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Background: Suture button fixation is frequently used to stabilize the distal tibiofibular syndesmosis in athletes sustaining an
isolated ligamentous syndesmosis injury.

Purpose: To report on a series of periprosthetic fibula fractures adjacent to the lateral suture button after a subsequent unrelated
ankle injury or progressive stress injury after initial ankle syndesmosis stabilization using the knotless TightRope (Arthrex).

Study Design: Case series; Level of evidence, 4.

Methods: Eight elite athletes with periprosthetic fibula fractures and stress injuries around the lateral suture buttons were eval-
uated. In all athletes, the knotless TightRope had been used to stabilize an isolated ligamentous ankle syndesmotic injury, after
which all patients recovered and returned to professional sports at their preinjury level. The athletes subsequently developed an
acute fibula fracture or a fibula stress fracture related to the 3.7-mm drill hole in the fibula adjacent to the lateral suture buttons
after a mean of 14.1 months (range, 5-29 months). The management of these complications was analyzed.

Results: Five athletes sustained a periprosthetic fibula fracture in the form of undisplaced spiral Weber B injuries after a subsequent,
unrelated injury. Poor healing response was noted with initial nonoperative treatment for the first 2 athletes, and surgical intervention
was performed with successful union of the fracture and return to sports. The subsequent 3 athletes had early surgery with unevent-
ful recovery. Another 3 athletes developed stress injuries adjacent to the fibula suture button without a history of acute trauma. In 2
of the 3 athletes, the position of lateral suture buttons was in the anterior third of the fibula. Initial nonoperative management yielded
poor healing response, and subsequent surgical intervention was required to enable healing and return to sports.

Conclusion: Nonoperative management of fractures adjacent to the fibula suture button of a knotless TightRope may lead to
a delay in union. Therefore, early surgical intervention should be considered in elite athletes, whose return-to-sports time is crit-
ical. Care is needed to ensure that the fibula hole for the suture button is centrally located because the eccentric placement of the
fibula hole in the anterior third of the fibula may contribute to the development of a stress reaction or stress fracture. Surgical
intervention for a periprosthetic fibula stress fracture leads to satisfactory resolution of symptoms.
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Ankle injuries account for 17% of all English Premier League In the Premiership Rugby, ankle injuries have been reported
soccer injuries, equating to a typical first team expecting 1 to occur at an incidence of around 6 per 1000 player-hours.?
ankle injury in a player approximately every 10 games.'® It has been reported that ankle syndesmosis injury occurs in

1% to 18% of all ankle sprains in the general popula-
tion,>"!317 although it is a more commonly encountered
injury in athletes.%'? Ankle syndesmosis injuries are also
more commonly associated with residual symptoms that
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can lead to prolonged dysfunction when compared with ankle
lateral ligament sprains in an athletic population.®12

Suture button syndesmotic fixation devices have gath-
ered popularity over the last 15 years for the treatment
of syndesmosis injuries.!®1%16:1821 Rongrted advantages
of the suture button device over screw fixation include
dynamic stabilization that allows rotation of the fibula dur-
ing ankle movements while maintaining accurate reduc-
tion of the syndesmosis.1®1%16:1821 Thig along with the
low-profile design of the implant, is said to offer biome-
chanical superiority to screw fixation, reduce the need for
implant removal, eliminate screw breakage, and avoid
the risk of late diastasis.1®!%16:1821 T gaddition, the newer
suture button implant utilizes a fibula plate to distribute
the forces along the fibula better when using 2 suture but-
ton devices (Dual Syndesmosis TightRope implant and
Syndesmosis TightRope XP Buttress Plate implant; both
by Arthrex) to protect against stress risers.

When originally introduced, the TightRope (Arthrex)
came in a knotted design. The main complication recog-
nized in the knotted suture button fixation was the pres-
ence of the prominent knot in the No. 5 FiberWire
(Arthrex) beneath the thin subcutaneous layer of the lat-
eral ankle, which could lead to skin and soft tissue irrita-
tion, wound infections, wound granuloma formation, and
cases of osteomyelitis in the distal tibia.!*®2! In 2012, it
was changed to a knotless design to overcome this
problem.*

The 2 senior authors (J.C. and T.C.) treat ankle injuries
in elite athletes and regularly use suture button fixation
for isolated ligamentous ankle syndesmotic injuries (with-
out fracture). Both surgeons independently recognized that
some athletes developed a periprosthetic fibula fracture
around the knotless suture button. This had not been
seen with the knotted predecessor. There are no reported
cases of periprosthetic fracture in the peer-reviewed or
manufacturer’s literature for either the knotted or the
knotless suture button fixation. The aim of this study
was to report this complication, provide advice on manage-
ment options, and explore potential predisposing mecha-
nisms that may help prevent its occurrence.

METHODS

This was a retrospective case series of 8 elite athletes (pro-
fessional football and rugby players) managed by the 2
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senior authors (J.C. and T.C.) between 2014 and 2020.
After an unrelated subsequent ankle injury, athletes
with periprosthetic fibula fractures around the knotless
suture buttons were included in this study. The exclusion
criteria were ankle syndesmosis injuries with associated
fractures. This study was determined to be exempt from
institutional review board approval.

In this series, the knotless suture button TightRope was
used in all athletes to stabilize isolated ligamentous ankle
syndesmotic injuries without any associated fractures or
dislocations (unstable grade 2 syndesmosis injuries). After
surgical syndesmotic stabilization, all patients had
returned to professional sports at their preinjury level
and were asymptomatic. These athletes subsequently
developed either an acute fracture after a further ankle
injury or a stress fracture. Both were related to the
3.7-mm drill hole in the fibula adjacent to the lateral
suture button device. All case notes and imaging were
reviewed, detailing the initial injury fixation, duration
before reinjury, reinjury mechanism, level of the peripros-
thetic fracture, associated injuries (deltoid or medial mal-
leolar fracture), and the management details of this
subsequent injury.

In the initial presentation for ankle syndesmotic inju-
ries, all the included athletes had signs of unstable
syndesmosis—including tenderness over the anterior infe-
rior tibiofibular ligament (AiTFL) and the anterior inter-
osseous membrane during palpation, a positive squeeze
test, and a positive external rotation test. They also had
preoperative magnetic resonance imaging (MRI) confirm-
ing injury to the AiTFL and syndesmosis. There were no
cases with associated fractures, dislocations, or deltoid lig-
ament ruptures requiring surgical repair. In terms of sur-
gical procedures, all patients had a routine ankle
diagnostic arthroscopy to assess the syndesmosis stability,
during which direct visualization confirmed the ruptured
AiTFL, the syndesmosis widening during the external
rotation test and during insertion of the 4.5-mm shaver
blade into the distal syndesmosis. The remnant AiTFL
and synovitis were debrided as necessary. The TightRope
fixation was then performed according to standard techni-
ques under fluoroscopic guidance. The senior authors rou-
tinely insert the guidewire from the posterolateral cortical
apex of the fibula aiming toward the anteromedial cortical
apex of the tibia angled at 30° anterior to the coronal plane
and placed 2 cm above the tibia plafond under fluoroscopic
guidance.

*Address correspondence to Choon Chiet Hong, MBBS, MPH, FRCSEd (Orth), Department of Orthopaedic Surgery, National University Hospital of Sin-
gapore, 1E, Kent Ridge Road, 119228, Singapore (email: choonchiet@gmail.com).

TFortius Clinic (FIFA Medical Centre of Excellence), London, UK.

*Department of Orthopaedic Surgery, National University Hospital, National University Health System, Singapore.
SDepartment of Orthopaedic Surgery, Yong Loo Lin School of Medicine, National University of Singapore, Singapore.

IILiverpool University Hospital NHS Foundation Trust, Liverpool, UK.
Iwrightington, Wigan and Leigh NHS Foundation Trust, Wigan, UK.

#Department of Bioengineering, Imperial College London, London, UK.

Final revision submitted May 12, 2023; accepted May 22, 2023.

One or more of the authors has declared the following potential conflict of interest or source of funding: T.C. has received consulting fees from Arthrex,
Orthosolutions, and Stryker. J.C. has received education payments from Arthrex. AOSSM checks author disclosures against the Open Payments Database
(OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

Ethical approval for this study was waived by the National Health Service Health Research Authority.



The Orthopaedic Journal of Sports Medicine

TABLE
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1

Characteristics of the Elite Athletes®

Age, Primary  Suture Button Secondary Time to Secondary
Athlete 'y  Sport Procedure Placement Injury Injury, mo Injury Mechanism Management
1 19 Rugby Single Anterior third Undisplaced Weber 10 External rotation Initially nonoperative
TightRope of fibula B fibula fracture management, then
removal of suture
button and ORIF
because of delayed
healing at 8 wk
2 20 Soccer Single Central fibula Undisplaced Weber 29 External rotation ORIF and replacement
TightRope B fibula fracture TightRope
3 26 Soccer Single Central fibula Undisplaced Weber 23 Collision during a  Initially nonoperative
TightRope B fibula fracture tackle management, then
ORIF and
replacement
TightRope because
of delayed healing at
10 wk
4 20 Soccer Single Central fibula Undisplaced Weber 26 Collision during a  Removal of suture
TightRope B fibula fracture tackle button and ORIF
5 25 Rugby Double Central fibula Undisplaced Weber 7 Fell during scrum  Removal of suture
TightRope B fibula fracture button and ORIF
at the distal drill
hole
6 23  Soccer Single Anterior third Anterior cortical 6 No direct injury but Initially nonoperative
TightRope of fibula stress fracture progressive pain management, then
and aches ORIF and bone graft
because of no
evidence of healing
and continuing pain
at 8 wk
7 25 Soccer Single Anterior third Anterior cortical 7 No direct injury but ORIF and bone graft
TightRope of fibula stress fracture progressive pain
and aches
8 31 Soccer Single Central fibula Stress reaction to 5 No direct injury but Removal of suture
TightRope pain progressive pain button
and aches

“ORIF, open reduction and internal fixation.

Postoperatively, patients were placed in an Aircast XP

Walker boot (DJO Global) for 3 weeks and mobilized non-
weightbearing for 1 week, partial weightbearing for 1
week, and then allowed to full weightbearing. Ankle
range of motion and proprioceptive exercises were com-
menced within the first 3 weeks. Heavy-impact activities
were encouraged progressively from week 6 onward as
tolerated.

RESULTS

All 8 included athletes were male professional soccer and
rugby players aged 19 to 31 years (mean, 23.4 years). All
had undergone previous fixation of an isolated ligamentous
ankle syndesmosis injury using a knotless TightRope
device—7 athletes had a single suture button device and
1 athlete had 2 suture button devices inserted. All athletes
had returned to full sports participation at the same

preinjury level of competition at a mean of 13.5 weeks post-
operatively (range, 12-16 weeks).

Five athletes sustained a periprosthetic fibula fracture
after a subsequent, unrelated injury. The median time
between initial syndesmotic injury requiring TightRope
fixation and subsequent injury with periprosthetic fibula
fracture was 23 months (range, 7-29 months). These 5 inju-
ries were undisplaced spiral Weber B injuries, with the
fracture propagating through the fibula suture button drill
hole. These undisplaced fractures were all recognizable on
plain radiographs, although some patients had computed
tomography (CT) scans performed to evaluate the extent
of the fracture. In the single player with 2 TightRope devi-
ces in situ, the fibula fracture occurred at the distal Tight-
Rope drill hole adjacent to the lateral suture button. The
fracture displaced none of the fibula suture buttons from
their positions. All the suture button positions were at
the central or posterior third of the fibula (sagittal profile),
except for 1 patient with suture button fixation at the
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Figure 1. (A-C) CT scans from athlete 3, diagnosed with
undisplaced Weber B fracture after an unrelated injury initially
treated nonoperatively, with minimal to no healing response
at 10 weeks. (D and E) Intraoperative imaging showed
open reduction and internal fixation of the fibula with the
replacement of the suture button device in a new position
because the syndesmosis was noted to be unstable. CT,
computed tomography.

anterior third of the fibula. Table 1 summarizes the athlete
characteristics.

In terms of treatment, the first 2 players in this series
were initially managed nonoperatively for 8 (athlete 1)
and 10 (athlete 3) weeks, respectively, in a weightbearing
Aircast XP Walker boot (DJO Global) using a bone stimu-
lator (Exogen; Bioventus) but failed to show any progress
to healing and thus underwent open reduction and internal
fixation (ORIF) with fibula plate fixation and removal (ath-
lete 1) or replacement (athlete 3) of the TightRope device
(Table 1 and Figures 1 and 2). They subsequently went on
to uncomplicated full union and returned to full sports after
the surgery. All other players were subsequently managed
with early ORIF of the fibula and had an uneventful recov-
ery. They all returned to their sports at their preinjury level

Figure 2. (A and B) Initial radiographs of undisplaced Weber
B fibula fracture after an unrelated injury in athlete 1, with the
lateral suture button located at the anterior third of the fibula.
(C and D) Radiographs at 6 weeks after removal of the suture
button device and open reduction and internal fixation of the
fibula. The syndesmosis was tested intraoperatively to be
stable, and no TightRope replacement was performed.

of competition at 12, 13, and 12 weeks, respectively. Of
these 5 players, 3 had the TightRope completely removed,
while 2 had a replacement TightRope inserted (Table 1).
For all cases, the syndesmosis was tested after the initial
TightRope was removed, and a new TightRope was inserted
only if the syndesmosis tested unstable.

On the other hand, 3 other athletes developed pain adja-
cent to the fibula suture button during normal play and
training without any specific injury (Table 1). Imaging
modalities such as MRIs and CT scans confirmed that 2
of the 3 athletes had sustained a stress fracture, and the
other one had a stress reaction of the fibula just next to
the fibula suture button. The median time between initial
syndesmotic fixation and subsequent stress injury was 6
months (range, 5-7 months). Contrary to the initial 5
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Figure 3. (A and B) Coronal and (C and D) axial MRI images of
bone marrow edema and stress reaction at the fibula suture
button drill hole in athlete 8. MRI, magnetic resonance imaging.

athletes with acute fibula periprosthetic fracture, it was
observed that the fibula suture buttons in the 2 athletes
with stress fractures were in the anterior third of the fibula
(sagittal profile) rather than being central or posteriorly
located. The first athlete with fibula stress fracture was
treated with an initial period of nonoperative management
(off-loading and Exogen bone stimulator for 8 weeks) but
failed to heal. He underwent fibula ORIF with plate fixa-
tion and autogenous bone grafting. CT scans at 10 weeks
confirmed fracture healing, and he returned to full sports
at 13 weeks. The second athlete with stress fracture was
treated with fibula ORIF and bone grafting early due to
initial experience. The TightRope devices were removed
for these 2 athletes and were not replaced. In the case of
stress reaction, the TightRope was removed without fixa-
tion, and he could return to sports uneventfully (Figures
3 and 4). Additionally, all 8 athletes had their serum cal-
cium and 25-hydroxy vitamin D levels screened at the
time of periprosthetic fibula fractures and stress injuries,
with adequate levels noted.

Periprosthetic Fibula Fracture 5

Figure 4. (A-C) CT scans of stress reaction at the fibula
suture button drill hole in athlete 8. (D-F) CT scans of healing
response at the drill hole 6 weeks after removal of the suture
button device. CT, computed tomography.

DISCUSSION

The most important message in this case series is to recog-
nize that acute fractures and stress-related injuries to the
fibula may occur adjacent to the fibula suture button after
subsequent unrelated ankle injury or via progressive
stress injury and that nonoperative management may
lead to a significant delay in fracture union. Therefore,
early surgical intervention is recommended for elite ath-
letes in such circumstances. Furthermore, an eccentrically
placed (anterior) fibula drill hole for the lateral suture but-
ton may predispose to a stress-related injury in high-
demand athletes.

In our experience, the 2 senior authors had indepen-
dently initiated nonoperative management for each of their
first cases. However, they noted a delay in fracture union
clinically and on CT scanning at 8 to 10 weeks. This was
deemed unacceptable for elite professional athletes, for
whom early return to play is critical.»"*%12 Therefore, man-
agement was changed to removal of the TightRope device
and plate fixation of the fracture. Subsequently, all cases
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were treated with the removal of the previous syndesmotic
suture button device and primary surgical plate fixation. If
there was any clinical evidence of syndesmosis instability
during the ORIF fibula, a TightRope replacement would
be inserted in a different position. It was difficult to com-
ment whether the syndesmosis instability was from the
initial injury or the subsequent injury, although the only
2 athletes who needed TightRope replacement were both
in the acute periprosthetic fractures group. None of the
stress fracture/injury cases required TightRope replace-
ment. These fractures united with players returning to
elite sports at their previous level. No player has had fur-
ther ankle symptoms related to the fibula or syndesmosis.
We postulate that the No. 5 FiberWire suture material
in the suture button drill hole may impede normal fracture
callus formation with persistent micromotion at the frac-
ture site, delaying fracture healing. This echoes the sug-
gestion by Hohman et al,® when discussing a case report
of a tibia and fibula fracture through a suture button tract,
that the nonabsorbable sturdy nature of the suture mate-
rial can result in repetitive disruption of bone healing at
the drill hole. This was also illustrated by Leucht et al'®
in their histological analysis of a murine model on skeletal
regeneration around implants, where they showed that
bony encapsulation occurs when implant micromotion cre-
ates a low strain of 0.20 to 0.50; however, when effective
strain exceeds 0.50, bone matrix deposition is inhibited
and fibrous tissue occupies the site.! We also concur with
Hohman et al® that the presence of the suture material
in the drill hole may represent a region of high strain
with constant loading interrupting bone healing. Removal
of the suture material and plate fixation, by contrast, sta-
bilizes the fracture sufficiently to allow the progression of
normal callus formation, maturation, and healing.
Eccentric placement of the TightRope in the fibula at
the time of initial syndesmosis stabilization may occur
inadvertently while directing the guidewire/drill toward
the anteromedial tibia. This likely occurs when the guide-
wire skives toward the anterior aspect of the fibula because
of the anatomical curve anteriorly from the fibula ridge
and may remain undetected on the intraoperative fluoros-
copy. The eccentric placement of the lateral suture button
may lead to increased stress at the bone and suture button
interface, leading to a stress riser, while the nonabsorbable
nature of the No. 5 FiberWire suture material prevents the
drill hole from healing, as previously discussed. In this
series, the 2 fibula stress fractures occurred when the
TightRope was misplaced in the anterior third of the fibula
and the drill hole was directed anteromedially toward the
tibia. All 3 cases of stress injuries occurred without any
acute trauma but during playing/training and presented
with an insidious onset of pain. From a biomechanical per-
spective, Ho et al® have demonstrated in a porcine femur
model that there is a significant reduction in peak torque
bone strength under torsional loading when there is a
4-mm bicortical drill hole defect. By occluding this defect
with a screw or plaster of paris, bone strength was
improved in their specimens. Johnson and Fallat,'* in
their cadaveric study, reported that the mean load to
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failure of intact fibulas was 360.86 N, while the fibulas
with one 3.5-mm drill hole had a significantly lower
mean load to failure of 215.20 N in bending forces. In the
present series, we suggest that the persistent stress riser
under the eccentrically placed fibula suture button com-
bined with the failure of bone healing in the No. 5 Fiber-
Wire track means that nonoperative management is
unlikely to succeed, especially in elite athletes because of
the nature of their training and high-demand sporting
activities. Consequently, given that nonoperative manage-
ment resulted in an unacceptable delay to the union, we
advocate early surgical intervention. Despite that, the
need for routine removal of the TightRope devices to pre-
vent the occurrence of this complication is not necessary,
as it appears to be limited to elite athletes only in small
numbers based on our observations—as opposed to recrea-
tional athletes and the general population.

Augmentation of the TightRope construct with a fibula
plate (Dual Syndesmosis TightRope implant and Syndes-
mosis TightRope XP Buttress Plate implant) has been
developed to improve the distribution of the forces across
the fibula and potentially protect the fibula from fracture
when using 2 TightRopes. In a cadaveric study, Tsai
et al?® reported no significant difference in the maximum
torque leading to fracture of the fibula between 2 Tight-
Rope constructs when compared with 1 TightRope and
a plate construct. Nonetheless, they found greater rotation
was required to fracture the fibula after fixation with the 1
TightRope and plate construct. They concluded that add-
ing the plate may reduce stress risers and decrease the
risk of failure, as demonstrated by the higher rotation to
failure in the plate construct. A literature review has failed
to demonstrate any reported cases of this complication
with or without the plate augmentation; however, we sug-
gest that if eccentric misplacement of the fibula suture but-
ton is recognized at the time of the original surgery, it may
be appropriate to use a fibula plate to reduce the risk of
a subsequent stress fracture.

Limitations

This case series was limited by the retrospective nature of
the data collection, the lack of patient-reported outcomes,
and the small number of cases. There was also a limited
follow-up duration after the surgical management of the
fibula fractures. Additionally, there is a potential criticism
that these athletes may have residual syndesmosis insta-
bility that resulted in subsequent ankle injuries. However,
the ability of these athletes to return to sports at their pre-
injury level without any complaints would suggest other-
wise. We were also unable to provide a prevalence of this
complication, as we do not have an exact denominator of
how many isolated syndesmosis injuries were treated
with this technique during this study period. Despite
that, to our knowledge, this case series is the first to report
this potential complication using the TightRope in elite
athletes and offers recommendations on management
options and preventative tips.
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CONCLUSION

Nonoperative management of fractures adjacent to the fib-
ula suture button of a knotless TightRope may lead to
a delayed union. Therefore, early surgical intervention
should be considered in elite athletes, whose return-to-
sports time is critical. Care must be taken to ensure the fib-
ula suture button hole is placed centrally in the fibula or
even just posterior to the center point when directing the
guidewire anteromedially, as the eccentric placement of
the fibula hole in the anterior third of the fibula may con-
tribute to the development of a stress reaction or stress
fracture. If misplacement is recognized during the index
surgery, surgeons should consider using a fibula plate to
distribute forces along the fibula.
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