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Незначительная корреляция между послеоперационным отеком и 
ранним функциональным исходом после артродеза голеностопного сустава

Insignificant correlation between post-operative swelling and 
early functional outcome after ankle fusion

Raden Andri Primadhi, Renaldi Prasetia, Gibran Alpharian, Hermawan Nagar Rasyid
Universitas Padjadjaran Medical School / Hasan Sadikin Hospital, Bandung, Indonesia

Введение.  Отек  является  частым  осложнением  после  операций  на  голеностопном  суставе  и  становится  одной  из  самых  распространенных 
жалоб пациентов, поступающих в клиники. Это влияет на удовлетворенность пациентов результатами лечения, но связь между припухлостью и 
клиническим исходом остается неясной. Материалы и методы. В исследовании оценивали объем отека стопы и области голеностопного сустава у 
112 пациентов с артродезом голеностопного сустава в анамнезе, определяли индекс функции стопы (FFI) и степень удовлетворенности пациентов. 
Взаимосвязь между объемом отека и ранними результатами анализировалась с помощью коэффициента корреляции Пирсона и диаграммы разброса. 
Результаты. Среднее увеличение объема отека составило 120,0 ± 96,2 мл (диапазон 5 ~ 400 мл), средний балл FFI до операции отмечен на уровне 
73,7 ± 4,8 % (диапазон 68 ~ 81%), через 3 месяца после операции он составил 32,8 ± 5,0 % (диапазон 22 ~ 56 %), а медиана шкалы удовлетворенности 
составила 1 (удовлетворен). При корреляционном анализе значимый коэффициент корреляции Пирсона был отмечен при оценке удовлетворенности 
пациентов, в то время как объем отека показал слабую корреляцию с FFI (значение R = 0,190; значение p = 0,045). Выводы. Наше исследование 
показало, что отек стопы и голеностопного сустава после операции артродеза голеностопного сустава не связан с клиническим и функциональным 
результатом. Однако, поскольку он влияет на удовлетворенность пациентов, мы подчеркиваем необходимость выявления проблемы и лечения отека, 
при этом разъясняя больным, что отек не оказывает влияния на ранний функциональный результат.
Ключевые слова: стопа, голеностопный сустав, отек, FFI, удовлетворение

Introduction Swelling is a common complication following a foot and ankle surgery, and is one of the most prevalent complaints that patients present 
at  the clinics. While it affects patients’ satisfaction, the relevance between the swelling and clinical outcome remains unclear. Material and Methods 
This study assessed volume of foot and ankle swelling in 112 patients with history of ankle fusion, the patients’ Foot Function Index (FFI) score, and 
patients’ satisfaction. The relationships between swelling volume and early outcomes were analysed with Pearson’s correlation coefficient and a scatter 
plot. Results The mean of swelling volume increase was 120.0 ± 96.2 ml (range 5 ~ 400 ml); pre-operative FFI score mean was 73.7 ± 4.8 % (range 68 % 
~ 81 %), 3 months post-operative FFI score mean was 32.8 ± 5.0 % (range 22 % ~ 56 %) and satisfaction scale’s median was 1 (satisfied). In the correlation 
analysis, while the meaningful Pearson’s correlation coefficient was found with satisfaction scale, swelling volume showed a weak correlation of Pearson’s 
correlation test with FFI scores (R value = 0.190; p value = 0.045). Conclusions This study revealed that the swelling of the foot and ankle following ankle 
fusion surgery are not associated with functional clinical outcome. However, because it affects the patients’ satisfaction, we emphasize the need to identify 
the problem and management of the swelling, while assuring them that the swelling does not correlate with the early functional outcome.
Keywords: foot, ankle, swelling, FFI, satisfaction

INTRODUcTION

Patients commonly present with foot and ankle problems 
both in primary or secondary care clinics. Swelling is one of 
the prevalent reasons for patient’s visit to the foot and ankle 
clinics along with pain, deformity, stiffness, instability, or 
abnormal gait. Generalized bilateral swelling that involves 
the whole foot and ankle is usually more related to systemic 
pathology  such  as  cardiac  or  renal  problems.  Localized 
swelling  is  more  likely  results  from  some  specific  local 
pathologies, including inflammation, post-surgical or post-
trauma  consequences,  vascular  problems,  or  a  specific 
problem such as charcot neuroarthropathy [1]. As the foot 
swells, stiffness and pain appear. Previous studies showed 
that  around  45 %  of  patients  may  complain  of  ankle 
swelling five-year  after  ankle  fracture fixation  [2].  It has 
been reported that foot swelling disappeared at 18.6 weeks 
after tibial fracture in 50 % of patients. It persisted in a small 
percentage of patients after 2 years or more [3]. However, 
clinical relevance between the amount of swelling and the 
functional clinical outcome is uncertain.

Ankle fusion has become the main surgical procedure for 
end-stage ankle arthritis. Ankle arthrodesis is used to relieve 
pain and improve the function of the foot in ankle degeneration. 
However it alters the biomechanical performance of the foot 
and ankle as the end goal is a well-aligned, stable ankle joint 
with the foot at a 90°-angle to the leg [4, 5]. The ankle utilizes 
the calf muscle pump function to pump blood to the heart by 
muscle contraction [6, 7]. Ankle stiffness after fusion prevents 
this pumping exercise, therefore swelling is commonly found.

Outcome  parameters  such  as  functional  assessment, 
quality  of  life,  or  patient  satisfaction  have  become 
fundamental tools for outcome evaluation after orthopaedic 
interventions.  Objective  treatment  success  is  essential, 
but  not  the  only  condition  which  generates  patient 
satisfaction  [8]. To our knowledge,  there are  still  limited 
studies evaluating swollen foot. The aim of this study was 
to measure the swelling volume of the foot and ankle after 
ankle  fusion  surgery,  and  to  investigate  its  influence  on 
functional clinical outcomes and patient satisfaction.

MATeRIAL AND MeTHODS

A retrospective study was conducted involving patients 
with history of ankle  fusion surgery due  to primary end-

stage ankle osteoarthritis, who presented  to  the foot-and-
ankle clinic at Hasan Sadikin Hospital, Bandung, Indonesia, 
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from January 2017  to December 2019. The  study period 
was  chosen  due  to  the  beginning  of  documentation  of 
quantitative swelling measurements at our clinic in 2017.

Patients  were  examined  for  foot  and  ankle  volume 
pre-operatively  and  at  three  months  post-surgery.  The 
time passage of  three months was chosen because of  the 
rehabilitation  protocol  used  at  our  hospital  that  allows 
full weight-bearing daily activity in the third month post-
operatively.  Differences  between  two  measurements 
were  observed  and  documented  as  a  quantification  of 
the swelling volume (Δ volume). Foot and ankle volume 
were  measured  with  a  water  displacement  technique  as 
described  by  Brodovicz  et al,  using  a  foot  volumeter,  a 
clear rectangular box with a spout at the top of one of its 
short sides, as illustrated in Figure 1. The volumeter was 
filled with water until water rushed out of the spout. Once 
the water  level was stable,  the patient placed one foot  in 
the volumeter and  the displaced water was collected and 
measured  in  a  graduated  cylinder.  The  amount  of  water 
displaced equals to the volume of the foot and ankle [9]. 
Patients who  presented  a  non-healing wound  in  the  foot 
were excluded from the study due to unfavourable effect of 
foot immersion on the wound. 

All  the  subjects  had  undergone  a  similar  operative 
procedure. Patients only with a midline anterior approach 
were  included  into  this  study  as  it  is  the most  common 
approach used in our hospital. This approach allows great 
exposure  to  the  ankle  joint.  The  ankle  joint  is  exposed 
between  the  tibialis  anterior  tendon  and  the  extensor 
hallucis  longus  tendon. The disadvantage of  this  incision 

is  that  it  lacks  exposure  to  the  posterior  ankle  joint  and 
the malleoli.  care must  be  taken  to  avoid  damaging  the 
medial dorsal cutaneous nerve [5]. We generally use three 
cancellous screws (DePuy Synthes, Germany) for fixation, 
except for some cases that needed a more stable construct 
(Fig. 2). Out of all the patients who had undergone ankle 
fusion, the ones who had fixation elements other than three 
cancellous  screws  for fixation,  such as a plate,  a nail, or 
more screws, were excluded from this study. It was crucial 
for the measurement, since the magnitude of postoperative 
volume  was  related  to  the  amount  or  the  size  of  the 
hardware.

Postoperative  rehabilitation  protocol  was  identical 
for  all  subjects  as  follows:  (a)  immediate  postoperative 
(  elevation,  compression,  cold  therapy);  (b)  non-weight 
bearing  for  3  weeks  (knee  flexion-extension,  isometric 
exercise,  and  toe  curls/spreads);  (c)  weeks  3–8  (partial 
weight bearing  as  tolerated,  proprioception  exercise,  and 
muscle  strengthening);  and  (d)  full  weight  bearing  as 
tolerated after 8 weeks.

Foot function index (FFI) score and satisfaction scale 
were  collected  at  a  three  months  follow-up  visit  and 
analysed  for  the  relationship  with  the  swelling  volume. 
FFI was  shown  as  a  reasonable  tool  for  low  functioning 
individuals with foot disorders. Agel et al concluded that 
this scoring system might not be appropriate for individuals 
who function at or above the level of independent activities 
of daily living [10]. For that reason, we use FFI for arthritis 
patient with  some degree of disability. Pre-operative and 
three months post-operative FFI scores were collected. 

Fig. 1 Upper photo: water displacement volumeter set-up. Lower photo: illustration of volume measurement

Fig. 2 Midline anterior approach of the ankle (left). Postoperative X-rays demonstrating the use of three cancellous screws for fixation (right)
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Swelling  volume  were  evaluated  primarily  as 
continuous variables. In order to investigate the correlations 
of  FFI  score  and  swelling  volume,  a  bivariate  analysis 
was  performed  using  Pearson  correlation  coefficient. 
Additionally,  we  used  a  scatter  plot  to  investigate  the 
relationship  as  continuous  variables.  Statistical  analysis 

was  performed  using  IBM SPSS Statistics, Version  25.0 
(IBM co., NY, USA), and considered p values < 0.05 to be 
statistically significant.

ethical  clearance  from  institutional  review  board  of 
Hasan  Sadikin  Hospital  was  obtained  before  this  study 
commenced.

ReSULTS

One hundred and twelve (112) patients were included 
in this study (Table 1). The majority were women (58.3 %) 
and the mean age was 59.75 ± 6.81 years. Most participants 
showed an increased post-operative foot and ankle volume 
after three months compared with pre-operative in a mean 
of  120.0 ± 96.2  ml  (range,  5–400 ml).  We  found  FFI 
scores’ improvement in all patients, and the improvement 
ranged from 15 % to 53 %, with a mean of 40.9 ± 6.53 %. 
Satisfaction  was  assessed  as  satisfied  (71  patients), 
indifferent (22 patients), dissatisfied (19 patients).

Table 1
characteristics of the subjects

characteristics Results Range
Total number of patients 112
Age (years) 59.75 ± 6.81 48 ~ 74

Sex
Female  45
Male 67

Δ Swelling volume (ml) 120.0 ± 96.2 5 ~ 400
Preop FFI score (%) 73.7 ± 4.8 68 ~ 81
3-mo post-op FFI score (%) 32.88 ± 5.0 22 ~ 56

Satisfaction
Satisfied 71
Indifferent 22
Dissatisfied 19

A  correlation  analysis  was  performed  using 
the  Pearson  correlation  coefficient  to  examine  the 
relationships of swelling with a 3-months post-operative 
FFI score and satisfaction scale (Table 2). Although the 
correlation between swelling volume and  the FFI  score 
was  significant,  the  Pearson  correlation  coefficient 

(R value)  was  0.190,  indicating  weak  correlation 
(p = 0.045).  In  contrast,  swelling  volume  showed  a 
significant  positive  correlation,  with  a  meaningful 
R value of 0.717 (p < 0.001). A scatter plot was made to 
show the relationship between swelling volume and FFI 
scores as continuous variables. Likewise, they were not 
found to be related in the scatter plot (Fig. 3).

Table 2
Relationships of swelling volume with FFI score and 

satisfaction scale

Variables 3-mo FFI score Satisfaction scale
R value by Pearson 
correlation test 0.190 0.717

p value by Pearson 
correlation test 0.045 < 0.001

Fig. 3 Scatter plot of the relationship between swelling volume 
and FFI score at 3-months follow-up

DIScUSSION

Swelling  or  oedema  is  an  accumulation  of  fluid  in 
the  interstitial space  that occurs as  the capillary filtration 
exceeds  the  limits  of  lymphatic  drainage,  producing 
noticeable clinical signs and symptoms [11]. Post-operative 
swelling occurs in a part as a result of the cytokine response 
to  surgical  injury,  which  increases  the  permeability  of 
the  capillary membrane  to  proteins  such  as  albumin  and 
results in redistribution of plasma proteins and fluid from 
the intravascular to the interstitial space. Swelling can alter 
surgical results functionally or cosmetically [12, 13]. The 
release of chemicals and compression of nerves in the area 
of injury causes pain.

The growth of population with ankle arthritis has  led 
to  the  imperative  need  for  effective  ankle  reconstruction 
surgeries.  Other  indications  include  chronic  instability, 
charcot neuropathy, failed total ankle arthroplasty, septic 
arthritis,  avascular  necrosis  of  the  talus,  and  paralytic 
deformities  when  muscle  tendon  rebalancing  is  not 
possible  [5].  Ankle  fusion  has  been  reported  to  be  an 
effective surgery for pain relief and retaining plantigrade 
foot  function.  However,  postoperative  complications 
are  common  [6,  14].  The  use  of  tourniquets  is  common 

during foot and ankle surgery to reduce bleeding, improve 
visualization,  and  expedite  the  surgical  procedures. 
However,  there  is  a  condition  known  as  post-tourniquet 
syndrome, comprised of swelling, stiffness, and pale limb. 
The exsanguinated human limb will swell immediately by 
approximately 10 % of its original volume after pneumatic 
tourniquet  release.  Reactive  hyperemia  and  subsequent 
additional  swelling  can  occur  from  hematoma  formation 
and the accumulation of post-anoxic oedema fluid [15, 16]. 

Numerous techniques for decreasing oedema have been 
introduced  with  varied  results.  compression  stockings 
application was one of the techniques that can reduce post-
operative  limb  swelling  and  improve  the  rehabilitation 
process  [17].  Other  techniques  are  pneumatic  impulse 
compression and cold compression therapy [18, 19]. The 
use  of  cold  compression  therapy  following  either  acute 
musculoskeletal  injury  or  orthopaedic  surgery  had  been 
reported as  improving clinical outcomes compared  to no 
treatment.  The  local  application  of  cold  suppresses  the 
metabolic rate of  the surrounding soft  tissue, resulting in 
enzymatic activity reduction thus preventing tissue damage 
by  hypoxia.  cold-induced  vasocontriction  also  reduces 



474

Гений Ортопедии, том 26, № 4, 2020 г.

Вопросы ортопедии

extravasation  of  blood  into  surrounding  tissues,  local 
inflammation  and  oedema  production.  However  because 
the  benefits  of  cold  compression  therapy  diminish  with 
time,  this  intervention  is  thought  to  be most  effective  if 
applied almost immediately after injury or at the conclusion 
of an operative procedure [19, 20]. Grubhofer et al stated 
that  compressive  stocking had not  shown any  significant 
beneficial  effects  on  subjective  or  objective  outcome 
parameter  of  patients  after  hindfoot  and  ankle  surgery, 
and coincided with low compliance due to the constricting 
effect of the stocking [21]. 

Bilateral  leg  swelling  is  a  frequent  symptom  in older 
people  and  an  important  concern  in  geriatric  medicine. 
The  most  probable  cause  of  bilateral  oedema  in  older 
patients is chronic venous insufficiency, heart failure, renal 
disease, liver disease, and drug-induced state [22]. In this 
study, we excluded bilateral swelling, therefore restricting 
the  patients  only  to  those  having  unilateral  swelling 
associated  with  prior  surgery.  Similar  result  was  also 
found regarding sex difference. There was no correlation 
between  unilateral  foot  swelling  and  sex,  otherwise 
there was  bilateral  swelling  or  related  to  gender-specific 
conditions  such  as  pregnancy.  Post-operative  period was 
not significantly related to the amount of swelling. Various 
reports  showed  different  duration  of  foot  swelling  [23]. 
Probable determinant were  the preoperative swelling and 
the post-operative rehabilitation program, which were not 
evaluated in this study.

In  contrary  to  the  general  concept,  this  study  showed 
that FFI score was not significantly associated with swelling 
amount. This finding was likely attributable to varied post-
operative  period  of  the  admitted  patients. While  acute  or 
immediate post-operative oedema feasibly had an impact on 
pain and FFI score, the swelling at a longer follow-up period 
may  not  yield  the  same  result.  It  has  been  postulated  in 
literature that psychosocial factors, especially preoperative 
psychological distress, such as depression, is associated with 
poor clinical outcome. Yet the correlation was not confirmed 

in our evaluation  [24]. Other  studies  stated an association 
between swelling and unsatisfactory outcomes after foot and 
ankle  surgery  [2, 21, 23, 25, 26]. However, most of  them 
analysed  the  underlying  diagnosis  toward  the  functional 
outcome. None of them measured the relationship wielding 
the  swelling as  independent variable. One of  the previous 
studies  on  clinical  outcomes with  oedema was  conducted 
by  Vaughan-Shaw  et al  that  assessed  qualitative  oedema 
following emergency abdominal surgery [12]. Younger et al 
reported that swelling may be the cause of poorer outcomes 
in open ankle fusion compared to arthroscopic. Nevertheless, 
it was a different study approach compared with our study. 
In  our  study,  all  the  patients  received  similar  surgery  and 
approach,  with  the  result  that  some  variables  difference 
such as post-operative wound, soft tissue stripping, or extent 
of  tourniquet  use were  eliminated. Furthermore,  the  same 
study also noted  that between  two procedures,  total  ankle 
arthroplasty  and  arthroscopic  ankle  arthrodesis,  swelling 
scores  for  TAA  were  higher  compared  to  AAA  despite 
similar  outcomes  [27]. This  indicates  that  swelling  is  not 
a  sole determinant of  clinical outcomes after  ankle  fusion 
surgery.  comparable  to  other  prior  studies  of  various 
surgical  sites,  swelling  was  a  significant  determinant  of 
patients’ satisfaction [28, 29]. In our clinic, it is one of the 
most  common  complaints  that  brought  the  patients  to  the 
hospital, even if they fully returned to activity. 

There were potential limitations in this study. First, the 
small  sample  size  risks  type  II  statistical  error  and may 
have resulted in some variations failing to reach statistical 
significance. Second, we aware of the ceiling effect of the 
satisfaction assessment. ceiling effects can lead to serious 
artefact parameter estimates in most data analysis. Third, 
the underlying comorbidities were not explored sufficiently 
to be included in the assessment, and the exclusion of the 
feet with non-healing wound may affect the results. Further 
studies  should  include  longer  follow-up  to  identify mid-
term and long-term effects of foot and ankle swelling on 
functional outcomes.

cONcLUSION

This  investigation  established  that  the  swelling  of 
the  foot  and  ankle  after  ankle  arthrodesis  is  not  a  sole 
determinant  of  functional  clinical  outcome.  However, 
it  affected  the  patients’  satisfaction  with  the  outcome, 
regardless  of  the  other  clinical  features.  As  fulfilment 

of  expectations  is  an  important  determinant  of  patients’ 
contentment,  we  emphasize  the  need  to  identify  the 
problem  and  to  manage  swelling,  while  assuring  them 
that the swollen foot does not always correlate with early 
functional outcome.
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