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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Repairing Pilon fractures remains challenging. 

ORIF allows direct anatomical reduction, but at the expense of 
soft tissues dissection which are associated with recovery. On 
the other hand, External Fixation allows indirect reduction and 
causes less soft tissue damage. However, a few studies conclude 
that External Fixation is associated with high rates of malunion.

The objectives were to evaluate and compare: Primary 
outcome measure: ankle hindfoot function (AOFAS at 9 
months) ,and secondary outcome measures: quality of reduction, 
bone union, arthritic changes, other potential complications and 
ultimately the optimum management for pilon fractures.

Methods: A prospective randomized comparative clinical 
study. 40 Patients were included in the study with comminuted 
closed Pilon fracture. Patients were randomized by closed 
envelope technique into two groups: Group (1) Included 20 
patients managed by external fixation with limited internal 
fixation. Group (2) Included 20 patients managed by open 
reduction and internal fixation. Skeletally immature, type 43A 
AO/OTA, Open fractures, compartment syndrome, Pathological 
fractures were excluded.

Results: There was no significant difference between External 
fixation and ORIF as methods of fixation for Pilon fracture in the 
functional activity of the patient after 9 months as evidenced by 
AOFAS score (P=0.547) and the development of complications 
(P =0.227). However, there was statistically significant 
difference (P <0.001) regarding the time to weight bearing 
between both groups, and statistically significant difference (P 
=0.042) regarding time to union.

Conclusions: The best surgical modality to treat Pilon 
fractures is still debatable. While external fixation is used by 
many to avoid major complications, it has been associated with 
high rates of malunion, and osteoarthritis.

Key words. Pilon-Distal, Tibia-Intraarticular-Tibial, Plafond-
Staged ORIF-Ilizarov.
Introduction.

Tibial pilon fractures are increasing in incidence [1,2], usually 
caused by high energy trauma, whereas their management 
remains still challenging and debatable. Over the past decades, 
many strategies have emerged like open reduction and internal 
fixation mainly with plates (ORIF), external fixation of different 
kinds (ExFix), and minimally invasive treatment options [3,4]. 
The goal of treatment is to achieve a balance between soft tissue 
envelope integrity as much as possible while avoiding articular 
incongruence. ORIF aims to recreate the anatomic structure of 

the bone through direct reduction, on the expense of extensive 
dissection which may affect recovery [5]. On the other side, 
ExFix relies on indirect reduction and thus keeps the soft tissue 
envelope intact. However, a few studies criticized ExFix to 
be associated with high rates of malunion [6,7]. This study 
compares between treatment of pilon fractures with definitive 
external fixation (group 1) and ORIF either early or delayed after 
temporary spanning external fixation (group 2). The objectives 
were to evaluate and compare:

primary outcome measure: ankle hindfoot function (AOFAS 
at 9 months), and secondary outcome measures: quality 
of reduction, bone union, arthritic changes, other potential 
complications and ultimately the optimum management for 
pilon fractures.
Patients and Methods.

A prospective randomized comparative clinical study including 
40 Patients with comminuted closed pilon fracture were 
included. Assuming a standard deviation of 10, a sample size of 
34 was required to obtain 80% power to identify a difference of 
10 points in AOFAS score as statistically significant. Therefore, 
each group should include 17 participants. To compensate for 
lost patients, each group was set to 20 patients. The study was 
performed at Kasr Al-ainy university hospital, Nile hospital for 
health insurance-Cairo-Egypt in the period between May 2019 
and May 2022 with a mean follow up of 24.7±3.07 months for 
Exfix and 23.8±3.12 months for ORIF. The primary outcome 
measure was the AOFAS at 9 months.
Patient selection and randomization:

Patients who consented to participate were randomized by 
closed envelope technique to receive either External Fixation 
or ORIF into two matched groups: Group (1) 20 patients were 
treated by definitive external fixation. Group (2) 20 patients 
were treated by open reduction and internal fixation. Inclusion 
criteria were patients older than 18 years, fracture types 43B 
and 43C per AO/OTA classification and types II & III per Rüedi 
and Allgöwer classification. Exclusion criteria excluded those 
with open fractures, compartment syndrome and pathological 
fractures.

All patients were subjected to clinical assessment, laboratory, 
and radiological investigations (plain x ray and CT scan) to 
assess the degree of fracture comminution, fracture pattern 
according to Rüedi and Allgöwer and OTA/AO classifications, 
and to exclude unsuitable patients from the study, Surgical 
interventions were performed by a single surgeon, the first 
author.
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  ▪ Wound condition: 
In external fixation cases:

• The pin/wire-insertion sites should be kept clean. Any crusts 
or exudates should be removed. The pins/wires may be 
cleaned with saline and/or disinfectant solution/alcohol. The 
frequency of cleaning depends on the circumstances.

• No ointments or antibiotic solutions were used for routine 
pin-site care.

• Dressings were not usually necessary once wound drainage 
has ceased.

• The patient or the carer were teached to apply the cleaning 
routine.

Postoperative rehabilitation.
Weight bearing and Motion:

• All patients were advised to be non-weight bearing.
• All patients were advised to start range of motion exercises 

of the knee and the ankle the next day after operation to avoid 
equines posture of the foot.

• Weight bearing was delayed for 6 weeks in External 
fixation group until union of the articular component after 
which partial weight bearing is allowed. The fixator is left 
on the tibia until solid union is evident radiographically. 
Dynamization is sometimes done by loosening of the locking 
nuts in the external fixator after callus formation.

• In the ORIF group we are guided by the radiological signs of 
union usually.

2) Follow up:
• Follow up by plain x-ray every month until fracture healing 

occurred.
• Then follow-ups were continued every 3 months until 9 

months.

Surgical interventions.
External fixation (Ilizarov): A non-bridging frame was 

applied by two proximal fully circular rings attached to the 
proximal segment to provide stable anchorage for the distal 
ring, one full ring with tensioned wires attached to the distal 
articular segment and 3 or 4 connecting rods between each ring 
(Figure 1).

Preliminary fibular fixation or the use of a temporary bridging 
frame aided reduction. Reduction wires (with olives) were 
considered for interfragmentary compression and reduction 
for the articular component. “Dropped” olive wires in-between 
proximal and distal rings were applied to optimize diaphyseal 
reduction. This was additionally augmented by limited internal 
fixation with screws (Figure 2).

Open reduction and internal fixation (ORIF): Either 
primary (early) ORIF or delayed ORIF after initial (uniplanar) 
delta frame application once soft tissues have healed usually in 
14 to 21 days (Figure 3).

In addition to the anteromedial and anterolateral approaches 
(Figure 4) for the distal tibia, the lateral approach for the fibula 
and posterolateral approach for both the tibia and fibula were 
utilized. In most of the patients (15 cases, 75%) the universal 
anteromedial approach was used.
Postoperative components.

1) Postoperative management:
  ▪ Antibiotics: All patients received single dose of (cefazolin 2 

g) intravenous within 60 minutes prior to incision and continued 
for 2 days postoperatively.

Figure 1. Non bridging Ilizarov frame for distal tibial fractures.

Figure 2. Intraoperative fluoroscopic image shows the proximal and 
distal rings assembly.

Figure 3. Skin condition after trauma and 14 days after spanning with 
Delta frame.

Figure 4. Intraoperative photo showing anterolateral plate applied 
through anterolateral approach.
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3) Postoperative assessment:
Fracture union: Bony union was defined as both clinical and 

radiographic healing (using plain x rays and CT scan), with 
no pain or tenderness on palpation of the fracture, full weight 
bearing and three bridging cortices on orthogonal radiographs. 
Nonunion was defined as a lack of evidence of clinical and 
radiographic union at 9 months [2]. Malunion was defined as >7 
degrees valgus, varus or >10 degrees procurvatum/recurvatum 
on the final radiographic evaluation.

Infection: Infection is considered when there are signs and 
symptoms of infection around the wound. Pin tract infection 
was diagnosed when signs and symptoms of infection around 
a pin that required increasing the frequency of local cleansing, 
protecting the pin site with dressing, using antibiotic, removing 
the pin, or performing surgical debridement.

Ankle hindfoot function: Was measured using AOFAS score 
[3] after 9 months. The maximum score was 100 points. A value 
of more than 87 points was considered to be a good to excellent 
result. 

Objective and subjective outcome measures were recorded by 
a single surgeon, who was unaware of treatment allocation.
Statistical analysis:

Data was coded, entered, and processed on a personal computer 
using SPSS software. The cut-off value for significance was set 
at p < 0.05. Student t test was used to assess the

statistical significance of the difference between two population 
means involving independent samples. A paired t-test was used 
to assess the statistical significance of the difference between 
two population means involving matched or paired samples.
Results.

Age ranged from 19 to 53 years, among the 40 cases males 
were predominant (34 cases).

33 cases were Non-smokers and only 7 cases were smokers.
As regard the mechanism of injury, fractures as a result of 

axial loading were (27 cases) and those as a result of twisting 
injury were (13 cases).

There was no significant difference (P=0.547) between External 
fixation and ORIF as methods of fixation for pilon fracture in 
the functional activity of the patient after 9 months as evidenced 
by AOFAS score where the mean in (External fixation) group 
was 80.20 ± 9.61 range (60-95), and in (ORIF) group was 81.75 
± 6.12 range (70-90), and There was no significant difference 

(P =0.227) in the development of complications such as infection, 
malunion, arthritic changes and wound complications (Table 1).

Late sequel
External 
fixation ORIF Chi-square test

No. % No. % X² P-value
No 10 50% 16 80%

5.651 0.227Malunion 4 20% 1 5%
OA 2 10% 0 0%
Infection 4 20% 1 5%
Wound 
breakdown 0 0% 2 10%

P > 0.05: NS

Table 1. Comparison between external fixation and ORIF groups 
regarding late complication sequels.

Figure 5. Comparison between external fixation and ORIF groups 
regarding weight bearing.

Figure 6. Clinical photo shows wound infection after early ORIF.

Figure 7. Clinical photo shows wound breakdown and exposed plate 
after early ORIF.
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However, there was a statistically significant difference 
between both groups regarding time to weight bearing (P 
<0.001) shorter for external fixation group (45-60 days) than 
for ORIF group (88-126 days) (Figure 5) and a statistically 
significant difference between both groups regarding time to 
union (P =0.042) ranging from 3-4 months for external fixation 
group and 3-7 months for ORIF group.

In the External fixation group 4 cases (20 %) developed 
infection and 1 case (5 %) in the ORIF group (Figure 6). This 
was attributed to minor pin tract infection while only one deep 
infection in the ORIF group was identified. However, wound 
breakdown occurred in 2 cases (10%) in the ORIF group and 
resulted in exposed infected hardware after 4 months and 3 
months which required culture specific suppressive antibiotic 
till union of fracture followed by removal of the implants 
followed by serial debridement till wound healing (Figure 7).

On the other side, malunion in External fixation group was 
recognized in 4 cases (20 %) and in 1 case (5 %) in the ORIF 
group. This was attributed to indirect periarticular fixation in the 
External Fixation group and secondary loss of reduction.
Discussion.

Pilon fractures remain a challenging injury, especially in 
multifragmentary fractures, with articular impaction, and 
complex metaphyseal or diaphyseal components, in addition to 
the soft tissue injuries that are frequently associated with these 
fractures which could affect the management plan and timing 
of surgery.

Over the past years, staged management, newer implants, and 
less invasive techniques have evolved to improve outcome [4]. 

In our study, infection in External fixation group occurred 4 
times (4 cases representing 20 %) more than in ORIF group 
(1 case representing 5 %) although they consisted of minor 
pin tract infection and with only one serious deep infection in 
ORIF group. However, wound breakdown occurred in 2 cases 
of the ORIF group and resulted in exposed infected hardware 
after 4 months and 3 months which required culture specific 
suppressive antibiotic till union of fracture followed by removal 
of the implants followed by serial debridement till wound 
healing.

In our study, malunion in External fixation group occurred 4 
times (4 cases representing 20 %) more than in the ORIF group 
(1case representing 5 %) and the External fixation cases were 
attributed to limited periarticular fixation and secondary loss of 
reduction.

Overall, our study concluded that there was no significant 
difference between External fixation and ORIF as methods of 
fixation for pilon fracture in the functional activity of the patient 
after 9 months as evidenced by AOFAS score (P=0.547) and 
the development of complications such as infection, malunion, 
arthritic changes and wound complications (P =0.227).

However, there was statistically significant difference (P 
<0.001) regarding the time to weight bearing between both 
groups in External fixation group was 47.47±4.489 range, and 
in ORIF group was 109.07 ± 13.14 range.

Regarding time to union P value was (0.042) in External 
fixation group range was (3.45 ± 0.51), and in ORIF group 
range was (4.05 ± 1.14).

In 2019 Saad et al. [5] stated that MIPO technique can 
overcome some concerns with soft tissue insult while obtaining 
good articular reduction. Locked or conventional plates with lag 
screw fixation are utilized for complex articular injuries with or 
without fibular fixation. External fixation is generally used as 
a temporary measure but can be utilized as definitive fixation 
when indicated. There is an indication for acute arthrodesis in 
severely comminuted, osteoporotic, or arthritic ankles with poor 
healing potential.

Resch et al. [6] reported that medial stabilization leads to 
further trophic changes of the cartilage, and these results could 
explain the increased infection rate after early ORIF. 

In 2001 M Blauth et al. [7] stated that ankle function can 
get better by early motion and partial weight-bearing, which 
provides better chance for nutrition of the articular cartilage and 
recovery, and this necessitate rigid stabilization to obtain this 
target. In his study, fractures which were stabilized secondary 
by internal fixation, after a mean of 17 days from the provisional 
treatment, had the best results. The apparently worse results are 
possibly caused by long-term immobilization with fixators and 
casts (for an average of 60 days).

Conversely, Hontzsch et al. [8] and Bone et al. [9] did not 
find any functional disadvantage, and Saleh et al. [10] and De 
Bastiani et al. [11] achieved good results with dynamic fixators.

Circular frames or hybrid systems applied in a non-spanning 
mode, may become useful tools [12] but do not always solve the 
problems in severe pilon fractures [13].

Manaf H Younis et al. [14] in in their meta-analysis concluded 
that, early postoperative major complications were not 
significantly affected by the method of fixation whether external 
or internal, Minor infections, on the other hand, were 2.8 times 
more likely to be connected with external devices, and this is 
related to the high frequency of superficial pin tract infections 
linked to these devices.

When treating pilon fractures with external fixation, the risk of 
delayed union and malunion is more than doubled and the risk 
of non-union is not significantly different from that of ORIF. 

Due to the lack of anatomical articular reduction and rigid 
stabilization that are achieved by external fixation as compared to 
ORIF, long-term consequences indicated a high risk of arthritic 
alterations following different forms of external fixation.

Any method of external fixation, including uniplanar, circular, 
and limited internal fixation, produced these results.

In 2016 Yi-Chen Meng et al. [15] systematic review and meta-
analysis included 11 studies, 1 prospective randomized and 10 
retrospective cohort studies comparing ORIF versus External 
Fixation. The meta-analysis results suggested that there is no 
statistically significant difference of the infection between the 
ORIF and the External Fixation group. 

Analysis of deep infection did not reveal a significant difference 
between both groups, but when only superficial infection was 
considered, the incidence increased in the external fixation 
group. 

Union time was compared by four studies. One of them 
stated that ORIF required less time to union (p<0.05) without 
describing the standard deviation. Meta-analysis of other three 
studies revealed no significant difference between the two 
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treatment groups, but with a significant heterogeneity (I2= 70%), 
which limited the reliability of the results. The heterogeneity 
is possibly owing to an Ilizarov frame, which may result in a 
reduced union time in External Fixation groups. 

Their analysis showed no significant difference in the incidence 
of arthrosis between both groups (p = 0.87). There was a 
significant reduction of incidence of malunion in ORIF groups 
(4.3%) versus External Fixation groups (12%). Non-union is 
multifactorial and caused by unfavourable biomechanical and 
vascular status. The incidence rate of non-union was compared 
by six studies and meta-analysis showed a significantly higher 
risk of non-union in External Fixation groups with an acceptable 
heterogeneity (p = 0.02).

The best surgical treatment of pilon fractures remains 
debatable. While external fixation is used by many to avoid 
major complications, it may be associated with high rates of 
delayed union, non-union, malunion, and osteoarthritis.

Therefore, ORIF is recommended when the skin condition is 
favourable, to obtain accurate anatomical joint reduction, rigid 
stabilization of the articular surface, and restoration of distal 
tibia alignment. Concerns of soft-tissue complications can be 
addressed by meticulous preoperative planning, whether with 
an early or staged ORIF.

The advantages of ORIF include adequate exposure, solid 
fixation, accurate reconstruction of the articular surface, 
and convenient post operative care, while the advantages of 
External fixation include minimally invasive treatment, less 
wound problems, allowing postoperative adjustments and 
comparatively easier removal.
Conclusion.

The study showed no statistical differences in functional 
outcome between both methods of fixation regarding the 
AOFAS score at 9 months. There was a difference in the time 
before regaining the ability to bear weight and union time. Both 
methods necessitate accurate preoperative planning and surgical 
experience to reduce the risk of complications and hence 
revision surgery. Clinical outcome may largely depend on the 
technique rather than on the choice of implant.
Limitations in the study.

Although the sample size was calculated just enough to achieve 
a power of 80 percent it would be preferable to increase the 
sample size over a prospective multicenter study that controls 
for other variables to decrease the risk of error even further.

The majority of patients in this study were relatively young 
with good bone and immunity, hence results are mainly 
representative of that group.

Finally short term follow up didn't enable us to detect cases 
that needed to remove the internal fixation due to irritating 
hardware in the long run.
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