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Abstract

the fracture site.

Background: Nonunion is a rare complication for distal fibular fractures. However, when there is a high degree of
comminution, nonunion may occur. In this article, we describe a novel technique that uses the oblong hole of a
locking plate to lengthen the fibula for fracture reduction. This technique is straightforward and allows for easy
control of the comminuted fracture to restore length and rotation at the time of plate application without opening

Methods: Thirty-five consecutive patients, who were treated with the minimally invasive plate osteosynthesis
(MIPO) technique for comminuted distal fibular fractures were retrospectively studied. The study included 19 men
and 16 women, with a mean age of 47.0 years (range, 20 to 72). There were 3 lateral malleolar fractures with
deltoid injury, 11 bimalleolar fractures, 7 trimalleolar fractures, and 14 distal tibiofibular fractures. The quality of
fracture reduction was assessed by comparing the radiologic parameters (fibular length, talocrural angle, and medial
clear space) between the affected ankle and the contralateral uninjured ankle.

Results: Two patients were not reachable and 5 declined to visit the clinic. For these 7 patients, the latest
outcomes that were measured prospectively were used. Postoperative radiographs showed well-aligned ankle
mortise, with fibular length restoration. The mean Olerud-Molander ankle score was 82.1 + 10.7 at a mean of 27.2
months (range, 12 to 58). There was one case of nonunion and one case of superficial peroneal nerve injury.

Conclusion: The MIPO technique, using the oblong hole of a locking plate, achieved satisfactory restoration of
length and rotation, bone union, and clinical outcomes for the comminuted distal fibular fractures.
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Background

Ankle fractures are commonly treated by orthopedic
surgeons, and clinical results for open reduction and
internal fixation (ORIF) of unstable fractures are gen-
erally good [1-7]. Nonunion is a rare complication,
because the fracture frequently occurs in the
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cancellous portion of the distal fibula, where it is ad-
equately vascularized by numerous, randomly distrib-
uted, metaphyseal arteries that supply that region of
the bone. When it occurs more proximally, it is well
surrounded by the peroneus brevis muscle to enhance
healing. Malrotation and shortening can be more
problematic than nonunion. A malunited fracture
with fibular shortening and lateral talus shift is indi-
cative of a poor outcome, with pain, swelling, or stiff-
ness often leading to degenerative arthritis [8-10].
This may be the reason why surgeons prefer the open
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technique, which helps to achieve an anatomic reduc-
tion through direct visualization, compared to the
minimally invasive technique, which can sometimes
result in improper reduction by closed methods [11].
Furthermore, the open technique is much straightfor-
ward compared to the minimally invasive technique.
However, when there is a high degree of commin-
ution or when the fracture is opened, nonunion may
occur (Fig. 1). Standard open approach that violates
soft tissue attachments might jeopardize the viability
of the comminuted fracture fragments [7, 12—14]. Oc-
casionally, it is difficult to achieve anatomic reduc-
tion, even with the open technique, when the fracture
is highly comminuted [15]. Fractures with poor skin
condition may result in wound problems and infec-
tion as a result of using the standard ORIF. Minim-
ally invasive techniques are being used in fractures
around the ankle [16-18].

In this article, we describe a novel technique that
uses the oblong hole of a locking plate to lengthen
the fibula for fracture reduction. This technique is
straightforward and allows for easy control of the
comminuted fracture to restore length and rotation at
the time of plate application without opening the
fracture site.
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Materials and methods

Subjects

Thirty-five consecutive patients, who were treated with
the minimally invasive plate osteosynthesis (MIPO) tech-
nique for comminuted distal fibular fractures between
May 2014 and June 2018, were retrospectively studied.
Institutional review board approval was obtained, as well
as informed consent from all patients. Indications for
the MIPO surgery were distal fibular fractures with com-
minution or with extensive soft-tissue injury over the
fracture. Weber C ankle fractures with comminution,
and distal tibiofibular fractures with comminution on
the fibula, were indicated for the current technique.
Contraindications included Weber A and B fractures,
which could be treated with the standard ORIF. Open
fractures that required wound debridement were also ex-
cluded. Patients’ age, sex, mechanism of injury, concur-
rent injuries, and comorbidities did not constitute
factors for inclusion or exclusion. The study included 19
men and 16 women, with a mean age of 47.0 years
(range, 20 to 72). There were 3 lateral malleolar frac-
tures with deltoid injury, 11 bimalleolar fractures, 7 tri-
malleolar fractures, and 14 distal tibiofibular fractures.
According to the Lauge-Hansen classification [19],
among 21 ankle fractures, 14 cases were pronation-

Fig. 1 A nonunion is shown after open reduction and internal fixation of a comminuted distal fibular fracture
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external rotation fractures and 7 cases were pronation
abduction fractures.

Operative techniques

Under general or spinal anesthesia, the patient was
placed in a supine position with a thigh tourniquet. Ra-
diographs of the contralateral uninjured ankle were
taken with the C-arm image intensifier and saved for
later use as a reference for anatomic reduction of the
fracture. In patients with bimalleolar or trimalleolar
fractures, the medial malleolus was first stabilized to
allow for comparison with the contralateral uninjured
ankle, since symmetry of the clear spaces and other
radiologic parameters cannot be assessed without ana-
tomic reduction of the medial malleolus. In patients
with distal tibiofibular fractures, who were to be treated
with MIPO for both the tibia and fibula, the tibia was
fixed first, due to increased difficulty in reduction of
the tibia using closed reduction methods after fibular
fixation. The correct length of a locking compression
plate (LCP), namely, metaphyseal plate 3.5 (Synthes,
Solothurn, Switzerland), was chosen under C-arm
image intensifier. A small longitudinal incision was
made over the lateral malleolus, distal to the commi-
nuted fracture. The metaphyseal end of the LCP meta-
physeal plate, which is thinner than the opposite end,
was introduced through the incision and advanced
proximally over the periosteum and under the skin
without removing any fragments (Figs. 2a, 3a). On the
metaphyseal end of this plate, the third hole is an elon-
gated combi-hole. The plate was advanced proximally
until the distal portion of the elongated hole was posi-
tioned about 1 cm proximal to the fracture.

A second longitudinal incision was made proximal to
the fracture, and the plate was visualized in the proximal
incision. Great care was taken not to injure the superfi-
cial peroneal nerve [7]. The plate was adjusted so that
the most distal hole and the elongated hole could be
place on the center of the fibula (Fig. 2b). One cortical
screw was introduced in the most distal hole of the plate
and inserted into the center of the distal fibula to fix the
plate to the bone (Fig. 2b). However, the positioning or
the fixation of this screw was done in a manner to allow
for movement of the distal fibula during posterior frac-
ture reduction. Another long cortical screw was inserted
into the center of the proximal fragment through the
elongated hole as distally as possible, but not completely
against the plate (Figs. 2b, 3b). A threaded LCP drill
sleeve was locked at the second proximal locking hole
(Figs. 2¢, 3b). A bone holding clamp was used to grad-
ually compress the cortical screw and drill sleeve. One
arm of the clamp held the cortical screw, which was
connected to the proximal fragment, and the other arm
pulled down the drill sleeve when the clamp was
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compressed (Figs. 2d, 3c). As the drill sleeve was locked
on the plate, and the plate was fixed to the distal frag-
ment, the distal fragment could be pushed downward
and the fracture distracted when the bone holding clamp
was compressed (Figs. 2d, 3c). Another drill sleeve was
locked at the distal locking hole to hold the plate and
adjust to the longitudinal axis of the proximal fragment.
A bone hook was introduced to align the distal frag-
ment, and a reduction clamp was placed on the distal
end of the fibula to restore rotation (Fig. 2e, f). The
amount of distraction was determined by comparing a
fluoroscopic image of the affected ankle to that of the
contralateral uninjured ankle based on both the talo-
crural angles, a perfectly equidistant and parallel joint
space, and the contour of the lateral part of the articular
talus surface that continues as an unbroken curve to the
distal fibular recess (Fig. 4). The elongated hole of the
metaphyseal LCP 3.5 (Synthes, Solothurn, Switzerland)
was approximately 8 mm and this was the largest
amount of distraction that was possible using the hole.
However, additional 5 mm of distraction was possible
using another combi-hole of the plate.

When anatomic reduction with the correct fibular
length was achieved, screws were inserted through the
holes while the fibular length was maintained with the
clamp. Next, the clamp and drill sleeve were removed
so that other screws could be inserted (Fig. 3d). A lock-
ing plate with different manufacturers could also be
used when the plate had an oblong hole or figure-8
hole so that the screw could move longitudinally inside
the hole for fibular lengthening. For trimalleolar frac-
tures, reduction of the distal fibular fracture may indir-
ectly reduce the posterior malleolar fragment by
ligamentotaxis, thus eliminating the need for extensive
exposure and increased soft tissue dissection [20]. Per-
cutaneous screw fixation was performed as described
by Lee et al. [20]. Postoperatively, the patients were re-
stricted from weight-bearing for 6 weeks in a posterior
splint. When a syndesmotic screw was fixed for syndes-
motic injury, weight-bearing was delayed for 8 to 10
weeks. For distal tibiofibular fractures without syndes-
motic injury, reduction of the tibia usually reduced the
length of the fibular that did not require fibular length-
ening. However, using the oblong hole of a locking
plate and the present technique allowed for easy con-
trol of the comminuted fibular fracture to restore
length and rotation at the time of plate application
without opening the fracture site. In cases when frac-
ture gap had to be closed, it could be achieved by dis-
tracting the drill sleeve locked at the second proximal
locking hole proximally from the cortical screw
inserted through the oblong hole using a small laminar
spreader or a Gelpi retractor. Bone hook could be used
to realign the displaced fibula (Fig. 2e, f).
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Fig. 2 A locking plate with an elongated oblong hole was introduced through a small incision (a). One cortical screw was introduced in the

most distal hole @ of the plate and inserted into the center of the distal fibula. Another long cortical screw was inserted into the center of the
proximal fragment through the elongated hole @ as distally as possible, but not completely against the plate (b). A threaded LCP drill sleeve was
locked at the second locking hole ®. A bone holding clamp was used to compress the cortical screw and drill sleeve (c). One arm of the clamp
(Y) held the cortical screw and the other arm (X) pulled down the drill sleeve when the clamp was compressed (white arrow). As the drill sleeve
was locked on the plate, and the plate was fixed to the distal fragment, the distal fragment could be pushed downward (black arrow) and the
fracture distracted (dotted arrow) when the bone holding clamp was compressed (d). Another drill sleeve was locked at the distal locking hole ®
to hold the plate and adjust to the longitudinal axis of the proximal fragment. A bone hook was introduced to align the distal fragment, and a
reduction clamp was placed on the distal end of the fibula to restore rotation (e, f). When anatomic reduction with the correct fibular length was

achieved, screws were inserted through the holes @ while the fibular length was maintained with the clamp

Postoperative assessment

The quality of fracture reduction was assessed by com-
paring the radiologic parameters (fibular length, talo-
crural angle, and medial clear space) between the
affected ankle and the contralateral uninjured ankle
[21, 22]. Fibular length was defined as the distance from
the distal fibular tip to the distal tibial articular line.
The talocrural angle consists of the angle between the
distal tibial articular line and the line connecting the
tips of the distal fibula and medial malleolus. The med-
ial clear space consists of the distance between the
medial border of the talus and the lateral border of the
medial malleolus on a line parallel, and 5 mm below,
the talar dome (Fig. 5). The radiologic parameters were

measured by a single orthopedic surgeon blinded to the
study details. Fracture union was decided when simple
radiographs showed at least three of the four cortices
bridged by visible callus and on clinical aspects, such as
resolution of pain on the fracture site. Clinical outcome
scores were assessed with the Olerud-Molander scores
(OMS) [23]. The 100-point 9-category OMS is a vali-
dated scoring system that includes aspects of outcome
that are considered useful: pain, stiffness, swelling, stair
climbing, running, jumping, squatting, use of supports
and ability to work, and activities of daily living [23].
Patients were followed up for a minimum of 1 year at
regular intervals and were invited for a final follow-up
office visit for the study.
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Fig. 3 Fluoroscopic images show the technique. After introducing the plate through a small incision (a), cortical screws were inserted on the
distal hole @ and the elongated hole @ (b). A bone holding clamp was used to compress the cortical screw and the drill sleeve locked to the
plate ®. When the clamp was compressed, the distal fragment could be pushed downward (black arrow) to restore fibular length (c). Screws
were inserted through the holes @ while the reduction was maintained with the clamp (d)

Statistical analysis

Data normality was assessed by the Kolmogorov—Smir-
nov test. Paired ¢ test was used to compare the radio-
logic parameters between the operated ankle and the
contralateral normal ankle using the SPSS version 20.0
(SPSS, SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was defined at the 5% (p < 0.05) level.

Results

Two patients were not reachable and 5 declined to visit
the clinic. For these 7 patients, the latest outcomes that
were measured prospectively were used. The mean dur-
ation of follow-up was 27.2 months (range, 12 to 58).
Final follow-up radiographs showed well-aligned ankle
mortise, with fibular length restoration, on the fractured

Fig. 4 The amount of distraction was determined by comparing a fluoroscopic image of the affected ankle to that of the contralateral uninjured
ankle (a) based on both the talocrural angle, a perfectly equidistant and parallel joint space, and the contour of the lateral part of the articular
talus surface that continues as an unbroken curve to the distal fibular recess. The fluoroscopic image shows fibular shortening and increased
width of the medial clear space (b) which was restored after using the current technique (c)
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line (b). One-year follow-up radiograph shows good union (c)

Fig. 5 A preoperative radiograph shows a trimalleolar fracture with fibular comminution (a). A postoperative radiograph shows restoration of the
length and radiologic parameters. Talocrural angle (a) was defined as the angle between the distal tibial articular line and the line connecting the
tips of the distal fibula and medial malleolus. Fibular length (8) was defined as the distance from the distal fibular tip to the distal tibial articular

e,
Bhioed

ankle as compared with the contralateral uninjured
ankle (Table 1).

The mean OMS at the final follow-up was 82.1 + 10.7.
Thirty-four fractures healed in an average of 11.4 weeks
(range, 7 to 26). There was one case of nonunion and
one case of superficial peroneal nerve injury [24]. The
case with nonunion was combined with open distal tibial
fracture that was treated by ilizarov external fixation.
The tibia fracture was converted to intramedullary nail-
ing, and the fibular nonunion was asymptomatic and did
not require further surgery. One case with superficial
peroneal nerve injury was combined with extensive soft
tissue injury (Fig. 6). In this case, the superficial peroneal
nerve was suspected to be injured at the time of the
fracture.

The datasets used and analyzed during the current
study are available from the corresponding author upon
request.

Table 1 Radiologic outcomes

Discussion

The most important finding of the current study was
that the MIPO technique using the oblong hole of a
locking plate achieved satisfactory restoration of length
and rotation, bone union, and clinical outcomes for the
comminuted distal fibular fractures.

Several devices have been developed to enable minim-
ally invasive surgery for lateral malleolar fracture [12,
25-30]. Intramedullary nails are reported to be useful
and are associated with good clinical outcomes [12, 14,
30, 31]. Indeed, they are especially beneficial in small
skin incisions, minimal soft tissue dissection, and less
prominent hardware. However, we believe the locking
screw and plate system can build stronger construct to
maintain the length [32]. Locking plates are commonly
used for a “bridge plate” function, preserving periosteal
and soft tissue blood supply and providing fixed angle
stability. Locked internal fixation, used in conjunction

Fractured ankle* Contralateral uninjured ankle* P value
Fibular length (mm) 275+ 32 273 +36 0.27
Talocrural ankle (degrees) 789 £ 24 792 26 0.15
Medial clear space (mm) 24+ 04 25+ 04 0.16

*The values are given as the mean + standard deviation
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Fig. 6 An intraoperative photo shows extensive soft tissue injury
around the distal tibiofibular fracture. After applying temporary
external fixation for 2 weeks, minimally invasive technique was used
(). The wound healed without skin graft or flap surgery and the
fracture healed without infection (b)

with a minimally invasive approach, minimizes damage
and may optimize fracture healing.

The current technique uses a locking plate with a min-
imally invasive approach to lengthen the fibula and sim-
ultaneously stabilize the restored length and rotation.
There are several methods to distract the shortened fib-
ula without opening the fracture. An AO distractor can
be used, in which a plate is applied to the distal fibular
fragment, one arm of the distractor hooks into the prox-
imal end of the plate and the other arm is applied to a
temporary screw inserted proximal to the plate for dis-
traction [33, 34]. However, this technique requires prox-
imal extension of the incision and exposure for
temporary screw placement. Also, this technique re-
quires a special device (AO distractor) that may not be
available in all surgical settings. A pointed reduction
clamp can be used to distract the shortened fibula, as
well as a K-wire to temporarily maintain the length. This
is a useful method, but sometimes the K-wire may block
the placement of the plate [13]. In our technique, a plate
is applied to lengthen the fibula, allowing for
stabilization of the fracture reduction. In 35 consecutive
patients who were treated with our technique for com-
minuted distal fibular fractures, satisfactory restoration
of length and rotation was achieved, and all cases
achieved bone union, except for one case with open tib-
ial fracture that showed delayed union using an ilizarov
external fixator. We suspect that the unstable tibia nega-
tively affected healing of the fibula to result in nonunion.
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Minimally invasive techniques are being used in ankle
fractures [16—18]. However, there are some limitations
of using the MIPO technique for fibular lengthening.
For example, distraction is limited to the size of the ob-
long hole within the plate. However, when using the
elongated combi-hole and an adjacent combi-hole within
the LCP metaphyseal plate 3.5, a maximum distraction
of 13 mm is possible [35]. Even when the fibula is se-
verely shortened, reduction of talus under the tibial pla-
fond can pull, to some extent, the distal portion of fibula
by the lateral ligaments. Surgeons can use a reduction
clamp to purchase and distract the distal fibula in a
closed method while applying the locking plate, and sub-
sequently apply the current MIPO technique to precisely
restore the length and rotation under C-arm image in-
tensifier [9].

There are limitations to the study, including its retro-
spective design without a comparative group. We also
recognize that the relatively small cohort and single sur-
geon experience allow for less generalizability. The qual-
ity of fracture reduction and osseous consolidation were
not assessed with postoperative computed tomography,
which could also constitute as a limitation of the study.
Further comparative study, with larger numbers of pa-
tients with comminuted distal fibular fractures, is neces-
sary to clarify the advantages and disadvantages of the
current MIPO technique.

Conclusion

The MIPO technique, using the oblong hole of a locking
plate, achieved satisfactory restoration of length and ro-
tation, bone union, and clinical outcomes for the com-
minuted distal fibular fractures.
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MIPO: Minimally invasive plate osteosynthesis; ORIF: Open reduction and
internal fixation; LCP: Locking compression plate; OMS: Olerud-Molander
scores

Acknowledgements

Young Uk Park and Sung Jae Kim contributed equally to this work as the
first authors. We would like to thank Dr. Jung Hoon Shin for his devoted
work for this study. He passed away too soon before the submission of this
study. | still feel his breath that became air.

Authors’ contributions

HNK wrote the manuscript (original draft). YUP, SJK reviewed the manuscript
(review and editing). All authors read and agreed to its content and are
accountable for all aspects of the accuracy and integrity of the manuscript in
accordance with ICMJE criteria.

Funding
There is no funding source.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.



Park et al. Journal of Orthopaedic Surgery and Research

Declarations

Ethics approval and consent to participate

This study was approved by Hallym University Kangnam Sacred Heart
Hospital Institutional Review Board (IRB number: 2015-01-15). Informed con-
sent was received from all the patients of this study.

Competing interests
The authors declared that they have no competing interests.

Author details

'Department of Orthopedic Surgery, Ajou University Hospital, Ajou University
School of Medicine, Suwon, Gyeonggi-do, Republic of Korea. “Department of
Orthopedic Surgery, Dongtan Sacred Hospital, Hallym University, Hwaseong,
South Korea. *Department of Orthopedic Surgery, Kangnam Sacred Heart
Hospital, Hallym University College of Medicine, 948-1, Dalim-1dong,
Youngdeungpo-gu, Seoul 150-950, Republic of Korea.

Received: 22 February 2021 Accepted: 20 April 2021
Published online: 27 April 2021

References

1. Ovaska MT, Mékinen TJ, Madanat R, Kiljunen V, Lindahl J. A comprehensive
analysis of patients with malreduced ankle fractures undergoing re-
operation. Int Orthop. 2014;38(1):83-8. https://doi.org/10.1007/500264-
013-2168-.

2. Cha SD, Kwak JY, Gwak HC, Ha DJ, Kim JY, Kim UG, et al. Arthroscopic
assessment of intra-articular lesion after surgery for rotational ankle fracture.
Clin Orthop Surg. 2015;7(4):490-6. https://doi.org/10.4055/ci0s.2015.7.4.490.

3. Chiang CC, Tzeng YH, Lin CC, Huang CK, Chang MC. Minimally invasive
versus open distal fibular plating for AO/OTA 44-B ankle Ffactures. Foot
Ankle Int. 2016;37(6):611-9. https://doi.org/10.1177/1071100715625292.

4. Egol KA, Tejwani NC, Walsh MG, Capla EL, Koval KJ. Predictors of short-term
functional outcome following ankle fracture surgery. J Bone Joint Surg Am.
2006;88(5):974-9. https://doi.org/10.2106/00004623-200605000-00007.

5. El Fatayri B, Bulaid Y, Djebara AE, Havet E, Mertl P, Dehl M. A comparison of
bone union and complication rates between locking and non-locking
plates in distal fibular fracture: retrospective study of 106 cases. Injury. 2019;
50(12):2324-31. https://doi.org/10.1016/j.injury.2019.10.001.

6. Kwaadu KY, Fleming JJ, Lin D. Management of complex fibular fractures:
double plating of fibular fractures. J Foot Ankle Surg. 2015;54(3):288-94.
https://doi.org/10.1053/jjfas.2013.08.002.

7. Siegel J, Tornetta P 3rd. Extraperiosteal plating of pronation-abduction ankle
fractures. J Bone Joint Surg Am. 2007,89(2):276-81. https://doi.org/10.2106/
00004623-200702000-00007.

8. Chao KH, Wu CC, Lee CH, Chu CM, Wu SS. Corrective-elongation osteotomy
without bone graft for old ankle fracture with residual diastasis. Foot Ankle
Int. 2004;25(3):123-7. https;//doi.org/10.1177/107110070402500302.

9. Marti RK, Raaymakers EL, Norte PA. Malunited ankle fractures. The late
results of reconstruction. J Bone Joint Surg Br. 1990;72(4):709-13.

10.  Offierski CM, Graham JD, Hall JH, Harris WR, Schatzker JL. Late revision of
fibular malunion in ankle fractures. Clin Orthop Relat Res. 1982;171:145-9.

11.  Pelton K, Thordarson DB, Barnwell J. Open versus closed treatment of the
fibula in Maissoneuve injuries. Foot Ankle Int. 2010;31(7):604-8. https.//doi.
0rg/10.3113/FAI.2010.0604.

12. Bugler KE, Watson CD, Hardie AR, Appleton P, McQueen MM, Court-Brown
CM, et al. The treatment of unstable fractures of the ankle using the
Acumed fibular nail: development of a technique. J Bone Joint Surg Br.
2012;94(8):1107-12. https://doi.org/10.1302/0301-620X.94B8.28620.

13.  Fitzpatrick EP, Kwon JY. Use of a pointed reduction clamp placed on the
distal fibula to ensure proper restoration of fibular length and rotation and
anatomic reduction of the syndesmosis: a technique tip. Foot Ankle Int.
2014;35(9):943-8. https.//doi.org/10.1177/1071100714537628.

4. Jain S, Haughton BA, Brew C. Intramedullary fixation of distal fibular
fractures: a systematic review of clinical and functional outcomes. J Orthop
Traumatol. 2014;15(4):245-54. https.//doi.org/10.1007/510195-014-0320-0.

15. Hess F, Sommer C. Minimally invasive plate osteosynthesis of the distal
fibula with the locking compression plate: first experience of 20 cases. J
Orthop Trauma. 2011;25(2):110-5. https://doi.org/10.1097/BOT.0b013e3181
d9e875.

(2021) 16:281

Page 8 of 8

16. Ronga M, Shanmugam C, Longo UG, Oliva F, Maffulli N. Minimally invasive
osteosynthesis of distal tibial fractures using locking plates. Orthop Clin
North Am. 2009;40(4):499-504, ix. https://doi.org/10.1016/j.0cl.2009.05.007.

17. Ronga M, Longo UG, Maffulli N. Minimally invasive locked plating of distal
tibia fractures is safe and effective. Clin Orthop Relat Res. 2010;468(4):975—
82. https://doi.org/10.1007/511999-009-0991-7.

18. Toms AD, McMurtie A, Maffulli N. Percutaneous plating of the distal
tibia. J Foot Ankle Surg. 2004;43(3):199-203. https://doi.org/10.1053/j jfa
5.2004.03.005.

19.  Lauge-Hansen N. Fractures of the ankle. Il. Combined experimental-surgical
and experimental-roentgenologic investigations. Arch Surg. 1950;,60(5):957-
85. https://doi.org/10.1001/archsurg.1950.01250010980011.

20. Lee HJ, Kang KS, Kang SY, Lee JS. Percutaneous reduction technique using a
Kirschner wire for displaced posterior malleolar fractures. Foot Ankle Int.
2009;30(2):157-9. https://doi.org/10.3113/FAI-2009-0157.

21, Murphy JM, Kadakia AR, Irwin TA. Variability in radiographic medial clear
space measurement of the normal weight-bearing ankle. Foot Ankle Int.
2012;33(11):956-63. https://doi.org/10.3113/FAL.2012.0956.

22. Rolfe B, Nordt W, Sallis JG, Distefano M. Assessing fibular length using
bimalleolar angular measurements. Foot Ankle. 1989;10(2):104-9. https://doi.
org/10.1177/107110078901000210.

23, Olerud C, Molander H. A scoring for symptom evaluation after ankle
fracture. Arch Orthop Trauma Surg. 1984;103(3):190-4. https://doi.org/10.1
007/BF00435553.

24. Neubauer T, Heidari N, Weinberg AM, Grechenig W, Tesch NP, Pichler W,
et al. The risk of nerve injury with minimally invasive plate osteosynthesis of
distal fibula fractures: an anatomic study. Arch Orthop Trauma Surg. 2011;
131(10):1409-12. https://doi.org/10.1007/500402-011-1318-1.

25.  Ebraheim NA, Vander Maten JW, Delaney JR, White E, Hanna M, Liu J.
Cannulated intramedullary screw fixation of distal fibular fractures. Foot
Ankle Spec. 2019;12(3):264-71. https;//doi.org/10.1177/1938640018790082.

26. Hazarika S, Chakravarthy J, Cooper J. Minimally invasive locking plate
osteosynthesis for fractures of the distal tibia--results in 20 patients. Injury.
2006;37(9):877-87. https://doi.org/10.1016/jinjury.2006.06.002.

27. lacobellis C, Chemello C, Zornetta A, Aldegheri R. Minimally invasive plate
osteosynthesis in type B fibular fractures versus open surgery. Musculoskelet
Surg. 2013;97(3):229-35. https.//doi.org/10.1007/512306-013-0292-x.

28.  Krenk DE, Molinero KG, Mascarenhas L, Muffly MT, Altman GT. Results of
minimally invasive distal fibular plate osteosynthesis. J Trauma. 2009,66(2):
570-5. https://doi.org/10.1097/TA.0b013e31818936ff.

29. McKenna PB, O'shea K, Burke T. Less is more: lag screw only fixation of
lateral malleolar fractures. Int Orthop. 2007;31(4):497-502. https.//doi.org/1
0.1007/500264-006-0216-6.

30.  White TO, Bugler KE, Appleton P, Will E, McQueen MM, Court-Brown CM. A
prospective randomised controlled trial of the fibular nail versus standard
open reduction and internal fixation for fixation of ankle fractures in elderly
patients. Bone Joint J. 2016;98(9):1248-52. https://doi.org/10.1302/0301-62
0X.98B9.35837.

31, Coifman O, Bariteau JT, Shazar N, Tenenbaum SA. Lateral malleolus closed
reduction and internal fixation with intramedullary fibular rod using minimal
invasive approach for the treatment of ankle fractures. Foot Ankle Surg.
2019;25(1):79-83. https://doi.org/10.1016/}.fas.2017.08.008.

32. Hak DJ, Banegas R, Ipaktchi K, Mauffrey C. Evolution of plate design and
material composition. Injury. 2018:49(Suppl 1):58-S11. https://doi.org/10.101
6/50020-1383(18)30295-X.

33. Ward AJ, Ackroyd CE, Baker AS. Late lengthening of the fibula for
malaligned ankle fractures. J Bone Joint Surg Br. 1990;72(4):714-7.

34.  Weber BG. Lengthening osteotomy of the fibula to correct a widened
mortice of the ankle after fracture. Int Orthop. 1981,4(4):289-93. https://doi.
org/10.1007/BF00266071.

35. Huang B, Dong Q, Hong DY, Park YW, Kim HN. Fibular lengthening using
the elongated combi-hole of a locking compression plate: Technical Tip.
Foot Ankle Int. 2015;36(9):1104-9. https.//doi.org/10.1177/107110071558484
7.

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


https://doi.org/10.1007/s00264-013-2168-y
https://doi.org/10.1007/s00264-013-2168-y
https://doi.org/10.4055/cios.2015.7.4.490
https://doi.org/10.1177/1071100715625292
https://doi.org/10.2106/00004623-200605000-00007
https://doi.org/10.1016/j.injury.2019.10.001
https://doi.org/10.1053/j.jfas.2013.08.002
https://doi.org/10.2106/00004623-200702000-00007
https://doi.org/10.2106/00004623-200702000-00007
https://doi.org/10.1177/107110070402500302
https://doi.org/10.3113/FAI.2010.0604
https://doi.org/10.3113/FAI.2010.0604
https://doi.org/10.1302/0301-620X.94B8.28620
https://doi.org/10.1177/1071100714537628
https://doi.org/10.1007/s10195-014-0320-0
https://doi.org/10.1097/BOT.0b013e3181d9e875
https://doi.org/10.1097/BOT.0b013e3181d9e875
https://doi.org/10.1016/j.ocl.2009.05.007
https://doi.org/10.1007/s11999-009-0991-7
https://doi.org/10.1053/j.jfas.2004.03.005
https://doi.org/10.1053/j.jfas.2004.03.005
https://doi.org/10.1001/archsurg.1950.01250010980011
https://doi.org/10.3113/FAI-2009-0157
https://doi.org/10.3113/FAI.2012.0956
https://doi.org/10.1177/107110078901000210
https://doi.org/10.1177/107110078901000210
https://doi.org/10.1007/BF00435553
https://doi.org/10.1007/BF00435553
https://doi.org/10.1007/s00402-011-1318-1
https://doi.org/10.1177/1938640018790082
https://doi.org/10.1016/j.injury.2006.06.002
https://doi.org/10.1007/s12306-013-0292-x
https://doi.org/10.1097/TA.0b013e31818936ff
https://doi.org/10.1007/s00264-006-0216-6
https://doi.org/10.1007/s00264-006-0216-6
https://doi.org/10.1302/0301-620X.98B9.35837
https://doi.org/10.1302/0301-620X.98B9.35837
https://doi.org/10.1016/j.fas.2017.08.008
https://doi.org/10.1016/S0020-1383(18)30295-X
https://doi.org/10.1016/S0020-1383(18)30295-X
https://doi.org/10.1007/BF00266071
https://doi.org/10.1007/BF00266071
https://doi.org/10.1177/1071100715584847
https://doi.org/10.1177/1071100715584847

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Subjects
	Operative techniques
	Postoperative assessment
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

