Consequently, the study was excluded from
the quantitative analysis.

ORIF vs CRIF. Four studies, compromising of 5 groups,
compared ORIF vs CRIF AP screws (0 randomized con-
trolled trials, 1 prospective study, 3 retrospective stud-
ies).!7223435 Per the individual studies, 3 studies (4 groups)
reported significantly better AOFAS scores for the ORIF
group'7343 and 1 retrospective study found no significant
differences? (Figure 2): No study reported significantly
better AOFAS scores for the CRIF AP screw group. Taken

together in the quantitative analysis (Figure 2), 142 patients
treated by ORIF and 108 treated by CRIF were included.
Because of varying data, no weighted mean follow-up could
be calculated. The follow-up periods varied between 14.4!7
and 31.3months.?? The quantitative analysis revealed sig-
nificantly (P <.001) better AOFAS scores following ORIF
(weighted mean: 90.9 points) compared to CRIF (weighted
mean: 83.4 points) with a mean difference for the AOFAS
score of 7.5 points. The model resulted in a low level of
heterogeneity (2=0%; P=.57).

ORIF vs untreated PM. Three studies compared ORIF to
no treatment for the PM fragment (1 randomized controlled
trial, 0 prospective, and 2 retrospective studies).'$3%37
One retrospective study by Tosun et al*’ reported signifi-
cantly better AOFAS scores for the ORIF group and the
prospective study by Kang et al,'®** and one retrospec-
tive study found no significant differences (Figure 3). No
study reported significantly better AOFAS scores for the
untreated PM group. In the quantitative analysis (Figure 3)
the results of 69 patients treated by ORIF were compared
to 105 patients with untreated PM fragment. The follow-
up varied between 15*7 and a minimum of 24 months.>*
Again, ORIF (weighted mean: 92.0 points) resulted in bet-
ter AOFAS scores compared to untreated PM fragments
(weighted mean: 82.5 points) with a mean difference of
9.5 points. The test for overall effect retrieved a P value
of .21. The analysis revealed a high level of heterogeneity
(=99%; P <.00001).
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For the ORIF vs CRIF comparison, the mean weighted
SDs were 6.1/7.1 points and for the ORIF vs untreated PM
fragments 3.1/5.0 points.

Other PROMs

Two studies reported outcome based on the Ankle Fracture
Scoring System (AFSS).'%*? De Vries et al'’ found no sig-
nificant differences (P=.362) comparing ORIF to no treat-
ment of the PM fragment. von Riiden et al*? reported
significantly better AFSS scores for ORIF compared to
CRIF with AP screws (P <.05). Two studies assessed the
American Academy of Orthopaedic Surgeons Foot and
Ankle Questionnaire.'®??> One of these reported signifi-
cantly better results (P=.037) for ORIF compared to the
untreated PM group,'® and the second study found no sig-
nificant differences (P=.35) comparing ORIF to CRIF.?
Two studies assessed the health-related quality of life using
the EQ-5D reporting. Mertens et al** reported no significant
differences between the ORIF and plate cohort compared to
the CRIF/untreated group as well as Marques Ribeiro et al??
comparing ORIF plate and CRIF screws.

Secondary outcome parameters

Qudlity of reduction. Data on the quality of reduction was
reported in 9 studies. But there was a considerable hetero-
geneity on what parameters were used (ie, reduction gap
[mm]10,17,18,22,28,35,41,42 or articular step-off [mm]l7,22,28,37)’
and how the quality of reduction was assessed (ie, plain
radiographs! 172224343741 o CT183542) Jaskulka et al'® and
O’Connor et al® did not specify the type of imaging use.
Therefore, no quantitative analysis could be conducted.
Overall, 5 of 9 studies!"?>3>*:42 reported a significantly bet-
ter quality of reduction when the PM fragment was treated
by ORIF compared to CRIF. One study®’ showed improved
quality of reduction after ORIF of the PM fragment com-
pared to untreated PM fragment. Three studies'®!%2® found
no significant difference: 2 studies compared ORIF with
untreated PM fragment, one study compared ORIF vs CRIF.

Transsyndesmotic fixation. Four studies reported on the
frequency of transsyndesmotic fixation per the differ-
ent PM fracture treatment strategies. One study compared
ORIF to untreated PM fractures, with significantly fewer
transsyndesmotic fixations in the ORIF group (5% vs 52%;
P=.002).” Two studies compared ORIF to CRIF reporting
no considerable differences per the frequency of additional
transsyndesmotic fixation.'”?® Saygih et al** found addi-
tional syndesmotic stabilization in 18% for ORIF, 30% for
CRIF, and 67% for untreated PM fragments.

Osteoarthritis. Five studies'®!7283742 reported on the
degree of osteoarthritis, but used varying classification sys-
tems. The follow-up ranged between 12*? and 160 months.'°

Only 4 studies performed a statistical analysis.'®!7?%37 Two
studies used the scoring system of Bargon’ and found no
significant differences between ORIF and CRIF.'”?® One
study applied the osteoarthritis scale by van Dijk*® and
found significantly better results for ORIF compared to
untreated PM fragments (P=.007).3” De Vries et al'® found
no significant differences between ORIF and untreated PM
fractures (P=.597) using the Osteoarthritis Score.

Discussion

Twelve studies were included in the qualitative analysis and
6 studies in the quantitative analysis. The quantitative anal-
ysis revealed significantly better AOFAS scores for patients
treated by ORIF compared to CRIF (Figure 2). Better results
with no statistical significance were observed comparing
ORIF to untreated PM fractures (Figure 3). A similar trend
was observed for the qualitative analysis of the AFSS and
the American Academy of Orthopaedic Surgeons Foot and
Ankle Questionnaire. Per the secondary outcome parame-
ters, ORIF resulted in a significantly better quality of reduc-
tion. In contrast, only 1 study, by van Dijk et al,*® showed
significantly lower scales of posttraumatic arthritis.
Frequency of additional transsyndesmotic fixation follow-
ing ORIF or other treatment options of the PM fragment
was heterogenous among all groups.

The AOFAS was the most used score and therefore the
predominant outcome parameter. Despite its frequent use in
foot and ankle research, the AOFAS has been questioned
for its validity, responsiveness, and applicability.”'4?1-?° Per
the AOFAS Score, ORIF of the PM (vs CRIF/untreated)
resulted in overall excellent (90.9 points/92.0 points; 90-100
points), CRIF and untreated PM fragments in good
(83.4/82.5 points; 75-89 points) results.! Whether the herein
calculated mean differences of 7.5/9.5 points (ORIF vs
CRIF/untreated PM fragments) are of clinical importance is
debatable as the minimal clinically important difference
(MCID) for the AOFAS score in ankle fracture patients is
unknown.?*3! The AOFAS MCID for hallux valgus has
been reported to be 8.9 (SD 1.2) points.® Other studies have
suggested that the MCID resembles 50% of the observed
SD.'%27 For the ORIF vs CRIF comparison, the mean
weighted SDs were 6.1/7.1 points and for the ORIF vs
untreated PM fragments 3.1/5.0 points. MCIDs resembled
<50% in this review regarding the treatment comparison
based on the PROMs on AOFAS. Consequently, it seems
reasonable that ORIF of the PM results in clinically signifi-
cantly better AOFAS scores than CRIF or untreated PM
fragments. Still, this was not a statistical finding but a clini-
cal one.

Furthermore, comparison between varying operative
techniques to studies where a further cohort included non-
operated PM fragments should be mentioned as clinical
findings suggesting improved AOFAS scores after ORIF
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were described within this systematic review. Saygili et al
were the only authors reporting AOFAS score for an ORIF
cohort, a CRIF cohort, and an untreated PM fragment cohort
within the quantitative synthesis (Figures 2 and 3). All other
authors showed data of 2 cohorts.

One of the major factors for impaired functional out-
come following surgical treatment of ankle fractures is
posttraumatic arthritis.** Risk factors for posttraumatic
arthritis include the fracture severity>* as well as the degree
of bony and syndesmotic reduction.*

Despite the higher quality of bony and possibly syndes-
motic reduction, the benefit of ORIF on the development of
posttraumatic arthritis remains unknown. Only 4 studies
assessed the degree of posttraumatic arthritis in more detail,
with inconclusive results.'%!7-2842 Still, the degree of post-
traumatic arthritis was only assessed on plain radiographs
with a short-term follow-up (mean follow-up <24 months
in 3 of 5 studies). It can be hypothesized that the follow-up
period was too short to find radiographic apparent osteoar-
thritic changes.

Whereas the fracture severity is a nonmodifiable risk
factor, both the degree of bony and syndesmotic reduction
are possibly modifiable by the treatment strategy of the PM
fragment. Although not specifically designed to answer
these questions, 9 studies included in the herein presented
systematic review also reported on the quality of bony
reduction per the different PM fragment treatment strate-
gies. Even though limited because of a considerable hetero-
geneity, ORIF apparently resulted in a superior quality of
reduction compared to CRIF!7?%354142 and untreated PM
fragment.’’

Whether ORIF does also result more frequently in an
anatomical reduction of the syndesmosis could not be
assessed in this review, as only 3 studies assessed the qual-
ity of reduction on postoperative CT images'®*>* and it
remained unknown, whether this was done on uni- or bilat-
eral images. Still, only 2 of these studies conducted a fur-
ther statistical analysis. O’Connor et al?® and Tosun et al®’
showed significantly lower rate of transsyndesmotic fixa-
tion in the ORIF group. A significant reduction of additional
transsyndesmotic fixation following ORIF of the PM frag-
ment, compared to CRIF or untreated PM fragments, has
been reported in other studies as well.* Baumbach et al
stated that ORIF restores syndesmotic stability more often
than untreated PM fragment or CRIF as the syndesmotic
injury with the effect to stabilize the PITFL. Still, it is not
clear whether the prone position might have had an effect as
it was not described by the included studies. Actually, the
destabilization ankle fractures is bone- and ligament-
related. As on the one hand, fractures are fixed, ligament
injuries must be addressed to stabilize the ankle and its
joints—tibiotalar, tibiofibular, and fibulotalar—a complex
dependence on each other that underlines the importance of

evidence-based knowledge how to treat ankle fractures at
its best.

Limitations

Nevertheless, this systematic review has its limitations,
most pronounced in the heterogeneity within the included
studies. Each of these studies was dependent of different
decision making regarding how to treat PM fragments in
ankle fractures. Of those studies not (pseudo-)randomized,
3 did not state on the actual decision-making process. Four
studies stated that the decision was made “per the surgeon’s
preference.” Only 1 study, by Jaskulka et al,'” facilitating a
medial approach to the PMF, based its decision on ORIF vs
untreated based on the initial presentation of the fracture.

Future studies should use CT images to assess the size of
the PM fragment as well as the quality of reduction, clearly
differentiating between the different fracture types, that is,
bi- or trimalleolar fractures, and apply well-validated out-
come scores at defined follow-up periods with a sufficiently
long final follow-up. PM fragment sizes were heterogenous
in this systematic review independently described on which
radiologic image tools were used. These heterogeneities
prohibited not only a meta-analysis but also a sufficient
analysis of other co-founders, such as fracture severity or
the degree of syndesmotic reduction. Because ankle frac-
tures are such frequent injuries, it is essential to develop
evidence-based guidelines for their treatment. To develop
these guidelines, we as transsyndesmotic surgeons, must
agree on standards regarding the conduction of future stud-
ies. This is essential to increase the comparability and
thereby the conclusiveness of the studies available.

Despite these limitations, this is the first systematic
review to assess the patient-rated outcome of ORIF of the
PM fragment. The systematic review was conducted accord-
ing to the recommendations of PRISMA, including a well-
structured search strategy, applied to 5 databases, and a gray
literature search. Furthermore, only studies comparing
ORIF to either CRIF or untreated PM fragments were
included.

Findings

Despite a considerable heterogeneity between the studies
eligible for this systematic review, the data available point
to a superior patient-rated outcome following ORIF of the
PM fragment, compared to CRIF or no treatment.
Furthermore, ORIF of the PM fragment appears to result in
a favorable quality of reduction with therefore improved
sagittal plane stability and possibly lower rate of syndes-
motic fixation. High-quality randomized controlled trials
are needed to prove the herein observed trends and to define
clear treatment recommendations.
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