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Functional Outcomes and Quality of Life Following  
Complex Tibial Fractures Treated with Circular External 
Fixation: A Comparison between Proximal, Midshaft, and 
Distal Tibial Fractures
Jaco J Naude1, Muhammad A Manjra2, Franz Birkholtz3, Annette-Christi Barnard4, Kevin Tetsworth5, Vaida Glatt6, Erik Hohmann7

Ab s t r Ac t
Aim and objective: The purpose of this study was to compare clinical results following complex proximal, midshaft, and distal tibial fractures 
and investigate whether there are differences in outcomes between these locations.
Materials and methods: Patients between 18 years and 65 years of age and minimum follow-up of 12 months with complex tibial fractures 
treated with a circular ring fixator were included. Functional outcomes were assessed using the Association for the Study and Application of 
Methods of Ilizarov (ASAMI) functional and bone scores, Foot Function Index (FFI), Four Step Square Test (FSST), and Timed Up and Go Test 
(TUG). Quality of life was assessed by the EQ-5D score.
Results: A total of 45 patients were included: proximal fractures, n = 11; midshaft fractures, n = 17; and distal fractures, n = 17. ASAMI functional 
(p = 0.8) and bone scores (p = 0.3) were not different. Excellent and good bone scores were achieved in >90% in all groups. FFI was 30.9 + 24.7 in 
the proximal group, 33.9 + 27.7 in the midshaft group, and 28.8 + 26.9 in the distal group (p = 0.8). TUG was 9.0 + 2.7 sec in the proximal group, 
9.0+3.5 in the midshaft group, and 8.5+2.0 in the distal group (p = 0.67). FSST was 10.7 + 2.5 sec in the proximal, 10.3 + 3.8 in the midshaft, 
and 8.9 + 1.8 in the distal fracture groups (p = 0.5). EQ-5D index value was highest in the distal (0.72), lowest in the proximal (0.55), and 0.70 in 
the midshaft fracture groups (p = 0.001). EQ-5D VAS was significantly different between the proximal (65) and midshaft (82.3) (p = 0.001) and 
between the distal (75) and proximal (65) fracture groups (p = 0.001).
Conclusions: The results of this study suggest that the functional outcomes between proximal, midshaft, and distal complex tibial fractures are 
comparable. Their ability to ambulate afterward is comparable to age-related normative data, but complex tasks are more difficult and better 
compared to the ambulating ability of a healthy population aged 65 to 80 years. Patients with proximal tibial fractures had significantly more 
disability by at least one functional level and/or one health dimension.
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In t r o d u c t I o n
High-energy complex tibial fractures are often difficult to 
manage, with correspondingly high complication rates typically 
reported.1–4 The relatively poor blood supply to the distal third 
fracture and the lack of muscle cover over the anterior medial 
aspect make the tibia more susceptible to open fractures, and 
associated bone loss with resulting non-union and deep infection 
is not uncommon.5

Current treatment options include intramedullary nailing, 
plate fixation, and external fixation.5,6 However, the complication 
rates for all of these treatment options are high, including late 
amputation (4%), wound infection (23%), osteomyelitis (9%), 
and non-unions (31%).7 Webb et al. reported similar figures for 
intramedullary nailing, with a non-union rate of 31 and 15% for 
deep infection. With the use of monolateral external fixation, a 
combined prevalence of 40% for both non-union and infection was 
observed.6 Dickson et al. reported that plate fixation resulted in 
comparable complication rates, with 17% non-union and 11% deep 
infection, while the incidence for both non-union and infection 
was lower at 11%.5 In contrast, circular external fixation of grade 
3 open tibial fractures had only a 2% rate of non-union and a 1% 
rate of deep infection, although complicated by a superficial pin 
site infection in 31% of cases.5 However, functional outcomes are 
limited with all techniques and approximately one-third of patients 
with healed complex tibial fractures had difficulties with walking or 
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pain.5 Interestingly, patients treated with circular fixation reportedly 
obtained superior outcomes.5

Circular external fixation using combinations of wires and half 
pins provides stable fixation of almost any fracture configuration.8 
These constructs provide high axial, bending, and rotational 
stiffness allowing patients to weight-bear immediately.9–11 The 
resulting axial micromotion provides a favorable environment for 
bone healing.9–11 Hexapod circular fixators are versatile variants of 
the Ilizarov circular fixator, spanning the fracture with six telescopic 
struts connecting two or more rings across the fracture site.12,13 They 
are often applied using multiple half pins rather than tensioned 
wires, subtly influencing the mechanical environment of the 
fracture site. Adjusting these struts with their six degrees of freedom 
allows fracture reduction, as well as correction of multiplanar 
deformities such as angulation, rotation and translation, and leg 
lengthening to a nearly unlimited degree.8,14 These corrections 
can be performed either acutely or gradually, with the assistance 
of available Web-based software programs.13

Attal et al. reported that the rate of delayed union at one year 
was 6% for proximal, 17% for midshaft, and 11% for distal third 
fractures.15 Functional outcomes were not reported, and there is 
no published literature reporting the functional and radiological 
outcomes for complex tibial fractures when treated with circular 
external fixation. The purpose of this study was therefore to 
compare functional outcomes and quality of life as measured by 
the EQ-5D of complex proximal, midshaft, and distal tibial fractures 
and investigate whether there are differences in outcomes between 
these locations.

MAt e r I A l s A n d Me t h o d s

Patient Identification and Data Collection
This study was performed on data obtained retrospectively from a 
consecutive series of high-energy tibial fractures. All patients who 
had complex tibial fractures treated with hexapod circular fixators 
between November 2010 and July 2015 were identified from the 
database of a single center specialized in orthopedic trauma and 
limb reconstruction. The study received prior approval from the 
Institutional Review Board and Human Research Ethics Committee, 
and all patients gave written informed consent to participate. 
Patients were included if they were aged between 18 years and 65 
years, sustained a complex comminuted open or closed tibial single-
level fracture with or without bone loss, were treated definitively 
using a circular hexapod external fixator, and had a minimum of 
one-year follow-up after fixator removal. Patients were classified 
by the OTA/AO classification and subdivided into proximal (AO41) 
(Fig.  1), midshaft (AO42) (Fig.  2), and distal (AO43) (Fig.  3) tibial 
fractures. Exclusion criteria included children, polytrauma patients 
or patients with added chest or abdominal trauma, neurological 
disorders and vertebral fractures, spinal cord injury, closed head 
injuries, ipsilateral fractures of the femur, ankle, or foot, and patients 
requiring acute lower limb amputation. Patients with segmental 
and intra-articular tibial fractures or extra-articular fractures with 
intra-articular extensions were also excluded.

Patient Management
Open fractures were classified according to the Gustilo-Anderson 
classification.16 All hexapod ring fixators were applied by two 
orthopedic trauma surgeons trained and specialized in limb 
reconstruction. A standard protocol was applied to all cases, 
which have been described previously.17 Briefly, it consists of eight 

sequential steps and follows the principles of staged management 
for complex tibial trauma: (1) Debridement, PMMA spacer following 
the Masquelet technique if required, and provisional stabilization 
with external fixation; (2) soft tissue coverage and wound closure; 
(3) definitive fracture fixation with a hexapod circular frame; (4) 
removal of the PMMA spacer and corticotomy if required; (5) latency 
period and gradual distraction into Masquelet membrane when 
required; (6) docking site modification; (7) functional rehabilitation; 
and (8) frame removal and long-term surveillance. In patients who 
sustained closed injuries without bone loss, the first two steps were 
generally omitted. The surgical technique consisted of the “rings 
first” method, placing the rings orthogonal to the proximal and 
distal bone segments, and acute adjustment of fracture alignment 
was achieved using the six adjustable struts. Web-based software 
was used to modify the position of the rings for those fractures that 
did not have an accurate initial reduction. Postoperatively, patients 
conducted their own pin site care, first daily and then weekly 
cleaning with alcohol and chlorhexidine. Early mobilization with 
weight-bearing as tolerated was encouraged and monitored by a 
dedicated physiotherapist. Psychological assistance was available 
as needed.

Outcome Measures
Patient demographics were recorded including age, gender, 
BMI, and comorbidities. Time to union (defined as time in frame), 
complications, mechanism of injury, and fracture type were also 
recorded. Periodic clinical assessment included wound healing, 
signs of sepsis or infection, and knee and ankle range of motion. 
Outcome measures included the ASAMI score, the Foot Function 
Index (FFI), and the EQ-5D. The ASAMI score assesses both bone 
and functional results.18 ASAMI functional results are based on 
five categories: pain; need for walking aids or braces; foot, ankle, 
or knee deformity or contracture; ankle and subtalar loss of range 
of motion; and the ability to return to normal activities of daily 
living (ADL) and work. Bone results are based on five categories, 
including union, infection, deformity, leg length discrepancy of less 
than 2.5 cm, and the cross-sectional area of union of the regenerate 
bone and docking site. The FFI is a self-administered questionnaire 
that evaluates the foot and ankle in three domains via 17 questions, 
including pain, disability, and activity restriction.19 The EuroQol 
Group developed a standardized measure, the EQ-5D, to provide 
a simple measure of general health and perceived quality of life.20 
The EQ-5D-5L index score has five categories (mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression) and five 
levels (no, slight, moderate, severe problems, and inability). The 
patient can also score their perceived general health on a score 
chart from 0 (“worst imaginable health”) to 100 (“best imaginable 
health”), comprising the EQ VAS score.

Functional tests included the FSST and TUG. The FSST measures 
the duration (in seconds) of a patient stepping and changing 
direction over a low object in a square, assessing dynamic standing 
balance and mobility.21,22 The Timed Up and Go (TUG) test measures 
(in seconds) the time to stand up from a chair, walk a short distance, 
turn around, and return to the chair. This is an objective test to assess 
function and balance and requires minimal equipment, training, 
and expenses.23

At the latest follow-up visit, long-leg weight-bearing 
radiographs were assessed for alignment using the Bone Ninja 
iPad mobile application (Apple Inc., Cupertino, CA, USA). Bone 
Ninja is an iPad application that has been verified and compared 
to PACS systems and found to be reliable in measuring limb length 
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re s u lts

Patient Demographics
From November 2010 to July 2015, a total of 45 patients met 
the inclusion criteria. There were 11 proximal, 17 midshaft, and 
17 distal tibial fractures. Table  1 summarizes the demographic 
details of all patients. The mean age of the study group was 
38.2  ±  11.5, and the mean follow-up was 32.4  +  13.2 months. 
Thirty-nine (87%) patients were male, with a total of 18 (40%) 
smokers. The demographics between the three groups were 
similarly distributed. Twenty-two patients (49%) were involved in 
a motorcycle injury indicating a high-risk group of patients, with 
a 71% incidence of open fractures. Seven patients who sustained 
random other mechanisms of injuries (falling downstairs, slipping 
or falling when jumping, a golf cart falling on leg, bicycle fall) all 
sustained distal tibial fractures.

Outcome Measures—Scores
The results of the ASAMI bone and functional scores are shown 
in Table 2. All three groups had between 91% and 100% excellent 
and good bone scores. The proximal fracture group had the 
lowest percentage of good and excellent ASAMI functional 

differences and angles for preoperative planning and deformity 
education.24 Deviations of 5 degrees in any plane were considered 
significant. Union was defined as bridging callus on at least three 
of the four tibial cortices.25 Once adequate bony healing was 
confirmed radiographically, the hexapod frame was removed, and 
the total time in the fixator was then defined as the time to union.

Statistical Analysis
Descriptive statistics were used to describe patient demographics. 
Categorical variables (ASAMI, EQ-5D-5L) were analyzed using 
the χ2 test, and continuous variables (FFI, functional tests, and 
radiographic outcomes) were analyzed with one-way ANOVA. 
An a priori sample size analysis was conducted based on the 
ASAMI scoring system using the following parameters: effect 
size 0.3, p = 0.05, ß error 0.2, power of 0.8, Df = 4. The sample 
size calculation was performed with a goodness-of-fit model 
and contingency tables. The sample size calculation based on 
these parameters indicated that a minimum of 44 patients were 
required to provide 80% statistical power. The critical χ2 values 
were calculated to 9.48. All analyses were conducted using 
STATA SE (Version 12.0; StataCorp, College Station, Texas, USA) 
for Windows.

Figs 1A to D: Proximal tibia fracture treated with ring fixation
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Figs 2A to E: Midshaft open tibia fracture treated with ring fixation

Figs 3A to D: Distal tibia fracture treated with ring fixation
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scores (73%), followed by 88% for the distal fracture group, 
and 94% for the midshaft fracture group. The χ2 test for the 
ASAMI functional score revealed that these differences were not 
significant (chi-square statistic 4.8731, p = 0.874) and were not 
significant for the ASAMI bone score (chi-square statistic 1.9205, 
p = 0.382). The FFI was similar in all three groups. In the proximal 
fracture group, the score was 30.9 + 24.7, in the midshaft fracture 
group 33.9  +  27.7, and in the distal fracture group 28.8  +  26.9  
(Table 3). One-way ANOVA revealed that these differences were 
not significant (p  =  0.874, F-Ratio  =  9.88). The EQ-5D index 
value was highest in the distal fracture group (0.72) and lowest 
in the proximal fracture group (0.55) (Table 3). One-way ANOVA 
revealed that the differences between the proximal and distal 
fracture groups were significant (p = 0.001, F-Ratio = 157.794). 
For the EQ-5D VAS, significant differences were observed 
between the proximal and midshaft fracture groups (p = 0.001, 
F-Ratio = 84.184) and the distal and proximal fracture groups 
(p = 0.001, F-Ratio = 42.934) (Table 3).

Table 1: Comparison between proximal, midshaft, and distal tibial fractures

Item
Proximal
(AO41)

Midshaft
(AO42)

Distal
(AO43) Total

Demographics
Patients 11 17 17 45
Age 34.6+10.5 (27–62) 38.4+12.6 (20–62) 34.6+10.1 (15–57) 38.2+11.5 (20–62)
Male 9 15 15 39 (87%)
BMI 30.1 (±5) 27.3 (±3) 28.3 (±5) 28.3 (±4)
Comorbidities 5 5 9 19 (42%)
Smoking 6 7 5 18 (40%)
Alcohol 5 5 8 18 (40%)

Mechanism of injury
Motorcycle accident 7 9 6 22 (49%)
Injury on duty 0 3 1 4 (9%)
Motor vehicle accident 2 2 1 5 (11%)
Pedestrian vehicle accident 1 2 0 3 (7%)
Fall from height 1 0 1 2 (4%)
Gunshot wounds/assault 0 1 1 2 (4%)
Others 0 0 7 7 (16%)

Fracture classification
Closed fractures 4 2 7 13 (29%)
Open grade 1 and grade 2 4 5 6 15 (33%)
Open grade 3 3 10 4 17 (38%)

Follow-up
Days
Range
99% CI
Weeks

925 ± 469
436–1680
930–1120
         132.1

1099 ± 430
458–1859
944–1192
        157

895 ± 289
404–1292
901–1076
         127.9

Table 2: ASAMI bone and functional results

ASAMI bone
Proximal
(AO41)

Midshaft
(AO42)

Distal
(AO43)

ASAMI  
functional

Proximal
(AO41)

Midshaft
(AO42)

Distal
(AO43)

Excellent 7 (64%)   7 (41%) 13 (76%) Excellent 5 (46%) 13 (76%) 13 (76%)
Good 3 (27%) 10 (49%)   4 (24%) Good 3 (27%)   3 (18%)   2 (12%)
Fair 0   0   0 Fair 0   1 (6%)   0
Poor 1 (9%)   0   0 Poor 3 (27%)   0   2 (12%)

Table 3: Foot function index and functional tests

Functional score
Proximal
(AO41)

Midshaft
(AO42)

Distal
(AO43)

Foot function index 30.9 (±24.7) 33.9 (±27.7) 28.8 (+26.9)
EQ-5D index value 0.55 (±0.2) 0.70 (±0.2) 0.72 (+0.2)
EQ-5D VAS*     65 (±20.3) 82.3 (±16.6)     75 (+22.7)
Time up and go    9.0 (±2.7)    9.0 (±3.5)    8.5 (±2.0)
Four step square test 10.7 (±2.5)  10.3(±3.8)    8.9 (±1.8)

*Visual analogue score

Outcome Measure—Functional Tests
The mean time for the TUG in the proximal fracture group was  
9.0 (±2.7) seconds, in the midshaft fracture group 9.0 (±3.5) seconds, 
and in the distal fracture group 8.5 (±2.0) seconds. ANOVA revealed 
that the differences between the proximal, midshaft, and distal 
fracture groups were not significant (p = 0.66, F-Ratio = 37.050). In 



Proximal versus Midshaft and Distal Tibial Fracture Outcomes

Strategies in Trauma and Limb Reconstruction, Volume 16 Issue 1 (January–April 2021) 37

fracture group, including 7 superficial infections (41%) and 1 deep 
infection (6%). One patient also had dorsal foot paraesthesia that 
did not resolve, and another patient required an Achilles’ tendon 
lengthening. The χ2 test revealed that these differences were not 
significant (chi-square statistic 4.4426, p = 0.108).

dI s c u s s I o n
The results of this study suggest that there are no relevant 
differences for the ASAMI functional and bone scores, FFI, functional 
walking tests, time to union, or complication rates, but the EQ-5D 
instrument indicated that the quality of life in patients with complex 
proximal tibial fractures was significantly inferior to the other 
two groups. Midshaft fractures had a higher degree of residual 
radiographic deformity.

The ASAMI bone scores had good and excellent outcomes of 91, 
90, 100%, and the ASAMI functional scores had good and excellent 
outcomes of 73, 94, and 88% for the proximal, midshaft, and distal 
fracture groups, respectively. The chi-square statistic for both 
scores was below the critical χ2 values of 9.48, demonstrating that 
the data did fit the model. The only patient with a poor outcome 
was observed in the proximal fracture group. Following a type 3B 
open fracture sustained in a motor vehicle accident, he required 
daily analgesia, constant knee bracing, could not kneel or run, and 
was unable to return to work. Several authors have reported similar 
results in cases such as this.5,8,26 These results are similar to those 
reported in other published studies. Henderson et al. reported 
87% good and excellent outcomes in the Iowa knee evaluation and 
77% excellent and good outcomes in the ankle evaluation rating in 
a heterogeneous group of 55 patients with tibial shaft fractures.8 
In a small case series, Dickson et al. demonstrated 76% good and 
excellent outcomes in patients with diaphyseal tibial fractures 
treated with circular hexapod external fixation.5 Giotakis et al. 
treated 20 patients with segmental tibial fractures and reported 
good and excellent outcomes in all patients demonstrating with 
mean Iowa knee and ankle evaluation rating scores of 89.5 and 84.8, 
respectively.27 In a larger study, Foster et al. treated 40 consecutive 
tibial shaft fractures with the Ilizarov fixator and achieved a mean 
OMAS of 75 across a heterogeneous cohort of open and closed 
fractures.28

The FFI is a valid and responsive clinical index that measures foot 
and ankle function, where high scores indicate pain and disability.19 
Castellani et al. treated distal tibial fractures and reported the FFI at 
a mean of 3.8 years following surgery ranged between 14 and 21.29 
In patients with calcaneal fractures, the mean FFI ranged between 
15 and 23 following surgical treatment,30 and in patients with 
rheumatoid arthritis, a mean FFI of 28 was observed.19 The mean 
FFI in patients with chronic foot and ankle disorders was 28 and 
correlated well with the SF36 scoring system.31 In this study, the FFI 
ranged from 29 to 34, with no significant differences between the 
three groups. These scores suggest that following complex tibial 
fractures patients still have substantial clinical symptoms, similar to 
patients treated for calcaneal fracture or individuals with chronic 
moderate foot and ankle disorders. The differences between ASAMI 
and FFI here are surprising, possibly reflecting the fact that the FFI 
includes a disability scale and investigates any activity limitations, 
in contrast to the ASAMI functional score, which has a focus on 
stiffness and pain. 

Interestingly, the functional walking tests did not suggest any 
objective limitations, and the times measured to complete the 
tasks were not different between the three groups. The TUG test 

the proximal fracture group, the time for the FSST was 10.7 (±2.5) 
seconds, in the midshaft group 10.3 (±3.8) seconds, and in the 
distal fracture group 8.9 (±1.8) seconds. ANOVA revealed that the 
differences between the proximal, midshaft, and distal fracture 
groups were not significant (p = 0.55, F-Ratio = 9.880).

Time to Union
In the proximal fracture group, the time to union was 189 ± 96 days, 
including one patient who underwent a 73 mm bone transport via 
distraction osteogenesis. Union was achieved in 91%, and the mean 
time of follow-up was 925 ± 469 days. The time to union in the 
midshaft fracture group was 256 ± 111 days, including five patients 
who underwent bone transport via distraction osteogenesis of 40, 
55, 74, 97, and 105 mm. Successful union was achieved in 100%, 
and the mean time of follow-up was 1099 ± 430 days. Union was 
achieved in 206 ± 89 days in the distal fracture group, including 
three patients who underwent distraction of 20, 29, and 66 mm. 
Union was achieved in 94%, and the mean time of follow-up was 
895 ± 289 days. The difference in the time to union between the 
proximal and midshaft fracture groups was significant (p = 0.0001, 
F-Ratio = 49.403). However, these results need to be interpreted with 
caution, as five patients in the midshaft fracture group compared to 
one patient in the proximal fracture group underwent distraction 
osteogenesis, resulting in longer times in frame. Unfortunately, 
subgroup analysis by removing these cases would result in a type II  
error, and this was not performed.

Radiographic Outcomes
In the proximal fracture group, 4 (36%) patients had an axis 
deviation of more than 5 degrees in either the coronal or sagittal 
plane (Table 4). However, the mean axis deviation was less than 
5 degrees and within accepted levels (coronal 3.6 ± 1.6°; sagittal 
3.5 ± 2.7°). Similarly, in the distal fracture group, 4 (23%) patients 
had an axis deviation of more than 5 degrees in either the coronal or 
sagittal plane, but the mean axis deviation was less than 5 degrees 
(coronal 3.0 ±  2.1°; sagittal 2.7 ±  3.4°). In the midshaft fracture 
group, the largest number of patients with axis deviation in either 
the coronal or sagittal plane was observed (n = 10, 59%); the mean 
angulation for the coronal plane was 5.3 ± 4.5 and 4.0 ± 2.6 for the 
sagittal plane (Table 4). Deformities greater than 10 degrees were 
not observed in any patient. 

Complications
In the proximal tibial fracture group, 7 patients had complications, 
consisting of 5 superficial pin site infections (45%) and 2 deep 
infections (18%). One of these patients also needed an Achilles’ 
tendon lengthening, and one patient needed an amputation for 
chronic pain after resolution of the infection and removal of frame.  
The midshaft fracture group had 7 patients with complications:  
6 patients had superficial pin site infection (35%), there were 
no deep infections, and 3 patients needed Achilles’ tendon 
lengthening. Eight patients had complications in the distal 

Table 4: Radiological results

Proximal
(AO41)

Midshaft
(AO42)

Distal
(AO43)

Patients with axis deviation
>5° and <10°

4 10 4

Coronal view deviation 3.6° (±1.6°) 5.3° (±4.5°) 3.0°(±2.1)
Sagittal view deviation 3.5° (±2.7°) 4.0° (±2.6°) 2.7°(±3.4)
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with a circular frame to the UK population norm and reported a 
difference of 3.1 with a score of 79.7 in the study group.5 However, 
the benefit of using QOL questionnaires in these complex injuries 
has been questioned as coping and readjustment strategies are 
not captured.41,42

It could be argued that both plate fixation and intramedullary 
nailing will provide similar results and avoid prolonged external 
fixation devices. Unfortunately, poor soft tissue environment, 
open fractures, bone loss and fracture comminution, plating and 
intramedullary nailing are associated with higher complication 
rates.4–7 The reported non-union rates for plate fixation are 17 
and 31% for intramedullary nailing compared to 2% for circular 
external fixation.5,6 Similar, deep infection rates are higher for 
plating (11%) and intramedullary nailing (15%), whereas circular 
external fixation has published deep infection rates of 1%.5,6 
Acceptably superficial infection rates are significantly higher for 
external fixation and range from 10 to 31%.4-6 However, these 
superficial infections can be easily treated and resolve with 
antibiotic treatment. The versatility of circular external fixation 
systems allowing to treat almost any fracture configuration, 
preservation of both endosteal and periosteal blood supply, 
and the construct stability allowing immediate weight-bearing 
suggest that these techniques are ideally placed to treat these 
complex injuries. 

lI M I tAt I o n s
This study has several inherent limitations. The retrospective 
data collection may have resulted in selection bias. The sample 
size was small, but similar to other studies reporting on limb 
salvage and treatment of fractures with hexapod circular external 
fixation. These are uncommon injuries, and unless multicenter 
studies are performed, pooling data, it would be difficult to reach 
significance. An a priori sample size calculation was performed, 
based on the ASAMI scores. None of these comparisons reached 
the critical χ2 value, indicating that the collected data did fit the 
model and were not underpowered for this comparison. However, 
it cannot be entirely excluded that the other comparisons lacked 
appropriate statistical power. For the FFI, TUG, and FSST tests, 
the differences were not significant, but the F-Ratio suggests 
variation between the three groups. The study was performed at 
a single center specialized in limb reconstruction and orthopedic 
trauma, and all cases were treated by experienced fellowship-
trained trauma surgeons, limiting the external validity of the 
study. The complex nature of this injury with both open and 
closed fractures, resulting in variability in fracture patterns, 
severity of soft tissue injuries, and bone loss, makes comparisons 
difficult and may introduce an amount of bias. The mean final 
follow-up in all three groups was similar and ranged from 30 to 
36 months, although it is acknowledged that these differences 
may have subtly influenced clinical outcomes. Henderson et al. 
and Dickson et al. both reported that treatment of complex tibial 
fractures with a circular frame produced good and excellent 
outcomes at a minimum of 12 months when patients were treated 
by a specialized limb reconstruction team.5,8 Most importantly, 
O’Toole et al. reported that the final outcome following severe 
lower extremity injuries is determined by two years.43 Considering 
all the clinical outcomes used here for study purposes which were 
obtained well beyond 24 months, it is unlikely that the minor 
differences in final follow-up times introduced any appreciable 
measurement bias. 

is a simple tool to assess mobility, including static and dynamic 
balance.32 Reference values are age dependent and range between 
8 seconds and 11 seconds in healthy individuals over 60 years of 
age.32 A recent study by Kear et al. has shown that the normative 
values by decade for the ages 20 to 59 years are very similar, 
ranging between 6 seconds and 12  seconds with mean values 
from 8.56 seconds in the 20s to 9.9 seconds in the 50s.33 The FSST 
incorporates fast stepping while rapidly changing direction in 
a specific sequence and provides a good measure of dynamic 
standing, balance, and mobility.34 The results for this test are also 
age dependent and range from under 6 seconds in active adults 
under 30 years, to 7.5 seconds in adults between 50 years and 65 
years, to 10 seconds or less in healthy adults aged 65–80 years.35 
The results of this study ranged from 8.8 to 9 seconds for the TUG 
and 8.9 to 10.7 seconds for the FSST. Following these complex and 
challenging injuries, patients can easily perform the simple activities 
of the TUG test as well as the normal population. However, more 
complex tasks such as the ability to step over objects forward, 
sideways, and backwards, thereby testing dynamic balance, are 
more difficult, and here, they instead perform at a level comparable 
to a healthy population aged 65–80 years.

The results for the EQ-5D quality of life ranged from 0.55 in 
the proximal tibial fracture group, to 0.70 in midshaft, and 0.72 
in distal tibial fractures. These differences between the proximal, 
midshaft, and distal fractures were significant, demonstrating 
that patients with a proximal fracture had a significantly lower 
quality of life. Similarly, the EQ-5D subscores for the VAS scale 
for the proximal tibial fracture group demonstrated significantly 
more pain when compared to both midshaft and distal tibial 
fractures. A potential explanation for these findings could be 
that proximal fractures may have an element of intra-articular 
chondral and meniscal injuries. In addition, the impact for 
proximal fractures is close to the tibial plateau and surely some 
of the forces dissipate through the tibial plateau resulting in 
further damage. Transitions between two health states and the 
smallest health transitions, which differ only by one functional 
level or one health dimension or attribute, were reported by Luo 
et al.36 They determined that the minimal meaningful difference 
for the EQ-5D was 0.04 for the US algorithm and 0.082 for the 
UK algorithm. In this study, the difference between proximal 
and midshaft respectively distal tibial fracture group was 
0.15 respectively 0.17. Despite near normal functional walking 
tests and no significant differences for the objective outcome 
scores, patients with proximal tibial fractures had significantly 
more disability than the other fracture locations by at least 
one functional level or one health dimension and/or attribute. 
This highlights the importance of adding patient-reported 
outcome scores into the study design, as objective pathology-
specific outcome scores may miss perceived lower function and 
disability in any group of patients. A multicenter study by the 
Canadian Orthopaedic Trauma Society in 2006 indicated that 
PROMs are more sensitive than other evaluations in this group 
of patients with substantial residual limb-specific and general 
health deficits.37

Similar data were examined by Elsoe et al. who reported that 
in patients with complex tibial fractures, the EQ-5D scores for all 
fractures treated were 0.71 and 76 for the VAS subscores.38 Ramos 
et al. reported the results for both proximal and distal tibial fractures 
and demonstrated EQ-5D values of 0.80 for both complex proximal 
and distal tibial fractures.39,40 Dickson et al. compared the EQ-5D 
VAS score in patients with grade 3 open tibial shaft fractures treated 
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co n c lu s I o n
The results of this study suggest that the functional outcomes 
between proximal, midshaft, and distal complex tibial fractures are 
similar. The ability to ambulate is comparable to age-related normative 
data, but complex tasks are more difficult and better compared to the 
ambulating ability of a healthy population aged 65–80 years. Patients 
with proximal tibial fractures had significantly more disability by at 
least one functional level and/or one health dimension.
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