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Abstract
Background: Open and closed fractures can be associated with posttraumatic or postoperative soft tissue defects
caused by initial trauma, operative procedures, or infections. This study evaluated the postoperative outcomes in
patients with open or closed lower leg fractures, related soft tissue defects, and subsequent flap coverage.
Methods: We performed a retrospective single-center cohort study in a level 1 trauma center. We analyzed the
patients treated from January 2012 through December 2017 and recorded demographics, treatment, and outcome
data. The outcome data were measured via patient-reported Foot and Ankle Outcomes Scores (FAOS) and EQ-5D5L scores.
Results: We included 22 patients with complicated fractures (11 open and 11 closed) and subsequent soft tissue
defects and flap coverages. The mean follow-up time was 41.2 months. Twenty-one patients developed infections,
and necrosis at the site of surgery manifested in all closed fractures. Therefore, all patients needed soft tissue
reconstructions. Preoperatively, 16 patients underwent arterial examinations via angiography and six underwent
ultrasound examinations of the venous system. Ten patients had complications involving the flaps due to ischemia
and consequent necrosis. The mean EQ-5D index was 0.62 ± 0.27, and EQ-5D VAS score was 57.7 ± 20.2. The mean
FAOS was 60.7 ± 22.2; in particular, quality of life was 32.3 ± 28.8. The rate of returning to work in our patient
group was 37.5% after 1 year.
Conclusions: Distal tibial fractures often require revisions and soft tissue reconstruction. The evaluated patient
population had poor outcomes in terms of function, quality of life, and return to work. Furthermore, patients
suffering from flap ischemia have worse outcomes than those without flap ischemia.
Keywords: EQ-5D-5L, Flap coverage, Foot and ankle outcome score, Infection, Lower leg fracture

Background
Complex distal lower extremity fractures are frequently
associated with soft tissue injuries that require challenging and substantial reconstructions [1]. Therefore, it is
of high importance for physicians to identify the right
course of treatment. Among available options, bone and
soft tissue reconstruction and limb rescue both require
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long-term treatment and have more potential comorbidities than primary amputation [2]. Complicated fractures
can be limb-threatening if the arterial flow is reduced
because of swelling, trauma, or compression. Arterial
injuries have resulted in significant complications for
patients with lower extremity fractures requiring flap
coverage; however, limb salvage is still effective in
most cases [3].
Before performing definitive reconstruction, surgeons
must examine and determine the extent of injury and
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the perfusion status of the affected limb. In open
fractures, prompt coverage after bone stabilization
reduces the complication rate of open fractures [4–6].
In a case series regarding classification schema, Gustilo et al. described patients with ischemic limbs requiring emergency revascularization (type IIIC) as
having the worst prognosis of all patients requiring
limb salvage [6]. Traumatic ankle injuries are known
to impact patient-reported function and quality of life
[7, 8]. However, little is known about patient-reported
outcomes in people with severe injuries that require
revisions and soft tissue reconstruction.
This study investigated the outcomes of qualities of
reconstruction with lower leg fractures of patients
who required free-flap coverage in order to determine
the relationship between the postoperative outcomes
and qualities such as mobility, pain, recovery, sports,
and the quality of life.

Methods
Study aim, setting, and design

We performed a retrospective monocentric study at a
level 1 trauma center with the aim of evaluating postoperative outcomes in patients who required soft tissue
reconstruction for lower leg fractures. Patient-reported
outcomes, including quality of life (QoL) and the ability
to return to work, were assessed via questionnaires.
Follow-up scores were evaluated in the outpatient clinic,
via telephone interview, or via declarations and forms
mailed to and completed by patients. A minimum
follow-up of 12 months was set as standard. This allows
a more differentiated analysis of the outcome.
Participants and materials

We identified 22 patients who were treated surgically
for lower leg fractures and underwent soft tissue
reconstruction via plastic surgery from January 2012
through December 2017 by querying the hospital database and using the International Classification of
Disease (ICD) code for both fractures and flap procedures
(e.g. S82.5 + 5–905.0f). To avoid including patients with
improper codes and those who did not fulfill our inclusion
criteria, all patient charts were screened manually. All variables that were to be recorded were specified in advance in
a pre-prepared spreadsheet. Inclusion criteria were patients
older than 18 years of age who had sustained a traumatic
open/closed lower leg fracture, localized as code 43 or
44 according to the AO/OTA classification (Arbeitsgemeinschaft für Osteosynthesefragen Foundation/Orthopaedic
Trauma Association classification), primarily treated with
bone stabilization and secondarily with one or more flaps
for tissue reconstruction. Every patient has the same opportunity to receive physical therapies as recommended by the
surgeon. Every patient was given the same recommendation

Page 2 of 6

and prescription for physical therapies of equal intensity and
frequency.
Descriptive and outcome measures

Standard parameters that we collected were age, sex,
and body mass index (BMI). Comorbidities were also
recorded and categorized into four groups according to
the number of comorbidities as follows: no comorbidity,
1–3 comorbidities, 4–5 comorbidities, and ≥ 6 comorbidities. Comorbidities were defined as diabetes mellitus,
arterial hypertension, coronary heart disease, heart failure,
asthma, COPD, emphysema, any type of tumor disease, a
second tumor as an independent comorbidity, apoplexy
with residuals in the history, neurological pre-existing
conditions such as multiple sclerosis, rheumatic diseases,
organ transplantation, congenital immune defects, HIV,
cirrhosis of the liver, and kidney failure requiring dialysis.
Diabetes mellitus, nicotine abuse, and alcohol/drug abuse
were listed separately as nominal scale variables. Accompanying injuries to the affected ankle joints were classified
as closed or open fractures (open fractures with soft tissue
damage were assigned a score > 1, as indicated by Gustilo
and Anderson) [5]. Fracture morphology was classified
according to the AO/OTA criteria [9]. Complications
of osteosynthesis and flap coverage were reported.
The results of preoperative vascular diagnostic tests,
consisting of Duplex ultrasound of the venous system
and interventional angiography of the arteries, were
categorized as binary variables.
Postoperative outcomes were measured using two
different patient-reported outcome scores: The FAOS
and its corresponding subscores is a 42-item questionnaire – including symptoms, pain, function in daily
living / activities of daily living (ADL), function in
sports and recreational activities (sport/rec), and QoL.
The EQ-5D-5L score is a well-validated generic healthrelated QoL instrument [10–13]. The EQ-5D-5L is a
Patient Reported Outcome (PRO) Score that uses 6
questions to assess the quality of life of patients in general, regardless of their disease. It also includes a visual
analogue scale (VAS, 0–100 points) and a descriptive
EQ-5D-5L system that considers the following dimensions
(mobility, self-care, general activities, pain / physical complaints, fear / dejection).
Regarding the FAOS score (maximum, 100), a lower
score represented more symptoms or pain, greater difficulty
performing ADL and sport/rec, and poorer QoL. This
rating is also valid for the EQ-5D VAS (maximum, 100).
Statistical analysis

Findings are reported by the mean value for continuous
data (standard deviation between parentheses) and number for categorical data (percentage between parentheses).
T-tests for continuous variables was performed between
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the subgroup flap ischemia yes vs. no.. All tests were twosided, and statistical significance was set at p < 0.05.
Analyses were performed using IBM SPSS Statistics
version 24 software.
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Table 2 Classification of fractures
Classification AO/OTA

N1

%

44 A1

3

13.6

44 A2

2

9.1

44 A3

1

4.5

Results

44 B1

3

13.6

Participants

44 B3

5

22.7

44 C2

1

4.5

43 A3

3

13.6

43 C3

3

13.6

43 C1

1

4.5

Y

11

50

N

11

50

1

0

0

2

3

13.6

3a

2

9.1

3b

6

27.3

ALT

15

68.3

Latissimus dorsi

5

22.7

TDAP

1

4.5

Soleus

1

4.5

We identified 22 patients according to our inclusion
criteria with a follow-up of 41.3 month (range 22–84
month). Eighteen patients returned the questionnaires.
Of the four non-responders, one patient had died, one
was not able to respond because of a mental disorder,
and two were not interested in responding. All data
concerning descriptive information on the patient
sample are shown in Table 1. Moreover, results concerning occupational outcomes of surgery are the following.
Before their trauma, 11.1% of patients were pensioners,
22.2% were unemployed, and 67.5% were employed. Of
those who were employed, 37.5% returned to work. After
returning to work, 50% of the patients had persistent
symptoms and 50% reported limitations at work due to
their injuries.
Fracture types and complications.

Fractures were classified according to the AO/OTA classification and to the criteria by Gustilo and Anderson
[5]. Fracture classification and primarily used flaps are
shown in Table 2.
Table 1 Descriptive data of the study cohort
Continuous variables
Mean

SD

Range

Age (years)

58.0

15.9

17–81

BMI (kg/m2)

27.6

6.5

19.1–42.5

Categorical variables

Sex

Smoking

Substance Abuse

Diabetes Mellitus

Comorbidities

N1

%

m

14

63.6

f

8

36.4

Y

12

54.5

N

10

45.5

Y

8

36.4

N

14

63.6

Y

5

22.7

N

17

77.3

None

7

31.8

1–3

10

45.5

4–5

4

18.2

>6

1

4.5
1

Abbreviations: BMI body mass index, f female, m male, N number, N no, SD
standard deviation, Y yes

Open fracture

G&A Classification

Flaps

Abbreviations: AO/OTA Arbeitsgemeinschaft für Osteosynthesefragen, ALT
anterolateral thigh flap, G&A Gustilo and Anderson, N1 number, TDAP
thoracodorsal artery perforator, N no, Y yes

All closed fractures developed necrosis and surgical
site infection (SSI) and required subsequent revisions
and debridement, resulting in larger soft tissue defects.
In 15 of 17 instances of SSI, bacterial contamination was
detected (Table 3).
Preoperatively, interventional arteriography was
performed in 16 patients and Duplex ultrasound of the
venous system was performed in six of those 16 patients
without findings of thrombosis. In seven patients,
adequate circulation in all three arteries of the lower leg
was found. In five patients, arterial stenosis was treated
by balloon dilation. A venous bypass graft was applied in
one patient. In three patients, treatment with angiography and recanalization via stenting of the occlusion
was performed after loss of the first flap. Complications
occurred in 12 flaps; in 10 of those cases, the flap was
lost due to perfusion problems and necrosis. As a result,
revision flap coverage was required. The mean number
of revision surgeries was 7.63 ± 4.98 (range 2–22). None
of our patients reported problems at the donor sites
after soft tissue grafts such as wound healing disorders,
pain, or mobility limitations.
Patient-reported outcomes

The results of FAOS and EQ-5D are given in Table 4.
Most patient complaints were revealed in the “quality of
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Table 3 Complications and infections
Complication

N

Osteosynthesis

Flap ischemia

SSI

Early SSI

Late SSI

Bacterium

1

%

Y

17

77.3

N

5

22.7

Y

13

59.1

N

9

40.9

Y

22

100

N

0

0

Y

12

54.5

N

10

45.5

Y

10

45.5

N

12

54.5

Staph. aureus

4

18.2

Staph. epidermidis

3

13.6

Staph. capitis

1

4.5

Strep. pyogenes

1

4.5

E . coli

1

4.5

E2. faecalis

1

4.5

E . cloacae

3

13.6

Bacillus cereus

1

4.5

no bacterial detection

7

31.8

1

3

Abbreviation: E1 Escherichia, E2 Enterococcus, E3 Enterobacter, N1 number, N
no, SSI surgical site infection, Staph Staphylococcus, Strep Streptococcus, Y yes

life” subscore (mean score 32.3) (p > 0.05). The “symptoms” subscore mean was moderate at 60.1 (p > 0.05),
and patients were bothered the least by pain with a
mean score of 73.6 (p > 0.05).
Two patients with amputations were included in the
follow-up. One of those two patients underwent bilateral
amputation after 22 revision surgeries; he reported an
EQ-5D VAS of 50 and an EQ-5D index of 0.26. The
other patient experienced bilateral trauma and underwent direct amputation on one side and seven surgeries

Table 4 Outcomes: FAOS, FAOS subscores, and EQ-5D VAS
scores
FAOS

Mean

SD

Minimum

Maximum

60.7

22.2

27.00

100

Symptoms

60.1

27.5

21.43

100

Pain

73.6

23.0

30.56

100

ADL

66.9

19.7

38.24

100

Sport/Rec

40.4

39.1

0.0

100

QoL

32.3

28.8

0.0

100

EQ-5D VAS

57.7

20.2

30.00

100

EQ-5D index

0.6215

0.279

0.13

1

Abbreviations: ADL activities of daily living, FAOS Foot and Ankle Outcome
Score, QoL quality of life, SD standard deviation, Sport/Rec function in sports
and recreational activities, VAS visual analog scale

on the other side; he reported an EQ-5D VAS of 80 and
an EQ-5D index of 0.91.
Furthermore, we analyzed the outcome of the 10
patients with flap ischemia in comparison with the other
patients. In our follow-up examinations we determined
that patients with flap ischemia had poorer outcomes
than patients without ischemic complications. Detailed
FAOS subscores and EQ-5D VAS related to ischemic
and non-ischemic groups are shown in Table 5. Patients
with ischemia were found to be lower in all subscores
compared to patients without ischemia. The lowest
subscore was QoL (mean 21.88) (p > 0.05).

Discussion
This study showed the course of treatment in a highly
selective patient cohort with lower leg fractures treated
with reconstruction and flap coverage. Furthermore, we
aimed to detect postoperative complications and outcomes. For all 22 patients, complications such as SSI,
necrosis, implant failure, the presence of an open fracture
or other factors led to subsequent flap coverage. The bacterial spectrum described in this study was almost identical to that reported in national surveillance data [14].
The results of FAOS and EQ-5D index and VAS instruments revealed poor function and QoL in patients who
experienced lower leg fractures requiring flap coverage.
Furthermore, patients with flap ischemia showed the
poorest outcomes in our cohort, as measured by FAOS,
FAOS subscores, EQ-5D index, and VAS.
Van Bergen et al. stated that the minimal detectable
changes for each FAOS subscore were 17.1–20.8 at the
individual level and 2.0–2.4 at the group level in the
validation of the German version of the FAOS [9]. In a
recent review, the FAOS was shown to be a reliable tool
for the re-evaluation of ankle injuries and the assessment
of recovery [15]. Considering these data, it is possible to
compare our FAOS scores with results from other studies. Duckworth et al. reported a mean FAOS score of 76
(mean follow-up 6 years) in complex tibial pilon fractures, compared with the score of 60.7 in our study
(mean follow-up 41 months) [7]. Unfortunately, no subscores were reported in the tibial pilon fracture study.
Kent et al. evaluated unstable syndesmotic injuries with
different treatment options [8]. Among three subgroups,
the group with the worst outcome had the following results in the subscores: pain (89), symptoms (75), ADL
(97), sport/rec (75), and QoL (44) [15]. In a study of
1670 patients with different ankle pathologies, despite
comparable data, Golightly et al. found a significantly
better QoL (83 points) [16]. In comparison to these
studies, our patients had a particularly poor outcome.
Two previous studies with different types of ankle
fractures found that the EQ-5D VAS score and EQ-5D
index were significantly higher than those we observed
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Table 5 Ischemia of flaps
yes

p

no

Mean

Minimum

Maximum

SD

Mean

Minimum

Maximum

SD

Follow-up time in months

43.50

26.00

80.00

18.27

39.42

22.00

84.00

17.39

Pain

69.45

30.56

94.44

26.47

77.78

47.22

100.00

20.64

0.6

Symptoms

46.43

25.00

71.43

19.56

73.81

21.43

100.00

28.72

0.08

ADL

61.52

38.24

94.12

19.50

72.31

38.24

100.00

20.04

0.4

Sport/Rec

29.17

5.00

85.00

34.56

51.67

0.00

105.00

43.09

0.3

QoL

21.88

0.00

56.25

20.44

42.71

6.25

100.00

33.87

0.2

FAOS

53.00

27.00

81.00

20.09

68.33

31.00

100.00

23.32

0.3

EQ-5D VAS

59.17

35.00

100.00

25.38

56.43

30.00

80.00

16.51

0.8

Abbreviations: ADL activities of daily living, FAOS Foot and Ankle Outcome Score, QoL quality of life, SD standard deviation, Sport/Rec function in sports and
recreational activities, VAS visual analog scale

in our current study with a mean EQ-5D VAS of 57.6
(30–100) and a mean EQ-5D index of 0.621 (− 0.205–
1.000) [17, 18]. In our study, patients who required
many revision surgeries were hospitalized for prolonged
periods because of limb salvage with subsequent limited
mobility. This may explain the poor QoL subscores. In a
randomized study by Andersen et al. involving 97 patients with ankle injuries and follow-up at 2 years, much
better EQ-5D VAS scores were reported, with a mean of
90 (75–95); however, none of the cases had any large
soft tissue defects which required flap coverage [17]. In
our study, each patient needed at least one flap coverage
procedure because of large soft tissue defects. This may
explain why the scores of our cohort were lower than
the scores of the cohort of Andersen et al. [17]. Our
study showed that severe injuries and complications requiring multiple revisions and flap coverage procedures
had a negative impact on factors such as the quality of
life.
The Lower Extremity Assessment Project (LEAP) study
examined patients up to 7 years postoperatively and indicated poor physical and psychosocial results after lower
limb trauma regardless of the initial treatment options
(amputation or reconstruction). Both patient groups were
severely disabled compared to the overall population [1].
Return to work was possible for 37.5% of our patients at
the mean follow-up period of 41.2 months (22 to 84);
however, according to the LEAP study, the return to work
rate was 58% at 7-year follow-up [19]. Therefore, it may
be expected that the return to work rate would increase in
our patient group after 7 years. A meta-analysis revealed
that limb reconstruction was at least as effective as amputation in terms of physical criteria such as the ability to
perform ADL and recovery time required before returning
to work [20].
Despite having undergone similar surgeries for comparable complications and conditions, the scores of the
two amputees in our study showed great discrepancies
relative to the other participants. These results may

reflect the subjective perception of postoperative daily
routines and patient status. These two patients were not
able to go back to their professional life. EQ-5D VAS
scores of these two patients were reported as 50 vs 80.
By focusing on a specific cohort, our study highlighted
the peculiarities that differentiate these patients from
those that undergo surgeries with lower rates of complications. However, focusing on a restricted sample was
also a source of limitation for our work, as more detailed
subgroup analyses could not be carried out. A second
limitation was that this was a retrospective single-center
design. Furthermore, no function-related examination
such as strength measurement or similar was performed.

Conclusion
This study primarily aimed to evaluate postoperative
outcomes in patients who required soft tissue reconstruction for lower leg fractures. Our results showed that
worse QoL, ADL, and other factors were observed in
patients undergoing several surgical revisions due to
postoperative complications. Furthermore, patients suffering from flap ischemia were shown to have worse outcomes
than other patients. In addition, we showed that lower leg
fractures with subsequent flap coverage as a result of complex injury and/or postoperative complications may require
several surgical revisions.
Abbreviations
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VAS: Visual analog scale

Acknowledgments
We would like to thank Editage (www.editage.com) for English language
editing.

Aydogan et al. BMC Musculoskeletal Disorders

(2020) 21:799

Authors’ contributions
EA and RH were responsible for data control, study supervision, and writing
of the manuscript. EA and RH performed data acquisition and data control
and obtained the approval of the responsible ethics committee. RH, JF, CJ,
and SL performed formal analysis, validation, and visualization of the study
data as well as further review and revision of the manuscript. EA and RH
were responsible for project coordination. In addition, all authors reviewed
the final manuscript. The author(s) read and approved the final manuscript.
Funding
None. Open Access funding enabled and organized by Projekt DEAL.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
The study was approved by the ethical committee of the University of
Leipzig (229/19-ek). We obtained written patient consent for publication of
data and chart reviews.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no conflict of interest.
Received: 30 April 2020 Accepted: 24 November 2020

References
1. MacKenzie EJ, Bosse MJ. Factors influencing outcome following limbthreatening lower limb trauma: lessons learned from the lower extremity
assessment project (LEAP). J Am Acad Orthop Surg. 2006;14:S205–10.
https://doi.org/10.5435/00124635-200600001-00044.
2. Friedrich JB, Katolik LI, Hanel DP. Reconstruction of soft-tissue injury
associated with lower extremity fracture. J Am Acad Orthop Surg. 2011;19:
81–90. https://doi.org/10.5435/00124635-201102000-00003.
3. Badash I, Burtt KE, Leland HA, Gould DJ, Rounds AD, Azadgoli B, et al.
Outcomes of soft tissue reconstruction for traumatic lower extremity
fractures with compromised vascularity. Am Surg. 2017;83:1161–5.
4. Ryan SP, Pugliano V. Controversies in initial management of open fractures.
Scand J Surg. 2014;103:132–7. https://doi.org/10.1177/1457496913519773.
5. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one
thousand and twenty-five open fractures of long bones: retrospective and
prospective analyses. J Bone Joint Surg Am. 1976;58:453–8.
6. Gustilo RB, Mendoza RM, Williams DN. Problems in the management of
type III (severe) open fractures: a new classification of type III open
fractures. J Trauma. 1984;24:742–6. https://doi.org/10.1097/00005373198408000-00009.
7. Duckworth AD, Jefferies JG, Clement ND, White TO. Type C tibial pilon
fractures: short- and long-term outcome following operative
intervention. Bone Joint J. 2016;98-B:1106–11. https://doi.org/10.1302/
0301-620x.98b8.36400.
8. Kent S, Yeo G, Marsland D, Randell M, Forster B, Lutz M, Okano S. Delayed
stabilisation of dynamically unstable syndesmotic injuries results in worse
functional outcomes. Knee Surg Sports Traumatol Arthrosc. 2020. https://
doi.org/10.1007/s00167-020-05962-1.
9. Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and
dislocation classification Compendium-2018. J Orthop Trauma. 2018;
32(Suppl 1):S1–S170. https://doi.org/10.1097/BOT.0000000000001063.
10. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol
group. Ann Med. 2001;33:337–43. https://doi.org/10.3109/
07853890109002087.
11. Herdman M, Gudex C, Lloyd A, Janssen MF, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res. 2011;10:1727–36.
12. EuroQol Group. EuroQol--a new facility for the measurement of healthrelated quality of life. Health Policy. 1990;16:199–208. https://doi.org/10.
1016/0168-8510(90)90421-9.

Page 6 of 6

13. van Bergen CJA, Sierevelt IN, Hoogervorst P, Waizy H, van Dijk CN, Becher C.
Translation and validation of the German version of the foot and ankle
outcome score. Arch Orthop Trauma Surg. 2014;134:897–901. https://doi.
org/10.1007/s00402-014-1994-8.
14. KISS. Krankenhaus-Infektions-surveillance-system. Modul OP KISS. 2017;
https://www.nrz-hygiene.de/fileadmin/nrz/module/op/201701_201812_
OPRef.pdf. Accessed 1 Apr 2020.
15. Sierevelt IN, Zwiers R, Schats W, Haverkamp D, Terwee CB, Nolte PA,
Kerkhoffs GMMJ. Measurement properties of the most commonly used
foot- and ankle-specific questionnaires: the FFI, FAOS and FAAM. A
systematic review. Knee Surg Sports Traumatol Arthrosc. 2018;26:2059–73.
https://doi.org/10.1007/s00167-017-4748-7.
16. Golightly YM, DeVellis RF, Nelson AE, Hannan MT, Lohmander LS, Renner JB,
Jordan JM. Psychometric properties of the Foot and Ankle Outcome Score
in a community-based study of adults with and without osteoarthritis.
Arthritis Care Res. 2014;66:395–403. https://doi.org/10.1002/acr.22162.
17. Andersen MR, Frihagen F, Hellund JC, Madsen JE, Figved W. Randomized
trial comparing suture button with single syndesmotic screw for
syndesmosis injury. J Bone Joint Surg Am. 2018;100:2–12. https://doi.org/10.
2106/JBJS.16.01011.
18. Sanders D, Schneider P, Taylor M, Tieszer C, Lawendy A-R. Improved
reduction of the tibiofibular syndesmosis with TightRope compared with
screw fixation. J Orthop Trauma. 2019;33:531–7. https://doi.org/10.1097/BOT.
0000000000001559.
19. MacKenzie EJ, Bosse MJ, Pollak AN, Webb LX, Swiontkowski MF, Kellam JF,
et al. Long-term persistence of disability following severe lower-limb
trauma. Results of a seven-year follow-up. J Bone Joint Surg Am. 2005;87:
1801–9. https://doi.org/10.2106/JBJS.E.00032.
20. Akula M, Gella S, Shaw CJ, McShane P, Mohsen AM. A meta-analysis of
amputation versus limb salvage in mangled lower limb injuries--the patient
perspective. Injury. 2011;42:1194–7. https://doi.org/10.1016/j.injury.2010.05.003.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

