pISSN 1738-3757 elSSN 2288-8551
J Korean Foot Ankle Soc 2024;28(1):8-14
https://doi.org/10.14193/jkfas.2024.28.1.8

JKFAS

'.) Check for updates \

The Outcomes of Open Ankle Fractures in Patients Managed by Early or
Delayed Definitive Fixation: A Comparative Analysis of 73 Patients
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Purpose: Ankle fracture fixation is the gold standard of treatment but it does have its own complications. There is inadequate data re-
garding the comparative effectiveness of early vs. delayed fixation for open ankle fracture outcomes. This study compares the clinical and
functional outcomes of open ankle fractures treated by early or delayed definitive fixation and identifies the limitations of both methods.

Materials and Methods: All 73 patients enrolled in the study underwent surgical intervention within 24 hours of injury. The early fixa-
tion group (group A) consisting of 39 patients underwent definitive fixation as an index procedure, while the delayed fixation group
(group B) consisted of 34 patients who underwent debridement and external fixator application as an index procedure and defini-
tive fixation when soft tissue condition was conducive. All patients were evaluated at 2, 6, and 12 weeks postoperatively and then three
monthly for a year.

Results: Enneking and American Orthopaedic Foot and Ankle Society scores were markedly higher in the early fixation group at 6
months postoperatively (p-values <0.001 and 0.011, respectively). However, no discernible intergroup difference was evident at 12
months postoperatively. Between 6 and 12 months, group functional outcome scores were significantly different. At 6 months, there was
a substantial difference in dorsiflexion between the two groups (p-values 0.001 and <0.001, respectively), but no difference was observed
at 12 months postoperatively. At 6 and 12 months, group average plantar flexions were non-significantly different.

Conclusion: Early definitive fixation of complex ankle fractures using a targeted approach produced promising results for lower grade
open fractures (grades 1 and 2), and delayed definitive fixation, after initial external fixation to allow for soft tissue stabilization, pro-
duced promising results for higher grade open fractures (grades 3A and 3B). At 12-month follow-ups, clinical and functional outcomes
achieved using these strategies were equivalent.
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INTRODUCTION

Open ankle fractures, which account for 2%~5% of all
ankle fractures, have much greater morbidity rates hamper-
ing day to day activities of individuals than closed ankle frac-
tures.” Open ankle fractures frequently result in significant

soft tissue damage to the surrounding skin and ligaments,
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which has a poor functional outcome. Although minor
trauma causes open ankle fractures in elderly patients, high-
energy injuries like those from collisions with vehicles are
the most common cause of injury in young individuals.?
Evidence regarding patient characteristics that are associated
with an increased risk of complications and poor functional
outcomes would help us plan treatment options and targeted
care for patients with ankle fractures.

According to data from a thorough review of ankle fracture
outcomes, results worsen with age, mostly because of dimin-
ished physiological reserves, comorbidities, and diminished
muscle mass and power.” Open fractures are associated with
33%~50% more complications than closed fractures.?

There is a lack of information regarding the outcome of
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open ankle fractures based on whether fixation was early or
delayed depending on the severity of the injury and com-
plications associated with both modes of fixation. Recent
research on the management of open ankle fractures has
focused on early definitive fixation, which has been demon-
strated to be similarly successful as staged fixation with simi-
lar complication rates and functional outcomes.”® A tailored,
patient-centered strategy becomes crucial for treating open
ankle fractures because it is absolutely necessary to do so, on
a case-by-case basis. We wish to investigate the potential for
treating low and high-grade open fractures using two differ-
ent treatment modalities. This study compares the clinical
and functional outcomes of open ankle fractures treated with
early vs. delayed definitive fixation, as well as the drawbacks
of each group.

The hypothesis of the study was “Barly definitive fixation
for low-grade open fractures and delayed definitive fixation
for high-grade open fractures would result in lower compli-
cations and better functional outcomes’. The null hypothesis
is that functional outcomes and complications don't change
significantly depending on the severity of open fractures and

the type of fixation.

MATERIALS AND METHODS

1. Patient selection

All patients with mature skeletons who had been treated
for open ankle fractures at our level 1 trauma centre between
January 2019 and January 2022 were retrospectively re-
viewed. During the course of the study, all participants who
experienced unstable (bimalleolar and trimalleolar) ankle
fractures were included. Group A consisted of patients who
were managed by delayed definitive fixation and group B
had patients who underwent definitive fixation as the index
procedure (Fig. 1).

Patients with open ankle fractures who are under the age
of 18 and those who are over 60, patients with associated
fractures of other extremities. Following surgery, all patients
were evaluated at 2 weeks, 6 weeks, 12 weeks, and every 3
months for a year. Patients who did not complete 1 year of
follow-up or those patients that missed follow-up visits were

excluded from the study.

2. Objectives

The primary objective was to identify differences in the
clinical and functional outcomes of the patients with open
ankle fractures managed by immediate definitive fixation
and delayed definitive fixation, which was measured at 6
months and 1 year. The incidence of infection and wound
dehiscence (wound gaping or breakdown in the postopera-
tive period due to any cause) requiring debridement and
wound closure by suturing in both primary fixation and de-
layed definitive fixation groups, which was evaluated at 2, 6,
and 12 weeks, was the secondary objective. The tertiary ob-
jective was to look for the incidence of other complications
like implant failure, peri-implant fracture, deep infection,
and osteomyelitis at 1-year follow-up.

The Gustilo-Anderson classification was used to categorize
each patient who presented to our trauma centre with an
open ankle fracture and the Weber classification was used
to categorize the fractures based on the pattern and level of

lateral malleolus fracture.

3. Treatment protocol

Ankle fractures that were subluxated or dislocated were
treated with reduction and splinting. According to hospital
policy, open fractures were given, and tetanus prophylaxis,
analgesics, and intravenous antibiotics were started. In the
emergency room, a wound wash was performed, and an
aseptic non-adherent bandage was applied. Within 24 hours,
all patients were operated on after being transported as fast
as possible to the emergency surgery. Debridement and ex-
ternal fixator application were used to treat patients with
grade III open fractures, followed by definitive fixation when
soft tissue condition permitted or after soft tissue coverage in
cases of skin defects requiring primary or revision debride-
ment. However, patients with grade I and II open fractures
were treated by primary debridement and definitive fixation
if the skin was in good enough condition at the time of pre-
sentation.

At the time of definitive fixation, several techniques were
utilized to treat ankle fractures. If the patient had a syndes-
motic injury, the fibula was fixed with a pre-contoured 1/3
tubular plate and a syndesmotic screw through the plate.
Depending on the fracture anatomy, recon plate, cancellous

screws, or tension band wiring were used to fix the medial
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malleolus.

Three doses of antibiotics were given post-operatively to
each patient. As soon as feasible following surgery, ankle
range-of-motion exercises were encouraged. However, mo-
bilization with partial weight-bearing began at 6 weeks and
progressed to full weight-bearing once signs of union were
noted. Patients had their postoperative pain evaluated us-
ing the visual analogue scale (VAS) score at 6 and 12 months,
their limb function was graded using the Enneking system,
and their ankle function was graded using the American Or-
thopaedic Foot and Ankle Society (AOFAS) score. The range
of motion was measured using a goniometer at 6 and 12

months by the principal investigator.

4. Statistical analysis

Radiological parameters and functional outcome scores
before and after the surgery were compared using paired t-
tests. An independent t-test was used to compare data be-
tween the 2 groups. A p-value of less than 0.05 was consid-
ered significant. All collected data was statistically analyzed
using SPSS software version 26.0 (IBM SPSS Statistics; IBM
Corp.).

RESULTS

1. Selection of the study population and their
characteristics

In the study duration, our level 1 trauma centre received
96 total cases of open ankle fractures. Of these 23 cases were
excluded as they did not meet the inclusion criteria (2 were
children less than 18 years, 5 presented beyond 24 hours, 4
did not complete 1 year of follow-up and 12 patients had as-
sociated foot or pilon fractures or other system involvement
that would have confounded results). To conduct the analy-
sis, a total of 73 patients (39 with delayed definitive fixation
[group Al and 34 with early definitive fixation [group Bl) were
included.

In groups A and B, the mean ages were 41.97+13.35 and
42.35+13.80 years, respectively, with a p-value of 0.91. In
group A there were 25 males and 14 females and group B had
24 males and 10 females. Injury to hospital presentation time
for all patients was less than 8 hours (5.10+1.52 hours for
group A; 4.79+1.70 hours in group B). The injury to surgery

duration was less than 24 hours for all patients in the study
(13.87+4.00 hours in group A; 13.38+3.62 hours in group B).
The average delay between the damage control surgery and
definitive fixation was 22.78 +5.43 days. There was a signifi-
cant difference in the total duration of hospital stay between
the two groups, where group A had an average stay of 11.67
+2.06 days and group B was 4.09+1.38 days (Table 1).
According to the Gustilo Anderson’s grading, 14 patients
in group A had grade 3A injuries, of which 9 needed split
thickness skin grafting, while 25 had grade 3B injuries, and
all of them required flap coverage. 15 patients in group B
had grade 1 injuries, while 19 patients had grade 2 injuries
and none of them needed any procedure for soft tissue cov-
erage. According to the Weber’s classification, group A con-
sisted of 5 infra-syndesmotic, 23 syndesmotic, and 11 supra-
syndesmotic injuries. Group B had 21 syndesmotic, 4 infra-

syndesmotic, and 9 supra-syndesmotic injuries (Table 2).

2. Outcome comparison between the two groups
Enneking and AOFAS scores showed substantial differ-
ences between the two groups at the 6-month mark (p-value
<0.01, 0.011 respectively), with the early definite fixation
group scoring higher. However, there was no discernible dif-
ference between the two groups at the 1-year follow-up (p-
value 0.87, 0.94 respectively). Functional outcome scores in
both groups significantly differed between follow-up periods
of 6 months and 1 year, with both groups achieving better
functional outcomes at 12 months than they did at 6 months
(Table 3). Enneking and AOFAS scores between six and
twelve months in group A had p-values of 0.008 and 0.001,
respectively, while in group B, they had p-values of <0.001,
respectively (Table 4). There was no discernible difference in
the VAS scores between the two groups at 6 months and at
the final follow-up (p-value 0.23, 0.65 respectively) (Table 3).
At the 6-month and 1-year follow-ups, the mean dorsi-
flexion attained in group A was 0.29°+1.71° and 8.38° *

Table 1. Total Hospital Stay

Serial no. Group Total stay (d) p-value
1 A 11.67+2.06 <0.001
2 B 4,09+1.38

Values are presented as meanzstandard deviation.
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Table 2. Demography Table 4. Outcome Measure 6 Months vs. 1 Year
Serialno.  Demographic data Group A Group B p-value Serial no. Group Score p-value
1 Age (yr) 41.97£1335 42.35+13.80  0.91 1 A Enneking 0.008
Sex (male:female) 25:14 24:10 - 2 A AQFAS 0.001
Injury to presentation 5.10+£1.52 4.79+1.70 0.42 3 B Enneking <0.001
duration (hr) 4 B AQFAS <0.001
4 Presentation to surgery 13.87+4.00 13.38+3.62 0.49 - - -
duration (h) AOFAS: American Orthopaedic Foot and Ankle Society.
5 Webers A (%) 5(12.83) 4(11.76) 0.89
6 Webers B (%) 23(53.97) 21(61.76) 0.87 o
7 WebersC (%) 1128200  9(2647) 081 Table 3. Comorbidities
8  Comorbidities (%) 11(28.20) 13(38.23) 037 Serial no. Comorbidities Group A Group B
Values are presented as meanzstandard deviation or number (%). 1 Morbid obesity 5 4
2 Alcoholic 9 M
3 Diabetes 5 6
Table 3. Outcome Measures Group A vs. Group B 4 Hypertension 4 3
Score Group A GroupB  p-value 5 Smoking 7 9
6 Substance abuse 1 2
Enneking 6 months 12.85£1.05  24.95+2.58  <0.01
Enneking 1 year 27.82+4.63  27.77+4.66 0.87
AOFAS 6 months 35.88t7.47 673611224  0.01

AOFAS 1 year
Ankle dorsiflexion 6 months (°)

76.59+11.94  76.18+£11.91  0.94
0.29+1.71 5.64%5.02 0.001

Ankle dorsiflexion 1 year (°) 8.38+4.03 8.21+4.37 0.91

Ankle plantarflexion 6 months (°)  21.03+6.60  21.79+6.64 0.57

Ankle plantarflexion 1 year ) 2647+6.46  26.67+6.62 0.90
VAS score at 6 months 2.82+0.76 2.38+0.85 0.23
VAS score at 1 year 1.62+0.54 1.56+0.50 0.65

Values are presented as meanzstandard deviation.
AOFAS: American Orthopaedic Foot and Ankle Society, VAS: visual analogue
scale.

4.03° respectively. The mean dorsiflexion attained in group
B was 5.64°+5.02° and 8.21°+4.37° respectively, during the
6-month and 1-year follow-ups. At 6 months, there was a
substantial difference in dorsiflexion between the two groups
(p-value 0.001), but there was no difference at the 1-year
follow-up (p-value 0.91). At 6 months and 1 year, the average
plantar flexion achieved by both groups did not significantly
differ (p-value 0.57 and 0.90 respectively). At six months,
group A’s plantar flexion was 21.03°£6.60°, whereas group
B's was 21.79°£6.64°. Plantar flexion was 26.47°£6.46° in
group A at 12 months, compared to 26.67° +6.62° in group B
(Table 3).

In groups, A and B, 11 and 13 patients, respectively, had
comorbid conditions such as diabetes, obesity, and depen-
dence on substances. Both groups experienced complica-
tions at a rate of 20.51% and 20.59%, respectively. Complica-

tions were noticed only in patients with co morbid illnesses

(Table 5). At 2 week follow up, one patient in group A and 3
patients in group B had wound dehiscence which was man-
aged conservatively with regular dressing. Superficial infec-
tion was noticed in 2 patients from group A and group B
respectively at 6 weeks, which was managed conservatively
with antibiotics and wound dressing. At the 6 week follow-
up, 3 patients in group A had deep infections which required
surgical debridement. At 3 month follow-up 1 patient in
group A had a superficial infection that was managed with
wound care and oral antibiotics, whereas, one patient in
group B developed a deep infection necessitating surgical
management. One patient from each group had nonunion at
the final follow-up and we noticed that both had continued
smoking after definitive surgery. None of the study partici-
pants had implant failure, peri-implant fracture or osteomy-

elitis at the final visit (Table 6).

DISCUSSION

In this study, we found that there was a significant dif-
ference in clinical and functional outcomes between the
two groups at 6 months. However, there was no discernable
difference in clinical outcomes that were measured using
range of movement and post-operative pain at 1 year. The
functional outcomes assessed using the Enneking score and
AQFAS score were significantly improved at the final follow

up. Therefore, the employment of a targeted treatment strat-
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Table 6. Complications

Serial no. Complications Group A Comorbidity Group B Comorbidity
1 Wound dehiscence 1 Diabetes 3 Diabetes 2, morbid obesity & hypertension 1
2 Superficial infection 3 Diabetes 1, morbid obesity & hypertension 2 2 Diabetes 1, morbid obesity 1
3 Deep infection 3 Substance abuse & alcoholic 1, diabetes 2 1 Substance abuse & alcoholic 1
4 Nonunion 1 Smoking 1 1 Smoking 1
Total 8 7

Open ankle fractures at our
level 1 trauma centre between
January 2019 and January 2022

}

Total 96 cases

}

23 cases were excluded
- 2 were children less than 18 years
- 5 presented beyond 24 hours
- 4 did not complete 1 year of follow-up
- 12 patients had associated foot or pilon
fractures or other system involvement

}

Total study population 73

—

Group A - delayed definitive Group B - early definitive
fixation 39 patients fixation 34 patients

Figure 1. Algorithm of patient selection for the study.

egy with early definitive fixation for low grade (grade 1 and 2)
fractures and delayed definitive fixation for higher grade 3A
and 3B) fractures produced good functional outcomes while
minimizing the risk of complications.

As mentioned earlier, there are studies which advocate the
use of early definitive fixation for all open fractures irrespec-
tive of the severity of injury and they have reported a good
outcome. However, there is substantial evidence to suggest
that staged delayed fixation of open ankle fractures is ef-
fective as early fixation with lesser long term ankle swelling
compared to early fixation group.”® We were interested in
discussing a targeted strategy to patients with respect to the
grade of open ankle fracture as there are no clear guidelines
about whether early or delayed treatment is advantageous.

Open ankle fractures have a 9.4 times greater chance of
developing a superficial infection, which is typically treated
with meticulous debridement and antibiotics based on

wound culture for three weeks.” However, 5% of patients

experience a profound infection that necessitates multiple
debridement and flap reconstruction.?? In the current study,
we found 7.69% superficial infections in group A and 8.82%
superficial infections in group B respectively that was man-
aged conservatively with 3 weeks of antibiotic treatment
based on wound culture to eradicate it. Furthermore, 7.7%
of the patients in group A experienced deep infections that
required debridement and flap coverage, while 2.9% patients
in group B had profound infections that required only surgi-
cal debridement and not flap coverage.

Comorbidities such as obesity with a body mass index »30,
diabetes, alcohol use, and illicit drug use have all been linked
to an increased risk of postoperative complications such as
infection.?'” In contrast to patients without comorbidities,
these conditions were not observed to increase the incidence
of infections, non-union, implant failure, or post-traumatic
arthritis in open ankle fractures.'” In this study, we found
no difference between early versus delayed fixation for open
ankle fractures in terms of comorbidities and complications.

Early weight bearing and ankle mobilization were discov-
ered to be beneficial for improving ankle range of motion,
functional outcomes, returning to daily activities, and reduc-
ing osteoporosis.’? The functional outcome for patients with
early vs. late weight-bearing in open ankle fractures was not
significantly different during long-term follow-up.'*'? As
part of a standard procedure, all patients commenced range-
of-motion exercises on the second day following definitive
fixation and early weight bearing after suture removal at 2
weeks. Our study shows that early weight bearing and phys-
iotherapy following definitive fixation were associated with a
good functional outcome at the final follow up with no addi-
tional risk of loss of fixation or requirement for intervention.

Open ankle fractures from high-energy accidents were
treated based on the grade of the fracture; for example,

grade 3B fractures that required flap reconstruction were
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treated in two stages, typically by a team comprising ortho-
paedic surgeons and plastic surgeons at the time of definitive
fixation, which improves outcomes.”'® At the time of the
final follow-up, the delayed fixation group, which was used
in our study for all 3A and 3B injuries, had outcomes that
were just as favourable as those of the early fixation group.
Our results indicate that delayed definitive fixation in higher
grade injuries was more advantageous in terms of improving
outcome and reducing complications, as both groups had
comparable functional and clinical outcome at 12 months.

Open ankle fractures represent a significant challenge in
orthopaedic surgery and require prompt and meticulous
management. The complexity of these injuries requires a
multidisciplinary approach involving orthopaedic surgeons,
plastic surgeons, infectious disease specialists, and physical
therapists. Moreover, individualized treatment plans tailored
to the patient’s specific needs, considering their overall
health status, wound condition, and associated comorbidi-
ties, are paramount. We recommend early definitive fixation
for lower grade injuries (Gustilo Anderson I and II), and, us-
ing a phased surgical approach with delayed definitive fixa-
tion for higher grade injuries (Gustilo Anderson 3A and 3B).
This should be followed by early physiotherapy and weight
bearing to improve clinical and functional outcomes follow-
ing open ankle fractures.

The limitation of our study is that it is a retrospective study
with short follow up time. Sample size is small to draw any
definitive conclusions. Large multicentric randomized con-

trolled trial can be done to further validate the study.

CONCLUSION

Low grade open ankle fracture patients who received early
definitive fixation had better dorsiflexion and functional
ratings at 6 months compared to high grade open fracture
patients who received delayed definitive fixation. How-
ever, both groups had comparable clinical and functional
outcomes at 12 months. Hence, we recommend the above
approach for management of open ankle fractures. A ran-
domised control study would help to further validate our

findings in future research.
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