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ABSTRACT 

Aim To investigate whether the use of ion resonance and brome-
lain-vitamin C or bromelain-vitamin C is the best to prevent ankle 
complications in post operative bimalleolar surgery.

Methods A total of 61 patients treated with bimalleolar surgery 
were enrolled. The patients were divided into three groups: the 
first group (n=22) treated only with the surgery, the second gro-
up (n=18) treated by ion resonance and bromelain-vitamin C, and 
the third group (n=21) was treated with bromelain-vitamin C.  All 
patients in the second and third group underwent adjuvant therapy 
for 50 days. The criteria to evaluate the three groups during the 
clinical and radiological follow-up were as follows: complications 
and soft tissue status. Bone healing measured by the Radiographic 
Union Score Ankle (RUSA), and functional results were evaluated 
according to the American Foot & Ankle Score (AFAS). 

Results In the first group nine (out of 22; 40.90%) patients develo-
ped complications, in the second group three (out of 18; 16.67%) 
and in the third group seven (out of 21; 33.33%) presented com-
plications. There is no statistical difference between the three gro-
ups regarding the type of fractures, mean age, gender ratio. The 
worst radiographic and stiffness results in the first group were 
found (p=0.006). The second group showed better bone healing 
(p=0.049), better performance in functional recovery measured by 
AFAS (p=0.039). 

Conclusion Ion resonance and bromelain-vitamin C group showed 
better outcomes to improve the functional outcome; it allows re-
duction of complications, consequently, an early return to quality 
life, and a corresponding improvement of the quality of life.

Key words: ankle, bromelain, complication, ion resonance, soft 
tissue, surgery, vitamin C
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INTRODUCTION

Ankle fractures account for about 9% of all 
fractures, with an incidence of 187 fractures per 
100.000 people each year in the USA (1). They 
frequently occur in elderly as a result of a mi-
nor injury in younger age (1). Surgery of these 
fractures is associated with complications such 
as non-union, mal-union, complex regional pain 
syndrome (CRPS), post-traumatic osteoarthritis 
and especially skin and soft tissue problems ran-
ging from wound healing delay to the exposure 
of the internal fixation (2). 
The Food and Drug Administration (FDA) (3) re-
commends the supplement of vitamin C to reduce 
the prevalence of complex regional pain syndrome 
after wrist fractures. A daily dose of 500 mg for fifty 
days is recommended. The rationale for the use of 
vitamin C is based on a hypothetical pathogene-
sis for CRPS from oxidative stress (3). Vitamin C 
halts the progression of vascular permeability after 
burning (4), and reduces microvascular leakage 
of fluid and protein (5) and also reduces lipid pe-
roxidation after burning (6). Vitamin C is a natural 
antioxidant that can scavenge hydroxyl radicals (7) 
and superoxide radicals that produce hydroxyl radi-
cals (8,9), thus stopping free-radical reactions and 
the propagation of chain reactions (10-12).
The anti-inflammatory effects of boswellia and 
boswellic acids (substance of bromelain)  have 
been shown to be linked to their ability to inhibit 
leukotriene biosynthesis (13). At the joint level, 
their action is not only symptomatic but also cu-
rative, as they reduce the thinning of the articular 
cartilage by inhibiting proteolytic enzymes such as 
hyaluronidase and elastase (13-21). The usefulne-
ss of bromelain in preventing the ankle soft tissue 
complications was reported by Rollo et al. (22). 
For many years electromagnetic fields (EMFs) 
have been used clinically with various settings 
as an exogenous stimulation method to promote 
fracture healing. However, underlying mechani-
sms of action and EMF parameters responsible 
for certain effects remain unclear (13-20). The 
physiologic mechanism of the response of skele-
tal cells to extremely low frequency (ELF)- pul-
sed electromagnetic fields (PEMF) is the synthe-
sis of extracellular matrix (ECM) structural and 
signalling molecules in the context of the repara-
tion. In a well-characterized in vivo model, ELF-
PEMF stimulation has been shown to increase 

the synthesis of cartilage and bone matrix growth 
factors and to enhance the proliferation and 
differentiation of osteoblast-like primary cells 
(13-21). In 1987, American FDA authorized the 
first medical application of ion resonance to tre-
at bone fractures consolidation delays (23). The 
ion-resonance is based on two parallel magnetic 
fields, one static and one variable over time (23). 
It was demonstrated that the Ca2+ and Mg2+ 
ICR-like frequencies can stimulate cartilage and 
bone development and improve the soft tissue 
quality (13-17,23). 
From scientific literature it is highlighted that the 
single use of vitamin C, bromelain and magnetic 
fields has a good result for this injury (24-29). 
The aim of this study was to investigate whether 
the use of ion resonance and bromelain-vitamin 
C or bromelain-vitamin C is the best way to pre-
vent ankle complications in post operative bi-
malleolar surgery.

PATIENTS AND METHODS

Patients and study design

Sixty-one patients who underwent bimalleolar 
surgery (over 18 years old) were prospectively 
enrolled. The patients were treated with internal 
fixation by lateral malleolus plating and medi-
al malleolus fixed by cannulated screws in the 
AORN SAN Pio Hospital Benevento, Giugliano, 
and San Anna and San Sebastiano Hospital, Ca-
serta (Italy) during the period between October 
2021 and May 2023. The patients were divided 
into three groups (Table 1).
The first group (n=22) included patients treated 
only with surgery, the second group (n=18) was 
treated with ion resonance and bromelain-vita-
min C, and the third group (n=21) of patients was 
treated with bromelain-vitamin C. 
Patient division was done giving free choice to pa-
tients to adhere to one of the relative and absolute 
contraindications and treatments for the therapies.
The chosen criteria to evaluate the three groups 
during the clinical and radiological follow-up 
were: soft tissue, complex regional pain syn-
drome (CPRS), stiffness, and all complications 
(skin, soft tissues, stiffness, etc).
All patients gave an informed consent prior to 
being included into the study. All procedures in-
volving human participants were in accordance 
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with the 1964 Helsinki Declaration and its later 
amendments. This paper did not need an appro-
val of the Ethics Committee’s.

Methods 

The patients were treated with internal fixation 
by lateral malleolus plating and medial malleolus 
fixed by cannulated screws. In the post surgery 
period, plaster cast was worn only for 3 days, 
then the patient began rapid mobilization. 
The weight bearing was due after 30 days.
All patients in the second and third groups un-
derwent adjuvant therapy for 50 days by  ion re-
sonance, bromelain, and vitamin C. 
The patients of the second group received ion 
resonance therapy for 30 days (Seqex, SISTEMI 
SRL, Trento, Italy). The patients were exposed for 
54 min/day for 30 days to variability frequencies 
(1-80 Hz), variability of intensities (1-100 µT) and 
complex waveforms simultaneously whit various 
parallel static magnetic fields tuned to calcium. 
The Y balance test (YBT) was used to measure 
dynamic balance and a person’s risk of injury. 
The test can be performed on both the upper and 
lower quarters of the body.
The type of bimalleolar fracture was determined 
according Weber Classification (22). 
Type A - below the level of the syndesmosis (in-
frasyndesmotic), usually transverse, tibiofibular 
syndesmosis intact, deltoid ligament intact, me-
dial malleolus occasionally fractured.
Type B - distal extent at the level of the synde-
smosis (trans-syndesmotic), may extend some 
distance proximally, usually spiral, tibiofibu-
lar syndesmosis usually intact, but widening of 
the distal tibiofibular joint (especially on stre-
ssed views) indicates syndesmotic injury medi-
al malleolus may be fractured; deltoid ligament 
may be torn, indicated by widening of the space 
between the medial malleolus and talar dome; 
variable stability, dependent on the status of me-
dial structures (malleolus/deltoid ligament) and 
syndesmosis; may require open reduction and in-
ternal fixation (ORIF); Weber B fractures could 
be further subclassified as B1- isolated,
B2 - associated with a medial lesion (malleolus 
or ligament) and B3 - associated with a medial 
lesion and fracture of posterolateral tibia.

Type C - above the level of the syndesmosis (su-
prasyndesmotic); tibiofibular syndesmosis dis-
ruption with widening of the distal tibiofibular 
articulation; medial malleolus fracture or deltoid 
ligament injury often present; fracture may arise 
as proximally as the level of fibular neck and not 
visualized on ankle films, requiring knee or full-
length tibia-fibula radiographs (Maisonneuve 
fracture); unstable - usually requires ORIF; We-
ber C fractures can be further subclassified as 
C1 - diaphyseal fracture of the fibula, simple; C2 
- diaphyseal fracture of the fibula, complex; C3 
- proximal fracture of the fibula; fracture above 
the syndesmosis results from external rotation or 
abduction forces that also disrupt the joint; usu-
ally associated with an injury to the medial side,
None of the patients received anti-osteoporotic 
therapy during the study.
The radiographic union scale for ankle fractu-
res (RUSA) (24) has been recently developed to 
assess healing of the ankle fractures after open 
reduction and internal fixation (ORIF). Using a 
numerical value for each tibial cortex (anterior, 
posterior, medial, and lateral), the RUSA uses 
bridging callus and fracture line visibility to assess 
fracture healing, both of which have been found to 
be the most reliable signs of bone healing between 
observers. The validity and reliability of the RUSA 
score have been previously evaluated (24), and 
functional results were evaluated according to the 
American Foot & Ankle Score (AFAS) (25) (de-
veloped in 1994, the clinician-based AFAS covers 
four different regions of the foot: ankle-hindfoot, 
midfoot, metatarsophalangeal (MTP)-interphalan-
geal (IP) for the hallux, and MTP-IP for the lesser 
toes. Each measure is comprised of nine questi-
ons and covers three categories: pain (40 points), 
function (50 points), and alignment (10 points). 
These are all scored together for a total of 100 po-
ints. The survey includes both subjective (level of 
pain) and objective (the alignment category – to be 
answered by the physician) questions. The functi-
on category consists of 5-7 questions and requires 
completion by both the patient and the physician. 
Unlike other outcome measures which fall into a 
single category, (AFAS) (25) is a clinician repor-
ting tool that requires both patient and provider 
participation to be fully complete. The AFAS is 
not a patient-reported outcome measure (PROM) 
and when created, it was designed for physicians 
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to help standardize the assessments of patients 
with foot or ankle disorders. Since its inception, 
however, it has gained widespread popularity. Un-
fortunately, some concerns have been raised with 
regard to its validity and reliability (25).
Life style correlated with ankle function by the 
Short Form 12 Health Survey (SF-12) (25). It 
was developed for the Medical Outcomes Study 
(MOS), a multi-year study of patients with chronic 
conditions. The SF-12 instrument provides a solu-
tion to the problem faced by many investigators 
who must restrict survey length. The instrument 
was designed to reduce respondent burden while 
achieving minimum standards of precision for the 
purpose of group comparisons involving multiple 
health dimensions (25), as well as the correlation 
between complications and AFAS (26,27). 
The Non Union Scoring System (NUSS) (22) 
aims to classify non-unions according to their se-
verity and relate them to four treatment categories.
The YBT assessments were measured in the mor-
ning (11:00 AM). The body weight and height 
were used to calculate the body mass index 
(BMI). The leg length was measured bilaterally 
in centimetres and was used to normalize reach 
distances because leg length has been shown to 
be a factor affecting YBT performance (28).

Statistical analysis

Descriptive statistics were used to summarize the 
characteristics of the study group and subgroups, 

including mean and standard deviation (SD) of 
all continuous variables. 
The t-test was used to compare continuous out-
come. The χ2 test or Fisher’s exact test (in sub-
groups smaller than 10 patients) were used to 
compare categorical variables. The statistical 
significance was defined as p<0.05. Pearson cor-
relation coefficient (r) to compare the predictive 
scores was used. Mean ages (and their range) of 
the patients were rounded at the closest year. The 
predictive score of outcomes was approximated 
at the first decimal while Pearson correlation 
coefficient (r) was approximated at the second 
decimal. Cohen's kappa coefficient (κ) was used 
to measure inter-rater agreement for qualitative 
(categorical) items allowing calculation of the 
concordance between different qualitative values 
of the AFAS and the complications.

RESULTS

Among 61 patients undergoing bimalleolar sur-
gery there was no statistical difference between 
the three groups regarding mean age, gender ratio, 
type of accident, occupation and type of fracture 
(p>0.05). The more frequent type of accident in 
all three groups was traffic and work accidents 
(p>0.05). The more frequent types of bimalleolar 
fracture in all three groups were types B1 and B2 
(p>0.05). The NUSS did not have a significant 
variation between the three groups (Table 1).

Variable
Patients group*

p
OS I+B+C B+C

Number of patients 22 18 21 p>0.05
Average age ±SD (years) 42.3±17.4 43.7±17.2 42.6±17.1 p>0.05
Range of age 18-64 18-64 18-64 p>0.05
Gender ratio (M:F) 1.2 (12:10) 1.2 (10:8) 1.1 (11:10) p>0.05
Type of bimalleolar fracture according Weber Classification (No; %)

p>0.05
A 5 (22.72) 5 (27.78 4 (19.05)
B1 7 (31.82) 5 (27.78) 7 (33.33)
B2 7 (31.82) 5 (27.78) 7 (33.33)
B3 3(13.64) 3 (16.66) 3 (14.29)
Type of accident (No; %)
Domestic Fall 5 (22.72) 5 (27.78) 4 (19.05) p>0.05
Traffic 7 (31.82) 5 (27.78) 7 (33.33) p>0.05
Work 7 (31.82) 5 (27.78) 7 (33.33) p>0.05
Other  3 (13.64) 3 (16.66) 3 (14.29) p>0.05
Employment (No; %)
Primary sector 6 (27.27) 5 (27.78) 5 (23.81) p>0.05
Industrial sector 6 (27.27) 5 (27.78) 6 (28.57) p>0.05
Tertiary sector 6 (27.27) 5 (27.78) 6 (28.57) p>0.05
No employed 4 (18.19) 3 (16.66) 4 (19.05) p>0.05
Average±SD of NUSS score at moment of wrist fracture (range) 17.64±14.7 (1-34) 17.77±15.6 (3-35) 17.45±16.8 (1-35) p>0.05

Table 1. Clinical characteristics of 61 patients suffering from bimalleolar fracture

*OS, only synthesis; I+B+C, ion resonance+bromelain+vitamin C; B+C, bromelain+vitamin C; SD, Standard Deviation; NUSS; Non Union 
Scoring System;
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There was statistical difference for developing 
complications: in the second group only three 
(out of 18; 16.67%) (p=0.022), in the third group 
seven (out of 21; 33.33%), and in the first group 
nine (out of 20; 40.90%) patients developed com-
plications (Table 2).  
The worst radiographic and stiffness results were 
found in the first group (p=0.006).
The second group showed better bone healing 
(p=0.049), better performance in functional 
recovery measured by AFAS at one month af-
ter trauma (p=0.039), as well as after 3 months 
following trauma (p=0.041), and better quality of 
life at 30 days (p=0.034) and at 90 days after the 
surgery (p=0.041).
The correlation between complications and 
AFAS showed better results for the second group 
(p=0.032) at the 90 days from the surgery (Table 2).
The YBT for the first group was 0.84 (±0.08; 
0.78-0.89), in the second group it was 0.93 
(±0.09;0.83-1), and in the third group it was 0.91 
(±0.7; 0.78-0.89) (p=0.046).

DISCUSSION

Complications of a bimalleolar ankle fracture 
can range in severity and include wound infec-
tion, wound hematoma, delay of wound healing, 
dislocation, arthrosis, inadequate reduction, 
complex regional pain syndrome, compartment 
syndrome, impingement syndrome, limited ran-
ge of motion, malunion, malunion, and Charcot 

arthropathy, mainly in diabetic patients (2,22). 
The long-term complications include deformity, 
infection, ulceration, ankle osteoarthritis, and 
amputation (2,22). 
Until any patient reached full weight-bearing, 
they must take thromboprophylaxis to prevent 
the development of deep vein thrombosis or pul-
monary embolism (27). 
The main problem of ankle fractures is soft tissue 
oedema and hematoma (22). Concomitant oede-
ma has a major impact on the timing of surgery 
and may increase the risk of wound complicati-
ons and postoperative infection. Various methods 
can be used, including cryotherapy, compression 
bandages, pulsed intermittent compressions and 
especially the use of nutraceuticals. Many follow-
up studies (1-12, 22) examining patient outcomes 
between 14 months and 6 years after fracture fo-
und that few patients had optimally recovered the 
range of motion (ROM); in particular, 52% had 
difficulties in sporting activities, 51% complained 
of stiffness and swelling, pain when walking and 
reduced ability to climb stairs (22). This problem 
occurs very often due to post-traumatic stiffness 
from long immobilization which favours bone 
oedema. Furthermore, early mobilization of the 
ankle in the post-operative period is not possible 
since it is very often linked to the considerable 
oedema and filling of the soft tissues, which can 
lead to a dehiscence of the surgical wound, and the 
presence of the plaques is a predisposing factor to 
infection to post-operative complications (22). 

Variable
Patients group*

p
OS I+B+C B+C

Number of patients 22 18 21 p>0.05
Complications (No, %) 9 (40.91) 3 (16.67) 7 (33.33) p= 0.022
Skin or wound problems 4 (18.18) 1 (5.55) 2 (9.52) p= 0.033
Complex regional pain syndrome 1 (4.54) 0 1 (4.76) p= 0.001
Ankle stiffness 4 (18.18) 2 (11.11) 4 (19.05) p= 0.049
Average RUS score±SD bone healing at 
3 months after trauma (range) 26.3±1.2 (26 -30) 29.3±1.2 (27-30) 29.5±1.6 (27 -30) p= 0.019

Average points ±SD of AFAS score at 
1 month after trauma (range) 44.76±12.6 (28-60) 58.76±11.7 (32-76) 52.32±11.74 (76-96) p = 0.039

Average points of AFAS ±SD score at 
3 months  after trauma (range) 84.76±9.8 (76-96) 92.56±5.4 (92 -100) 90.4±6.8 (82-98) p= 0.041

Average points of VAS ±SD score at 
3 months  after trauma (range) 1.4±0.6 (0 -6) 0.3±0.4 (0-2) 0.8±0.6 (0-3) p= 0.029

Average points of SF-12 ±SD after trauma
(range) 89.5±4.6 (84 -100) 94.8±3.8 (88-100) 92.3±4.6 (86-100) p= 0.038

Average score ±SD of Cohen’s inter-correlation between ankle 
complications and AFAS at 3 months after trauma (range) k=0.84±0.09 (0.76-0.96) k=0.91±0.05 (0.84-1) k=0.89±0.7 (0.81-1) p= 0.032

Table 2. Clinical results and complications for three groups

*OS, only synthesis; I+B+C, ion resonance+bromelain+vitamin C; B+C, bromelain+vitamin C; SD, standard deviation; RUS, Radiographic 
Union Score; AFAS, American Foot & Ankle Score;  VAS, Visual Nalogic Scale; SF-12, Short Form Health Survey-12 
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Bromelain is an effective fibrinolytic agent (16-
21). The fibrinolytic activity of bromelain is attri-
buted to the increased conversion of plasminogen 
to plasmin, an event which favours the degradati-
on of fibrin. This minimizes venous stasis, facili-
tates drainage, increases permeability and resto-
res continuity to biological tissues reducing what 
can lead to dehiscence and infection of the sur-
gical wound (22-27). Results obtained in some 
studies showed a significant improvement in per-
ception of pain at rest, during daily activities and 
physical exertion and in all post-surgery outco-
mes in patients treated with bromelain/daily (28). 
The timeframe for vitamin C administration in 
different studies (17) ranged from 42 to 50 days 
postinjury and/or surgical fixation . The effect size 
showed that vitamin C was associated with a decre-
ased rate of complex regional pain syndrome type 
I (CRPS)-1 than placebo. No significant difference 
was found between vitamin C and placebo in terms 
of complications, functional outcomes and pain 
scores. Overall, vitamin C was associated with a 
decreased rate of CRPS-I than placebo, while no 
significant difference was found regarding com-
plications, functional outcomes, and pain scores 
(16-20). These results hold true when stratifying 
fracture type (distal radius, ankle, and foot surgeri-
es) and vitamin C dose (500 mg or 1 g) (28). Bone 
marrow oedema syndrome (BME) was associated 
with vitamin C deficiency. Current therapeutic in-
terventions include conservative measures (mainly 
unloading), various osteoactive drugs and iloprost. 
A causal relationship between vitamin D or vitamin 
C status, osteopenia, and BME cannot be determi-
ned from the existing literature (13-34). Our results 
are very similar to those described in the literature. 
Ion resonance associated with bromelain and vita-
min C had better effects on the skin (tissue regene-
rative capacity) and bone (osteoblast stimulation).
In 2022 Salas-Gomez et al. (28) reported that 
the people with ankle fractures (PwAF) presen-
ted balance deficits in their operated limb com-
pared to their non-operated limb at both 6 and 
12 months after surgery; however, these deficits 
were mainly observed when the balance was 
assessed in dynamic conditions. The most signi-
ficant balance impairment was observed when 
participants performed the anterior reaching di-
rection of the Y Balance Test (21) with a bilate-
ral deficit of 9.4% and 5.6% at 6 and 12 months 

after surgery, respectively. Although evidence 
in PwAF is limited, our results are supported 
by previous findings showing the YBT can be 
a suitable and sensitive tool to detect balance 
impairments caused by ankle fractures (29,30) 
or less severe ankle injuries (29,30).
De Luna et al. (31) reported fracture-dislocations 
of the ankle are serious injuries of the bone and 
surrounding soft tissues of the ankle that are usu-
ally diagnosed after high-energy traumas, with 
some occurring after a low-energy trauma, espe-
cially in older women. At medium- to long-term 
follow-up, better radiographic results are gene-
rally related to a good reduction of the lesion; 
however, unsatisfactory functional results may 
be observed regardless of an anatomic reduction 
of the fracture-dislocation. In fact, in nine of our 
cases, the AOFAS score was <90 points, despite 
an excellent or good postoperative reduction.
Therapeutic applications of ion resonance with 
extremely low frequency electromagnetic fields 
have demonstrated a significant anti-inflamma-
tory effect. Varani et al. (13) and Vianale et al. 
(14) observed an upregulation of A2A and A3A 
adenosine receptors at 72-75 Hz. Zou et al. (15). 
observed a direct reductive action on expression 
and secretion of IL-1β and TNF-α at 2 Hz. Ma-
haki et al.(26) confirmed an inhibitory effect on 
TNF-α, while also noting an upregulation effect 
on the anti-inflammatory cytokine IL-10 obta-
ined by administration of extremely low frequ-
ency (ELF) electric and magnetic fields (EMF) at 
50 Hz; increased IL-10 at 50 Hz was again con-
firmed by another study by Kaszuba-Zwoińska et 
al. (17). Ion resonance application at 50 Hz also 
appears correlated with inhibition of IL-8 (18), 
while at 40 Hz a similar effect has been demon-
strated on the production and secretion of IL-6 
(19). Inhibition and modulation of inflammatory 
cytokines had a greater improvement on stiffness 
and swelling (22).
In conclusion, the association of ion resonan-
ce and bromelain-vitamin C to treat bimalleo-
lar fractures helps to reduce complications. Ion 
resonance and bromelain-vitamin C group has 
reported better outcomes in improving functio-
nal outcomes; it allows a greater reduction of 
complications, and consequently, an early return 
to and a corresponding improvement of the qu-
ality of life.
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