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Abstract
Purpose  Reconstructive surgery for complex knee problems is limited and challenging. The aim of this study is to report 
the technique, outcomes and complications of circular external fixation for knee fusion in complex indications.
Methods  Retrospective review of a prospectively collected database of a complex limb reconstruction unit was done dur-
ing December 2022. Patients with complex knee problems who underwent knee fusion with circular external fixator were 
included.
Results  Fourteen patients met the inclusion criteria. The mean age of the patients was 63 ± 16.8 years. Deep infection was 
the indication for surgery in 11 patients (78.5%), of which 10 cases were related to previously failed revision arthroplasty. 
The mean duration of treatment in frame was 13 ± 4.1 months, while the mean follow-up duration following frame removal 
was 7.1 ± 4.2 years. Fusion was achieved in 13 patients (92.9%). The most common complication was pin site infection (6; 
42.9%), of which three (21.4%) required pin/wire revision. One (7.1%) patient had fracture at the fusion site following frame 
removal that was treated with reapplication of the frame.
Conclusion  Knee fusion using circular external fixation is a reliable surgical option for complex knee problems especially 
in infected failed revision total knee replacements.
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Introduction

Arthrodesis, or fusion of the knee, is a reliable primary 
or salvage option for several complex problems. The first 
described knee arthrodesis is attributed to Albert, in 1878, 
for a paralytic flail knee in a patient with poliomyelitis [1]. 
Later, Hibbs performed fusion for a tuberculous knee in 
1911 [2]. Key described the technique of knee arthrodesis 
using external fixation in 1932 [3], while Charnley reported 
his series of patients who underwent knee fusion using uni-
planar external fixators in 1960 [4].

There are now numerous internal and external fixation 
methods available to achieve knee fusion. The choice of 
surgical technique and implant depends on several factors, 

including the underlying diagnosis, the condition of the bone 
and soft tissues, the patient’s general medical status and 
history of ongoing or previous infection. To avoid serious 
complications, the advantages and limitations of the avail-
able options should be understood [5, 6]. For example, in a 
grossly infected knee, the application of a surface implant 
(i.e. dual plating) is not advised, unless two-stage surgery 
is planned to eradicate the infection [7, 8]. An intramedul-
lary nail offers the advantage of early weight bearing and 
fast rehabilitation; however, in the presence of pre-existing 
infection, there is a high risk of spread and further morbidity 
[6, 8, 9]. Intramedullary nailing also has limited value when 
there is significant malalignment or limb shortening.

In complicated cases, circular external fixators provide 
the advantages of gradual correction of length or alignment 
and superior mechanical stability [5, 10–12]. In addition, 
the risk of biofilm formation and persistence of infection is 
minimized as contact of the implant with the infected site 
is avoided.

In this study, we aim to report the technique, outcomes 
and complications of circular external fixation for knee 
fusion in complex indications.
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Materials and methods

Study setting

The study was undertaken at Hull University Teaching 
Hospitals, a level 1 major trauma centre hospital in the 
UK. The study protocol was reviewed and approved by 
our institutional governance board (protocol number: 
2022.178). Patients were identified from a prospective 
database. Inclusion criteria were all patients with com-
plex knee problems who underwent knee fusion with a 
circular external fixator, regardless of the surgical indica-
tion, between 2007 and 2020. Patients with a duration of 
follow-up of less than 24 months were excluded.

A retrospective chart review of eligible patients was per-
formed by the primary investigator (YM) during Decem-
ber 2022. Data collection included patient demographics, 
details/indications of the surgery, duration of frame use, 
additional procedures required, mechanical alignment, com-
plications and duration of follow-up. A successful outcome 
was defined as limb salvage with complete radiological joint 
fusion, the ability to bear weight and walk without pain, 
as well as clinical resolution of infection where relevant. 
Regarding alignment, coronal and sagittal mechanical align-
ment within 10° of neutral was considered acceptable.

The data was analysed using the IBM SPSS Statistics 
27.0 software (SPSS Inc., Chicago, Illinois, USA). Descrip-
tive analysis was carried out for all variables to measure fre-
quencies, percentages, means and standard deviation (SD).

Surgical technique

All surgeries were done in a single-stage manner. The pre-
vious incision, if present, was used to approach the knee 
joint; otherwise, midline incision with medial parapatellar 
arthrotomy was done. If present, the knee prosthesis or 
other metal implants were removed. If infection was sus-
pected, thorough debridement was performed, including 
excision of the sinus tract and reaming of the intramedul-
lary canal if indicated, and a minimum of five multiple 
deep tissue samples were obtained. To avoid the spread 
of infection, reaming was limited to a few centimetres 
beyond the stem of any previous prosthesis. Thorough 
washout was performed with re-debridement if required. 
After debridement, surgical tools are exchanged, and clean 
drapes applied. Patella excision was performed in cases 
with poor soft tissue status to facilitate wound closure.

The distal femur and proximal tibia surfaces were 
prepared with total knee arthroplasty cutting guides to 
achieve transverse cuts in the correct axis of the bone. 

If lengthening was intended, a distal corticotomy was 
performed with the multiple drill holes and osteotome 
technique.

Peri-operative antibiotic prophylaxis was given immedi-
ately prior to surgery, or immediately after debridement in 
infection cases. If indicated, local antibiotics were delivered 
into the bone and soft tissues using Stimulan (Biocomposites 
Ltd, Staffordshire, England). Earlier in the case series, the 
post-operative protocol for deep infection was for two weeks 
of intravenous antibiotics followed by four weeks of oral 
antibiotics. More recently, this protocol was changed to one 
week of intravenous and then five weeks of oral antibiotics. 
In non-infected cases, 24 h of post-operative prophylactic 
antibiotics was administered.

Post‑operative protocol

Post-operative pain was managed with a nerve block cath-
eter or intravenous patient-controlled analgesia for the first 
48–72 h. The first pin site dressing change was done during 
the second post-operative day, and the patients were advised 
to perform weekly pin site care after discharge.

All patients were allowed to bear full weight on their leg 
immediately after surgery. Physiotherapy sessions were pro-
vided once or twice weekly, as required, until frame removal. 
The patients then continue physiotherapy to optimize gait 
and function as needed following frame removal.

Results

We identified fifteen patients who underwent knee fusion 
using circular external fixation from our database. There 
was one exclusion due to insufficient follow-up. This patient 
had a successful fusion; however, died two months follow-
ing removal of frame due to complications of COVID-19 
infection.

Table 1 demonstrates the background characteristics of 
the patients. The mean age of the patients was 63 ± 16.8 
(range = 20–83) years. Eight (57.1%) patients were males, 
and eight (57.1%) knees were right sided. The most common 
comorbidities among the patients were diabetes mellitus 
type 2 (4; 28.6%) and hypertension (4; 28.6%). Deep infec-
tion was the indication for surgery in 11 patients (78.5%), 
of which 10 cases were related to previously failed revision 
arthroplasty. A case example of knee fusion for infected revi-
sion arthroplasty is shown in Fig. 1, while Fig. 2 demon-
strates knee fusion for a chronic knee dislocation.

The outcomes and complications are shown in Table 2. 
Twelve (85.7%) patients had a hexapod frame, while only 
two (14.3%) had an Ilizarov frame. The mean duration of 
treatment in frame was 13 ± 4.1 (range = 5–22) months, 
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while the mean follow-up duration following frame removal 
was 7.1 ± 4.2 (range = 2–15) years.

Additional procedures during the period in frame were 
common, to manage obstacles or complications (Table 2). 
Drilling and bone marrow aspirate concentrate injection for 
delayed union or nonunion of part of the fusion site (e.g. 
lateral quarter of the joint) was done for four (28.6%) cases. 
Only three (21.4%) cases of infected pin site required revi-
sion of the pins in addition to antibiotics treatment.

At the end of treatment, 11 (78.6%) patients had varus 
coronal mechanical alignment of the lower extremity, and 11 
(78.6%) patients had procurvatum/flexion sagittal mechani-
cal alignment of the lower extremity (Table 2). Out of the 
14 patients, 13 (92.9%) had coronal alignment within 10° 
from neutral, and 11 (78.6%) had sagittal alignment within 
10° from neutral.

All patients undergoing knee fusion are offered distal 
extension of the frame and tibial corticotomy to compen-
sate for the leg length discrepancy (LLD) secondary to the 
knee fusion. Six patients (42.9%) opted for this as a syn-
chronous operative intervention (Table 2). Out of the 14 
patients included in this series, residual LLD was noted in 13 

(92.9%) cases regardless of undergoing lengthening or not. 
The mean LLD was 26.2 ± 18.1 (range = 5–60) mm, which 
was managed with an insole or shoe lift, with or without 
walking aid.

Complications of knee fusion are also demonstrated 
in Table 2. The most common complications observed in 
this case series were pin site infection (6; 42.9%) and pin 
periprosthetic fracture of the femur (2; 14.3%) (Fig. 3). One 
(7.1%) patient had failed fusion; this was a fibrous pain-free 
nonunion with a dynamic flexion deformity resting at 35°, 
and the patient did not wish to have any further intervention 
to address this complication. In addition, one (7.1%) patient 
had fracture at the fusion site following frame removal 
(Fig. 4).

Discussion

In the current study of 14 patients with complex knee prob-
lems indicated for joint arthrodesis, favourable outcomes 
were attained in all patients using circular external fixation. 

Table 1   Background 
characteristics of the patients. 
(N = 14)

*SD standard deviation

Characteristics Result

Age (years)
 Mean ± SD* 63 ± 16.8
 Range 20–83

Sex (N; %)
 Female 6 (42.9)
 Male 8 (57.1)

Side (N; %)
 Right 8 (57.1)
 Left 6 (42.9)

Significant comorbidities (N; %)
 Arrhythmia 2 (14.3)
 Chronic obstructive pulmonary disease 1 (7.1)
 Deep vein thrombosis 1 (7.1)
 Diabetes mellitus type 2 4 (28.6)
 End stage renal disease 1 (7.1)
 Hypertension 4 (28.6)
 Hypothyroidism 1 (7.1)
 Ischaemic heart disease 3 (21.4)

Indication for fusion (N; %)
 Infected revision knee arthroplasty 7 (50.0)
 Infected revision knee arthroplasty with failed extensor mechanism 2 (14.3)
 Chronic knee dislocation 1 (7.1)
 Chronic septic arthritis + osteomyelitis of the patella & distal femur 1 (7.1)
 Failed previous internal knee fusion following infected arthroplasty 1 (7.1)
 Spontaneous distal femur osteonecrosis 1 (7.1)
 Tibial plateau malunion with 25° flexion contracture & ligament instability 1 (7.1)
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Fig. 1   X-rays of knee fusion 
done for infected left total knee 
arthroplasty after multiple failed 
revision surgeries. A Infected 
revision knee arthroplasty; 
B Post implant removal and 
application of antibiotic cement 
spacer before referral to our 
team; C Circular external fixa-
tion hexapod frame for fusion; 
D and E Anteroposterior and 
lateral knee X-rays obtained 
4 years following frame removal

Fig. 2   X-rays of knee fusion done for chronic right knee dislocation. 
A and B Anteroposterior and lateral knee views of the chronically 
dislocated knee; C, D and E Anteroposterior, lateral and full length 
lower extremity views 5  days after application of circular external 
fixation hexapod frame; F and G Anteroposterior and lateral knee 

views obtained 3 months following distraction to regain the soft tis-
sue length; H and I Anteroposterior and lateral knee views at the end 
of circular external fixation frame treatment; J and K Anteroposterior 
and lateral full length lower extremity views obtained 14 months fol-
lowing frame removal
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Regardless of the expected number of complications and 
additional procedures, desired outcomes were achievable 
with this surgery. Complications were manageable; however, 
some might have extended the period of frame treatment.

With the current advancement and success of knee arthro-
plasty, knee fusion is an infrequent primary or revision sur-
gery. Based on patient registries from Denmark, the cumu-
lative incidence of knee arthrodesis within 15 years after 
primary arthroplasty was 0.26% [13]. The same study dem-
onstrates that the five-year cumulative incidence has dropped 
significantly over time between the periods of 1997 to 2002 
and 2008 to 2013; from 0.32 to 0.09% [13]. Periprosthetic 
infection was the most common indication for arthrodesis 
following primary knee arthroplasty in the Danish data-
bases, compromising more than 90% of the cases [13]. In 
our series, failed infected arthroplasty was also the most 
common indication for fusion. This indicates that infection 
remains a significant problem in joint arthroplasty surgery, 
and highlights the importance of improvement in preventive 
measures to lower the rate of this complication.

The use of circular external fixation frames for knee 
fusion was reported in a few studies in the literature. When 
used as a salvage procedure following failed arthroplasty, 
circular external fixators have a very high success rate and 
can prevent above-knee amputation [12, 14–17]. Neverthe-
less, the complication rate with this surgery is relatively 
high [12, 14–17]. This could be due to the complex nature 
of the indications for surgery. Most of the complications 
reported were minor and did not affect the final outcome, 
such as pin/wire site infection or loosening; however, some 
major complications affecting the course and result of frame 
treatment were also reported, including pin periprosthetic 
femoral fracture and nonunion of the arthrodesis site [12, 
14–17]. These findings are similar to our observations. The 
high complication rate is likely due to the complex nature of 
the surgery, advanced age of the patients, poor bone quality 
and multiple previous surgeries with often compromised soft 
tissue. This highlights that the surgeon and patient should 
be aware of the possible complications and should be pre-
pared to manage them before undertaking knee fusion using 
circular external fixation. It is also critical to understand 
the potential need for additional procedures to optimize the 
treatment outcomes (e.g. leg lengthening).

Single-stage surgery for infected cases is standard prac-
tice in our unit. Single-stage surgery for chronic osteo-
myelitis has shown excellent results with the introduction 
of calcium sulphate based local antibiotics [18–20]. This 
approach requires detailed pre-operative planning and thor-
ough surgical debridement to ensure infection eradication. 
Our patients had the benefit of evaluation and management 
within a well-established bone infection multidisciplinary 
team that is composed of specialists in infectious diseases, 
musculoskeletal radiology, plastic surgery and orthopaedic 

Table 2   Outcomes and complications of circular external frame for 
knee fusion. (N = 14)

*LLD leg length discrepancy, SD standard deviation
^One patient had fibrous nonunion and ended up with a dynamic flex-
ion deformity resting at 35°

Outcomes and complications Results

Frame type (N; %)
 Ilizarov 2 (14.3)
 Hexapod 12 (85.7)

Duration of frame treatment (months)
 Mean ± SD* 13 ± 4.1
 Range 5–22

Follow-up duration (years)
 Mean ± SD* 7.1 ± 4.2
 Range 2–15

Additional procedures during frame treatment (N; %)
 Drilling and bone marrow aspirate concentrate 

injection for delayed union
4 (28.6)

 Wires/pins revision for pin site complications 3 (21.4)
 Proximal extension of frame for pin site fracture 2 (14.3)
 Common peroneal nerve decompression 1 (7.1)

Fusion alignment—Coronal (°)
 Varus (N; %) 11 (78.6)
  Mean ± SD* 3.5 ± 2.3
  Range 1–7.8

 Valgus (N; %) 1 (7.1)
  Value (1 patient only) 15
  Range NA

 Neutral (N; %) 2 (14.3)
Fusion alignment—Sagittal (°)
 Procurvatum^ (N; %) 11 (78.6)
  Mean ± SD* 8.7 ± 9.3
  Range 1.5–35

 Recurvatum (N; %) 1 (7.1)
  Value (1 patient only) 4
  Range NA

 Neutral (N; %) 2 (14.3)
LLD* (mm) (N; %) 13 (92.9)
 Mean ± SD* 26.2 ± 18.1
 Range 5–60

Patients desired limb lengthening (N; %)
 No 8 (57.1)
 Yes 6 (42.9)

Complications (N; %)
 Pin site infection 6 (42.9)
 Periprosthetic fracture 2 (14.3)
 Arthrodesis site fracture 1 (7.1)
 Nonunion (i.e. failed fusion)^ 1 (7.1)
 Osteomyelitis 1 (7.1)
 Pin breakage 1 (7.1)
 Proximal femur fracture post frame removal 1 (7.1)
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surgery. Additionally, the use of circular external fixation 
avoids bone surface contact of the fusion hardware, which 
reduces the risk of biofilm formation and facilitates eradica-
tion of infection.

In the current series, one of the patients had a chronic irre-
ducible knee dislocation with significant shortening and soft 
tissue contracture. Such cases are rarely reported in the litera-
ture since knee dislocation is an emergency condition that is 

Fig. 3   X-rays of pin site periprosthetic fracture in a knee fusion case. 
A Anteroposterior view of the proximal femur showing fracture at 
the proximal halfpin site that occurred 6  months post-operatively 
and was managed by pin removal and proximal extension of the cir-
cular external fixation frame; B Anteroposterior view of the proxi-

mal femur obtained 3 weeks after frame removal showing healing of 
the previous fracture site and new subtrochanteric pin site fracture; 
C Anteroposterior view of the proximal femur obtained 5 years after 
treatment of the complications with pin site debridement and open 
reduction and internal fixation

Fig. 4   X-rays of knee fusion site 
fracture. A and B Anteropos-
terior and lateral knee views 
showing fracture at the arthro-
desis site 3 weeks post removal 
of the circular external fixation 
frame; C and D Anteroposterior 
and lateral knee views obtained 
1 week following frame reappli-
cation; E and F Anteroposterior 
and lateral knee views obtained 
3 years following treatment of 
the fracture and frame removal
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managed promptly [21–25]. Since no consensus is available 
regarding the treatment of such a deformity, the management 
of these cases is challenging. The treatment plan should be 
based on the severity of the injury, soft tissue status and patient 
demands and expectations. In a patient with severe shorten-
ing and soft tissue contracture, it is not feasible to perform 
open reduction and ligament reconstruction or arthroplasty. 
Therefore, gradual soft tissue lengthening and joint reduction 
followed by joint fusion using circular external fixation frame 
may be the only option. Ferreira and Marais have described 
the use of a hexapod circular frame to successfully manage a 
chronically dislocated knee; however, their case had better soft 
tissue status leading to shorter period of frame treatment [25].

This study has limitations due to the retrospective nature, 
with an inherent risk of bias. In retrospective studies, the 
documented information in the patients’ charts is limited. 
For example, functional outcomes were not detailed in our 
study because the clinical encounter did not include a vali-
dated assessment of functional parameters (e.g. pain scores, 
limitation of motion, quality of life). Furthermore, the number 
of cases is small, which limits comparison of outcomes with 
different patient groups or different circular fixation devices. 
Also, the study was done at a single institution which may 
limits application of the results across to patient populations. 
Finally, there was no control group to compare outcomes of 
different surgical options.

In conclusion, knee fusion using circular external fixation is 
a reliable surgical option for complex knee problems especially 
in infected failed revision total knee replacements.
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