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Appendices 1 

Appendix I: Forest plots 2 

I.1 Open fractures  3 

I.1.1 Limb salvage 4 

Secondary upper limb amputation in adults  5 

Figure 1: MESS in detecting the need for secondary upper limb amputation in adults 

 

 6 

Figure 2: MESI in detecting need for secondary upper limb amputation in adults 

 

Secondary lower limb amputation in adults 7 

Figure 3: MESS in detecting the need for secondary lower limb amputation in adults 
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Figure 4: MESI in detecting the need for secondary lower limb amputation in adults 
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Figure 5: PSI in detecting need for secondary lower limb amputation in adults 

 

 1 

Figure 6: LSI in detecting the need for secondary lower limb amputation in adults 

 

 2 

Figure 7: NISSSA in detecting the need for secondary lower limb amputation in adults 

 

 3 

Figure 8: Ganga in detecting the need for secondary lower limb amputation in adults 

 

 4 

Figure 9: HFS ‘97 in detecting the need for secondary lower limb amputation in adults 

 

Primary/secondary upper limb amputation in children  5 

Figure 10: MESS in detecting the need for primary/secondary upper limb amputation in children 
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Study

Madhuchandra 2015

TP

1

FP

0

FN

0

TN

39

Sensitivity (95% CI)

1.00 [0.03, 1.00]

Specificity (95% CI)

1.00 [0.91, 1.00]

Sensitivity (95% CI)

0 0.2 0.4 0.6 0.8 1

Specificity (95% CI)

0 0.2 0.4 0.6 0.8 1



 

 

Complex fractures: Appendices I-P 
Forest plots 

National Clinical Guideline Centre, 2015 
7 

Figure 11: MESI in detecting need for primary/secondary lower limb amputation in children 

 

 1 

Figure 12: LSI in detecting need for primary/secondary lower limb amputation in children 

 

 2 

Figure 13: PSI in detecting need for primary/secondary lower limb amputation in CHILDREN 

 

 3 

Figure 14: HFS ‘98 in detecting need for primary/secondary lower limb amputation in children 
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Figure 15: NISSSA in detecting need for primary/secondary lower limb amputation in children 

 

Primary/secondary lower limb amputation in adults 5 

Figure 16: MESS in detecting need for primary/secondary lower limb amputation in adults 
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Figure 17: Ganga in detecting need for primary/secondary lower limb amputation in adults 

 

 1 

Figure 18: PSI in detecting need for primary/secondary lower limb amputation in adults 

 

 2 

Figure 19: NISSSA in detecting need for primary/secondary lower limb amputation in adults 

 

 3 

Figure 20: LSI in detecting need for primary/secondary lower limb amputation in adults 

 

 4 

Figure 21: HFS ‘98 in detecting need for primary/secondary lower limb amputation in adults 

 

 5 

Figure 22: HFS/HFS ‘97 in detecting need for primary/secondary lower limb amputation in adults 
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I.1.2 Arterial shunts 1 

Shunt versus definitive vascular repair 2 

Figure 23: Mortality 

 

 3 

Figure 24: Amputation 

 

 4 

Figure 25: Compartment syndrome 

 

 5 

Figure 26: Other vascular surgery 

 

I.1.3 MDT 6 

Combined orthoplastic approach versus non-combined approach 7 

Figure 27: Amputation 

 

Study or Subgroup

Desai 2012

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

Events

0

0

Total

5

5

Events

1

1

Total

17

17

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

0.27 [0.00, 29.45]

0.27 [0.00, 29.45]

shunt immediate def repair Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours shunt Favours imm def repair

Study or Subgroup

Desai 2012

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.40 (P = 0.69)

Events

1

1

Total

5

5

Events

5

5

Total

17

17

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.68 [0.10, 4.55]

0.68 [0.10, 4.55]

shunt immediate def repair Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.005 0.1 1 10 200
Favours shunt Favours imm def repair

Study or Subgroup

Desai 2012

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.79 (P = 0.43)

Events

0

0

Total

5

5

Events

2

2

Total

17

17

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

0.26 [0.01, 7.61]

0.26 [0.01, 7.61]

shunt immediate def repair Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours shunt Favours imm def repair

Study or Subgroup

Desai 2012

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.77 (P = 0.44)

Events

1

1

Total

5

5

Events

7

7

Total

17

17

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.49 [0.08, 3.07]

0.49 [0.08, 3.07]

shunt immediate def repair Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.005 0.1 1 10 200
Favours shunt Favours imm def repair



 

 

Complex fractures: Appendices I-P 
Forest plots 

National Clinical Guideline Centre, 2015 
10 

 1 

Figure 28: flap failure 

 
 2 

Figure 29: Deep infection 

 
 3 

Figure 30: Enneking limb score (higher better) 
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I.1.4 Optimal timing of debridement 1 

Deep surgical site infection 2 

Figure 31: Early versus delayed/late debridement multivariate analysis results (odds ratio) 

 
Noumi 2005 is adjusted for: age, sex, Gustilo type, fracture grade by AO type, fracture site, reamed versus undreamed 

nailing, existence of multiple trauma and existence of floating knee injury. Harley 2002 is adjusted for: male 
gender, age and Gustilo grade. 

 3 

Figure 32: Early versus delayed/late debridement multivariate analysis results  (relative risk) 

 
Adjusted for: The entire data set was used. This was assumed to be the content of the baseline characteristics table; age, 

ISS, RTS, SBP, lactate and Gustilo grade. 

 4 

Figure 33: Delayed versus earlier debridement multivariate analysis results  (adjusted OR) 
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Amputation 1 

Figure 34: Debridement on hospital day 0  versus other timings in open tibial fractures, 
multivariate analysis results 

 
Adjusted for: age, sex, race, economic characteristics, injury severity scale score, comorbidities, associated 

injuries/procedure (arterial injury, tibial nerve injury, complicated open wound, fasciotomy, dislocation (knee or 
ankle)), admission type, location, bed size, hospital teaching status, hospital volume open tibial fractures per year, 
median household income and mechanism of injury. 

I.1.5 Fixation 2 

Definitive fixation and immediate cover versus definitive fixation and staged cover  3 

Figure 35: Deep infection – RCT results 
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Figure 36: Deep infection - cohorts 

 
 

 1 

Figure 37: Amputation - cohorts 

 

 2 

Figure 38: Further unplanned surgery 

 

Definitive fixation and immediate cover versus staged fixation and staged cover  3 

Figure 39: Flap failure (total or partial) -cohort 
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Figure 40: Deep infection – cohort 

 

I.1.6 Cover 1 

Immediate versus 3 days 2 

Figure 41: Deep infection 

 

Immediate versus 7 days 3 

Figure 42: Deep infection (RCT) 

 

 4 
Figure 43: Deep infection (cohorts) 

 
 

 5 

Figure 44: Amputation (cohorts) 
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 1 

Immediate versus more than 7 days 2 

Figure 45: Infection (not specified if deep) 

 

More than 14 days versus less than 3 days 3 

Figure 46: Deep infection 
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Figure 47: Osteomyelitis 

 

Figure 48: Flap take backs 

 

More than 5 days versus less than 5 days 1 

Figure 49: Deep infection 

 

Timing as a continuous variable 2 

Figure 50: Odds of deep infection per day delay in cover 
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I.1.7 Definitive dressings after debridement 1 

NPWT versus standard dressing 2 

Figure 51: Deep infection 

 

 3 

Figure 52: Wound healed at 30 days 

 
Appearance of 100% granulation tissue over the wound 

 4 

Figure 53: Quality of life at 3 months (SF36 physical component) 
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I.2 Pelvic fractures 1 

I.2.1 Pelvic haemorrhage control 2 

LAP versus TAE 3 

Figure 54: In-hospital mortality 

 

I.3 Pilon fractures  4 

I.3.1 Pilon early fixation 5 

MIXED OPEN/CLOSED 6 

Definitive fixation within 24 hours versus temp fixation and definitive fixation at more than 7 days 7 

Figure 55: Number of surgeries 

 
 

 8 

Figure 56: Function - AOFAS 

 

 9 

Figure 57: Function - SMFA 
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-8.50 [-18.41, 1.41]

-8.50 [-18.41, 1.41]

<24 hours >7 days Mean Difference Mean Difference

IV, Fixed, 95% CI

-20 -10 0 10 20
Favours <24 hrs Favours >7 days
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 1 

Figure 58: People with unplanned surgery 

 

 2 

Figure 59: Return to normal activities 

 

Temp fixation and definitive fixation at more than 24 hours to 7 days versus temp fixation and 3 
definitive fixation at more than 7 days 4 

Figure 60: Deep infection 

 

 5 

Figure 61: Unplanned surgery 

 

 6 

Figure 62: Function - foot function index 

 

 7 

Study or Subgroup

Koulouvaris 2007

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.80 (P = 0.07)

Events

0

0

Total

42

42

Events

1

1

Total

13

13

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

0.01 [0.00, 1.47]

0.01 [0.00, 1.47]

<24 hours >7 days Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours <24 hrs Favours >7 days

Study or Subgroup

Koulouvaris 2007

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.97 (P = 0.33)

Events

35

35

Total

42

42

Events

12

12

Total

13

13

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.90 [0.73, 1.11]

0.90 [0.73, 1.11]

<24 hours >7 days Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.7 0.85 1 1.2 1.5
Favours > 7 days Favours <24 hrs

Study or Subgroup

Harris 2006

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.98 (P = 0.05)

Events

1

1

Total

16

16

Events

0

0

Total

63

63

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

139.42 [1.06, 18295.53]

139.42 [1.06, 18295.53]

Favours 24hrs to 7 days >7 days Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.001 0.1 1 10 1000
Favours 24hrs to 7 days Favours >7 days

Study or Subgroup

Harris 2006

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 2.11 (P = 0.03)

Events

4

4

Total

16

16

Events

4

4

Total

63

63

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

3.94 [1.10, 14.06]

3.94 [1.10, 14.06]

>24hrs to 7 days >7 days Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.005 0.1 1 10 200
Favours 24hrs to 7 days Favours >7 days

Study or Subgroup

Harris 2006

Total (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 1.99 (P = 0.05)

Mean

0.4

SD

0.305

Total

16

16

Mean

0.23

SD

0.305

Total

63

63

Weight

100.0%

100.0%

IV, Fixed, 95% CI

0.17 [0.00, 0.34]

0.17 [0.00, 0.34]

>24hrs to 7 days >7 days Mean Difference Mean Difference

IV, Fixed, 95% CI

-0.2 -0.1 0 0.1 0.2
Favours >24 hrs to 7 days Favours >7 days
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Figure 63: Function – musculoskeletal function assessment score 

 

CLOSED only 1 

Temp fixation and definitive fixation at more than 24 hours to 7 days versus temp fixation and 2 
definitive fixation at more than 7 days 3 

 4 

Figure 64: Deep infection 

 

 5 

Figure 65: Function (poor/fair)n 

 

 6 

Figure 66: Hospital stay (days) 

 

Study or Subgroup

Harris 2006

Total (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 1.99 (P = 0.05)

Mean

34

SD

23.5

Total

16

16

Mean

20.9

SD

23.5

Total

63

63

Weight

100.0%

100.0%

IV, Fixed, 95% CI

13.10 [0.21, 25.99]

13.10 [0.21, 25.99]

>24hrs to 7 days >7 days Mean Difference Mean Difference

IV, Fixed, 95% CI

-50 -25 0 25 50
Favours >24 hrs to 7 days Favours >7 days

Study or Subgroup

Tang 2014

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.00 (P = 0.32)

Events

0

0

Total

23

23

Events

1

1

Total

23

23

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

0.14 [0.00, 6.82]

0.14 [0.00, 6.82]

>24 hours to 7 days >7 days Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.01 0.1 1 10 100

Favours early Favours delayed

Study or Subgroup

Tang 2014

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Events

0

0

Total

23

23

Events

0

0

Total

23

23

Weight M-H, Fixed, 95% CI

Not estimable

Not estimable

>24 hours to 7 days >7 days Odds Ratio Odds Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours early Favours delayed

Study or Subgroup

Tang 2014

Total (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 7.38 (P < 0.00001)

Mean

7.6

SD

2.6

Total

23

23

Mean

15.2

SD

4.2

Total

23

23

Weight

100.0%

100.0%

IV, Fixed, 95% CI

-7.60 [-9.62, -5.58]

-7.60 [-9.62, -5.58]

>24 hours to 7 days >7 days Mean Difference Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4

Favours early Favours >7 days
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I.3.2 Pilon fixation 1 

RCT data 2 

Figure 67: Surgical site infection 

 
 3 

Figure 68: Osteomyelitis  

 
 4 

Figure 69: Ankle Fusion 

 
 5 

Figure 70: Unplanned further surgery (continuous) 

 
 6 

Study or Subgroup

Wang2010

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.00, df = 1 (P = 0.99); I² = 0%

Test for overall effect: Z = 1.93 (P = 0.05)

Events

2

5

7

Total

27

19

46

Events

0

1

1

Total

29

20

49

Weight

33.1%

66.9%

100.0%

M-H, Fixed, 95% CI

5.36 [0.27, 106.78]

5.26 [0.68, 41.01]

5.29 [0.97, 28.80]

Staged ORIF External fixation Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours Staged ORIF Favours External fixation

Study or Subgroup

Wang2010

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.00, df = 1 (P = 0.97); I² = 0%

Test for overall effect: Z = 2.10 (P = 0.04)

Events

1

3

4

Total

27

19

46

Events

0

0

0

Total

29

20

49

Weight

26.0%

74.0%

100.0%

Peto, Fixed, 95% CI

7.96 [0.16, 402.02]

8.73 [0.85, 89.36]

8.52 [1.15, 63.01]

Staged ORIF External fixation Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours Staged ORIF Favours External fixation

Study or Subgroup

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.97 (P = 0.33)

Events

0

0

Total

19

19

Events

1

1

Total

20

20

Weight

100.0%

100.0%

Peto, Fixed, 95% CI

0.14 [0.00, 7.18]

0.14 [0.00, 7.18]

Staged ORIF External fixation Peto Odds Ratio Peto Odds Ratio

Peto, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours Staged ORIF Favours External Fixators

Study or Subgroup

Wyrsch 1996

Total (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.33 (P = 0.02)

Mean

1.47

SD

2.12

Total

19

19

Mean

0.3

SD

0.57

Total

20

20

Weight

100.0%

100.0%

IV, Fixed, 95% CI

1.17 [0.18, 2.16]

1.17 [0.18, 2.16]

Staged ORIF External fixation Mean Difference Mean Difference

IV, Fixed, 95% CI

-10 -5 0 5 10
Favours Staged ORIF Favours External Fixation



 

 

Complex fractures: Appendices I-P 
Forest plots 

National Clinical Guideline Centre, 2015 
22 

Figure 71: Unplanned further surgery (dichotomous) 

 
 1 

Figure 72: Wound breakdown 

 
 2 

Figure 73: Amputation 

 

Cohort Data 3 

Figure 74: Health-related quality of life (SF-36 functional Score) 

 

Study or Subgroup

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.70 (P = 0.09)

Events

9

9

Total

19

19

Events

4

4

Total

20

20

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

2.37 [0.87, 6.42]

2.37 [0.87, 6.42]

Staged ORIF External fixation Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours Staged ORIF Favours External Fixation

Study or Subgroup

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 2.87 (P = 0.004)

Events

6

6

Total

19

19

Events

0

0

Total

20

20

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.32 [0.10, 0.53]

0.32 [0.10, 0.53]

Staged ORIF External fixation Risk Difference Risk Difference

M-H, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours Staged ORIF Favours External Fixator

Study or Subgroup

Wyrsch 1996

Total (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.73 (P = 0.08)

Events

3

3

Total

19

19

Events

0

0

Total

20

20

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.16 [-0.02, 0.34]

0.16 [-0.02, 0.34]

Staged ORIF External fixation Risk Difference Risk Difference

M-H, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours Staged ORIF Favours External Fixation
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I.4 Other  

I.4.1 Detecting compartment syndrome 

Diagnostic RCT review  

Continuous compartment pressure monitoring versus no compartment pressure 
monitoring 

Figure 75: Sensory loss 

 

 

Figure 76: Contracture 

 
  

Study or Subgroup

Harris 2006

Events

5

Total

71

Events

5

Total

84

M-H, Fixed, 95% CI

1.18 [0.36, 3.92]

Monitored Unmonitored Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours monitored Favours unmonitored

Study or Subgroup

Harris 2006

Events

1

Total

71

Events

3

Total

84

M-H, Fixed, 95% CI

0.39 [0.04, 3.71]

Monitored Unmonitored Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours monitored Favours unmonitored
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Appendix J: Excluded clinical studies 

J.1 Open fractures  

J.1.1 Limb salvage 

Table 1: Studies excluded from the clinical review  

Reference Reason for exclusion 

Adegbehingbe, 2006
4
 No usable accuracy data 

Agel, 2014
5
 No accuracy data 

Bevevino, 2014
42

 Modelling study 

Bosse, 2002
50

 No accuracy data 

Clement, 2014
69

 No accuracy data 

Dua, 2014A
96

 No accuracy data 

Dua, 2014
95

 Not assessing accuracy of prediction tools 

Fochtmann, 2014
116

 No accuracy data 

Fodor, 2012
117

 Review – reference list examined 

Gregory, 1985
134

 Developmental study 

Guraya, 2004
140

 No accuracy data for salvage group 

Hierner, 1995
163

 No accuracy data 

Higgins, 2010
164

 Review –references examined 

Hoogendoorn, 2002
172

 Review –references examined 

Howe, 1987
178

 Developmental study 

Krettek, 2001a
223

 Erratum – related to author names 

Ly, 2008
242

 Not predicting amputation 

Mackenzie, 2006
244

 Not assessing accuracy of prediction tools 

Osullivan, 1997
293

 No accuracy data 

Poole, 1994
322

 Not assessing accuracy of prediction tools 

Shanmuganathan, 2008
365

 Review –references examined 

Sharma, 2003 Amputations appeared to be made on the basis of the MESS score 

Swionkowski, 2002
387

 Developmental study 

Zaraca, 2011
433

 Not an accuracy study 

J.1.2 Antibiotics 

Table 2: Studies excluded from the clinical review 

Reference Reason for exclusion 

Alarabi 2007
7
  Inadequate adjustment for confounders 

Alarabi 2008
8
 Corrigendum for ALARABI2007 

Bremmer 2012
52

 Abstract 

Gonzalez 2014
128

 Did not look at time of antibiotic administration 

Grote 2012
136

 Not in English and was not ordered 

Hatfield 2012
153

 Conference abstract 

Hauser 2006
154

 Review, not systematic 
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Reference Reason for exclusion 

Hughes 1993
180

 Review, not systematic 

Leonidou 2014
234

 No adjustment for key confounders; age and contamination data 
given but not for each group 

Malik 2004
248

 Study does not report outcomes by timing of antibiotics  

Mccaul 2013
259

 Conference abstract 

Patzakis 1983
311

 Study does not report outcomes by timing of antibiotics 

Rojczyk 1979
346

 Not in English 

Thomas 2013
392

 Study does not report outcomes by timing of antibiotics 

Zumsteg 2014
440

 Unclear MVA inputs. No baseline characteristics provided. 

J.1.3 Dressings before debridement 

Table 3: Studies excluded from the clinical review 

Study Reason for exclusion  

Back 2013
23

 Systematic review is not relevant to review question or unclear PICO 

Blum 2012
49

 Incorrect interventions. Post-debridement treatments 

Calhoun 1993
60

 Not review population. Chronic osteomyelitis 

Contractor 2008
71

 Systematic review is not relevant to review question or unclear PICO 

Halvorson 2011
144

 Incorrect study design. Non-comparative study 

Kazakos 2009
206

 Incorrect interventions. Plasma rich platelet gel 

Keating 1996
207

 Incorrect interventions. Post-debridement treatment 

Keen 2012
210

 Incorrect study design 

Liu 2012
237

 Incorrect interventions. After debridement 

Moehring 2000
276

 Incorrect interventions. Took place after debridement 

Moues 2004
281

 Not guideline condition 

Ogbemudia 2010
297

 Not review population 

Rasool 2013
332

 Dressings applied after debridement 

Rinker 2008
342

 Incorrect study design 

Runkel 2011
354

 Systematic review is not relevant to review question or unclear PICO 

Stannard 2009
380

 Incorrect interventions. After debridement 

Stannard 2010
379

 Study design not relevant to review. Review 

Tang 2010
389

 Incorrect interventions. Post-debridement treatment 

Wright 2007
423

 Incorrect study design 

Yuenyongviwat 2011
430

 Incorrect interventions. Only standard dressings 

J.1.4 Arterial shunts 

Table 4: Studies excluded from the clinical review 

Study Reason for exclusion  

Al-salman 1997
10

 Incorrect interventions 

Asensio 2006
17

 Incorrect interventions 

Ball 2009
28

 Incorrect interventions 

Ball 2009
27

 Incorrect interventions 

Barros d'sa 2006
33

 Failed to adjust for time to initial vascular repair 
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Study Reason for exclusion  

Cavadas 2009
64

 Macroreplantations case series 

Chambers 2006
65

 Incorrect interventions 

Fox 2008
120

 Failed to adjust for time to initial vascular repair 

Gifford 2009
123

 failed to adjust for time to initial vascular repair 

Granchi 2000
132

 Incorrect interventions 

Laohapensang 1994
229

 Incorrect interventions 

Nichols 1986
286

 Failed to adjust for time to initial vascular repair 

Reber 1999
333

 Incorrect interventions 

Subramanian 2008
384

 Incorrect interventions. case series 

Taller 2008
388

 Incorrect interventions 

J.1.5 MDT 

Table 5: Studies excluded from the clinical review 

Reference Reason for exclusion 

British Orthopaedic Association, 
British Association of Plastic 
Surgeons. The Early Management of 
Severe Tibial Fractures: The Need for 
Combined Plastic and Orthopaedic 
Management : [a Report by the 
BOA/BAPS Working Party on Severe 
Tibial Injuries]. Associations; 1993. 
Available from: 
http://books.google.co.uk/books?id=
swxDHQAACAAJ 

Not available from any sources 

Court-Brown, Cross AT, Hahn DM, 
Marsh DR, Willett K, Quaba AAWF et 
al. A report by the British 
Orthopaedic Association/British 
Association of Plastic Surgeons 
Working Party on the Management 
of Open Tibial Fractures September 
1997. British Journal of Plastic 
Surgery. 1997; 50(8):570-583 

Review article. References checked and one article ordered 

Godina M. early microsurgical 
reconstruction of complex trauma of 
the extremities. Plast Reconst Surg 
1986; 78:285-92 

 

Mixed population containing people without open fractures 

Green AR. The courage to co-
operate: the team approach to open 
fractures of the lower limb. Annals of 
the Royal College of Surgeons of 
England. 1994; 76(6):365-366 

Review. References checked and two articles ordered 

Levin LS. The reconstructive ladder: 
An orthoplastic approach. 
Orthopedic Clinics of North America. 
1993; 24(3):393-409 

Review article. References checked and no articles ordered 

Moda SK et al. The role of early flap 
coverage in the management of 
open fractures of both bones of the 

Not relevant to the protocol 
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Reference Reason for exclusion 

leg. Injury 1994; 25: 83-5 ( was in the 
search) 

 

Nayagam S, Graham K, Pearse M, 
Nanchahal J. Reconstructive surgery 
in limbs: the case for the orthoplastic 
approach. Annals of Plastic Surgery. 
2011; 66(1):6-8 

Review article. References checked and no articles ordered 

Rahman S, Trickett R, Pallister I. From 
guidelines to standards of care: 
Increasing workload, but diminishing 
patient burden in open tibial 
fractures. International Journal of 
Surgery. 2013; 11(8):682 

Abstract. Not relevant to protocol 

Stammers J, Williams D, Hunter J, 
Vesely M, Nielsen D. The impact of 
trauma centre designation on open 
tibial fracture management. Annals 
of the Royal College of Surgeons of 
England. 2013; 95(3):184-187 

Groups are not as on protocol. The ‘tertiary’ group contained 14/15 
with a non-combined approach and the ‘primary’ group had 21/29 
with a combined approach. There was sufficient departure from the 
protocol in these groups to exclude rather than downgrade for 
indirectness. For example, the 8 in the primary group that were not 
managed with a combined approach were very uncomplicated 
orthopaedic cases, and this may have contributed considerably to 
any advantage in the primary group. There was no sub-grouping of 
results within the study to allow us to extract only the results 
pertaining to the cases correlating with the protocol. 

J.1.6 Optimal timing of debridement 

Table 6: Studies excluded from the clinical review 

Reference Reason for exclusion 

Ashford 2004
18

 Inadequate adjustment for confounders 

Alarabi 2007
7
 Inadequate adjustment for confounders 

Alhilli 2010
9
 Inadequate adjustment of confounders. 

Arti 2012
16

 Systematic review does not meet protocol criteria. 

Bednar 1993
39

 Inadequate adjustment for confounders. 

Dellinger 1988
88

 Does not meet the protocol criteria. 

Gougoulias 2009
131

 Systematic review does not look at debridement timing. 

Ibrahim 2014
186

 Systematic review does not meet protocol criteria. 

Ikem 2001
187

 No Surgical debridement timing comparisons 

Ikem 2006
188

 No Surgical debridement timing comparisons 

Jacob 1992
190

 No Surgical debridement timing comparisons 

Khatod 2003
215

 Inadequate adjustment of confounders. 

Kindsfater 1995
217

 Confounders are not compared between treatment groups 

Kreder 1995
222

 Insufficient data reported by debridement time. Unclear reporting. 

Kurylo 2011
225

 Inadequate adjustment of confounders. 

Leonidou 2014
234

  
No adjustment for key confounders; age and contamination data 
given but not for each group 

Mclain 1991
262

 Inadequate adjustment of confounders. 

Patzakis 1989
310

 Inadequate adjustment of confounders. 

Pollak 2010
320

 Does not meet the protocol criteria. 
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Reference Reason for exclusion 

Reuss 2007
337

 Inadequate adjustment of confounders. 

Schenker 2012
364

 Systematic Review. References checked for eligibility 

Schenker 2012
364

 Inadequate adjustment of confounders. 

Skaggs 2000
370

 Inadequate adjustment for confounders. 

Skaggs 2005
371

 Inadequate adjustment for confounders. 

Spencer 2004
375

 Inadequate adjustment of confounders. 

Srour2015 
377

 
No multivariable analysis for Gustillo grade in the light of large 
differences in proportions of people with each grade across groups  

Sungaran 2007
385

 Inadequate adjustment of confounders.  

Tripuraneni 2008
399

 Inadequate adjustment of confounders. 

Wei 2014
416

 
Inadequate adjustment of confounders across the debridement 
timing groups 

Yusof 2013
432

 Inadequate adjustment of confounders. 

Zumsteg 2014
440

 
No baseline characteristics provided. Unclear what variables were in 
the logistic regression. 

J.1.7 Fixation 

Table 7: Studies excluded from the clinical review 

Reference Reason for exclusion 

ALLISON2011
11

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BALDWIN2009
26

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BARTLETT1997
34

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BERRY2004
41

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BHANDARI2001
43

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BLICK1989
48

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BREUGEM2006
53

 SR does not meet our inclusion criteria 

BUCKLEY1996
55

 Inadequate adjustment for confounders 

BURGESS1987
57

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BYRD1981
58

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BYRD1985
59

 Inadequate adjustment for confounders 

CAUDLE1987 Inadequate adjustment for confounders 

CIERNY1983
67

 Inadequate adjustment for confounders 

COX1970
74

 No comparison between immediate (early)  versus staged (delayed)  
closure 

CULLEN1996
78

 No comparison between immediate (early)  versus staged (delayed)  
closure 

DALLEYRAND 2014
81

 Unknown when the fracture fixation was carried out in relation to 
the cover timing 
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Reference Reason for exclusion 

DAVISSEARS2012
83

 No comparison between immediate (early)  versus staged (delayed)  
closure 

DELONG1999
89

 Inadequate adjustment for confounders 

DONG2011
93

 No comparison between immediate (early)  versus staged (delayed)  
closure 

EDWARDS1983
101

 Not a systematic review 

EDWARDS1988
102

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ERDMANN1997
108

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FERRERA1999
113

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FISCHER1991
114

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FRANCEL1992
121

 Inadequate adjustment for confounders 

GLASS2009A
124

 No comparison between immediate (early)  versus staged (delayed)  
closure 

GODINA1986
126

 Inadequate adjustment for confounders 

GOPAL2000
129

 Inadequate adjustment for confounders 

GOUGOULIAS2009A
130

 No comparison between immediate (early)  versus staged (delayed)  
closure 

GREENBAUM2001
133

 No comparison between immediate (early)  versus staged (delayed)  
closure 

GRIMARD1996
135

 Inadequate adjustment for confounders  

GUSTILO1976
141

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAASBEEK1995
143

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAMMER1992
145

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARLEY2002
147

  Inadequate adjustment for confounders 

HARRIS2006
149

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARVEY2002
150

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARWOOD2006
151

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAS1995
152

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HEE2001
155

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HEIER2003
156

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HELLAND1996
158

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HENLEY1998
160

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HERNIGOU2013
161

 No comparison between immediate (early)  versus staged (delayed)  
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closure 

HOFFMANN2013
167

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HOHMANN2007
168

 Incorrect comparison 

HONG1998
171

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HOU2011
176

 Inadequate adjustment for confounders 

HULL2008
181

 Not a systematic review 

HULSKER2011
183

 Incorrect study design included 

HUTCHINSON2012
184

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HUTSON2010
185

 No comparison between immediate (early)  versus staged (delayed)  
closure 

JONES2003
195

 No comparison between immediate (early)  versus staged (delayed)  
closure 

JOSHI2006
196

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KAI1998
198

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KAKAR2007
200

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KAMATH2012
202

 Inadequate adjustment for confounders 

KEELING2008
209

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KESEMENLI2004
212

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KIM2012
216

 Outcomes of the protocol not reported 

KINZEL2006
218

 Does not meet our protocol 

KREDER1995
222

 Outcomes of the protocol not reported 

KULSHRESTHA2008
224

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LAUGHLIN1993
230

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LENARZ2010
232

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LEONG1988
233

 Inadequate adjustment for confounders  

LERNER2006 No comparison between immediate (early)  versus staged (delayed)  
closure 

LOWENBERG1996
239

 No comparison between immediate (early)  versus staged (delayed)  
closure 

MACK2013
243

  No comparison between immediate (early)  versus staged (delayed)  
closure 

METSEMAKERS2015
268

 Did not cover the review question 

MIN2011
269

 Inadequate adjustment for confounders 

MODA1994
272

 No comparison between immediate (early)  versus staged (delayed)  
closure 

NAIQUE2006
282

 Inadequate adjustment for confounders 
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PAPAKOSTIDIS2011
307

 No comparison between immediate (early)  versus staged (delayed)  
closure 

PARK2007
308

 No comparison between immediate (early)  versus staged (delayed)  
closure 

PARRETT2006
309

 No comparison between immediate (early)  versus staged (delayed)  
closure 

POLLAK2000
319

 Intervention does not meet the protocol 

POLLAK2010
320

 Outcomes did not meet the protocol 

Radoicic 2014
329

 Comparison covered by an RCT. Cohorts with severe contamination 
were also used in that comparison to allow for fact that the RCT did 
not include high contamination (Grade III), but Radoicic2014 only 
involved open fractures with Grade I and II contamination, so was 
not included. 

RAJASEKARAN2009
330

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RAO2010
331

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RINKER2005
343

 Population does not match the protocol ( includes patients who do 
not have open fractures) 

RINKER2008
342

 Inadequate adjustment for confounders 

ROMMENS1986
348

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RUSSELL1990
355

 No comparison between immediate (early)  versus staged (delayed)  
closure 

SHEPHERD1998
366

 Inadequate adjustment for confounders 

STALEKAR2003
378

 Inadequate adjustment for confounders 

STANNARD2010
379

 Not a systematic review 

STEIERT2009
381

 Inadequate adjustment for confounders 

SWANSON1991
386

 Inadequate adjustment for confounders 

THO1994
391

  No outcomes for comparison between immediate (early)  versus 
staged (delayed)  closure 

TORCHIA1996
395

 Inadequate adjustment for confounders 

TOWNLEY2010
397

 No comparison between immediate (early)  versus staged (delayed)  
closure 

WEBB2007
415

  MVA variables unclear 

WIDENFALK1979
418

 No comparison between immediate (early)  versus staged (delayed)  
closure 

WOOD2012
422

 SR does not match our protocol.  

YAREMCHUK1987 No comparison between immediate (early)  versus staged (delayed)  
closure 

YOKOYAMA1995
428

 Inadequate controlling for confounders 

YOKOYAMA2006A
429

 Inadequate controlling for confounders 

YUSOF2013
432

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ZATTI2000
434

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ZIRAN2004
438

 No comparison between immediate (early)  versus staged (delayed)  
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closure 

J.1.8 Cover 

Table 8: Studies excluded from the clinical review 

Reference Reason for exclusion 

ALLISON2011
11

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BALDWIN2009
26

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BARTLETT1997
34

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BERRY2004
41

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BHANDARI2001
43

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BLICK1989
48

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BREUGEM2006
53

 SR does not meet our inclusion criteria 

BUCKLEY1996
55

 Inadequate adjustment for confounders 

BURGESS1987
57

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BYRD1981
58

 No comparison between immediate (early)  versus staged (delayed)  
closure 

BYRD1985
59

 Inadequate adjustment for confounders 

CAUDLE1987 Inadequate adjustment for confounders 

CIERNY1983
67

 Inadequate adjustment for confounders 

COX1970
74

 No comparison between immediate (early)  versus staged (delayed)  
closure 

CULLEN1996
78

 No comparison between immediate (early)  versus staged (delayed)  
closure 

DAVISSEARS2012
83

 No comparison between immediate (early)  versus staged (delayed)  
closure 

DELONG1999
89

 Inadequate adjustment for confounders 

DONG2011
93

 No comparison between immediate (early)  versus staged (delayed)  
closure 

EDWARDS1983
101

 Not a systematic review 

EDWARDS1988
102

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ERDMANN1997
108

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FERRERA1999
113

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FISCHER1991
114

 No comparison between immediate (early)  versus staged (delayed)  
closure 

FRANCEL1992
121

 Inadequate adjustment for confounders 

GLASS2009A
124

 No comparison between immediate (early)  versus staged (delayed)  
closure 
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GODINA1986
126

 Inadequate adjustment for confounders 

GOPAL2000
129

 Inadequate adjustment for confounders 

GOUGOULIAS2009A
130

 No comparison between immediate (early)  versus staged (delayed)  
closure 

GREENBAUM2001
133

 No comparison between immediate (early)  versus staged (delayed)  
closure 

GRIMARD1996
135

 Inadequate adjustment for confounders  

GUSTILO1976
141

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAASBEEK1995
143

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAMMER1992
145

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARLEY2002
147

  Inadequate adjustment for confounders 

HARRIS2006
149

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARVEY2002
150

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HARWOOD2006
151

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HAS1995
152

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HEE2001
155

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HEIER2003
156

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HELLAND1996
158

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HENLEY1998
160

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HERNIGOU2013
161

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HOFFMANN2013
167

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HONG1998
171

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HOU2011
176

 Inadequate adjustment for confounders 

HULL2008
181

 Not a systematic review 

HULSKER2011
183

 Incorrect study design included 

HUTCHINSON2012
184

 No comparison between immediate (early)  versus staged (delayed)  
closure 

HUTSON2010
185

 No comparison between immediate (early)  versus staged (delayed)  
closure 

JONES2003
195

 No comparison between immediate (early)  versus staged (delayed)  
closure 

JOSHI2006
196

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KAI1998
198

 No comparison between immediate (early)  versus staged (delayed)  
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closure 

KAKAR2007
200

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KAMATH2012
202

 Inadequate adjustment for confounders 

KEELING2008
209

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KESEMENLI2004
212

 No comparison between immediate (early)  versus staged (delayed)  
closure 

KIM2012
216

 Outcomes of the protocol not reported 

KINZEL2006
218

 Does not meet our protocol 

KREDER1995
222

 Outcomes of the protocol not reported 

KULSHRESTHA2008
224

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LAUGHLIN1993
230

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LENARZ2010
232

 No comparison between immediate (early)  versus staged (delayed)  
closure 

LEONG1988
233

 Inadequate adjustment for confounders  

LERNER2006 No comparison between immediate (early)  versus staged (delayed)  
closure 

LOWENBERG1996
239

 No comparison between immediate (early)  versus staged (delayed)  
closure 

MACK2013
243

  No comparison between immediate (early)  versus staged (delayed)  
closure 

MIN2011
269

 Inadequate adjustment for confounders 

MODA1994
272

 No comparison between immediate (early)  versus staged (delayed)  
closure 

NAIQUE2006
282

 Inadequate adjustment for confounders 

PAPAKOSTIDIS2011
307

 No comparison between immediate (early)  versus staged (delayed)  
closure 

PARK2007
308

 No comparison between immediate (early)  versus staged (delayed)  
closure 

PARRETT2006
309

 No comparison between immediate (early)  versus staged (delayed)  
closure 

POLLAK2000
319

 Intervention does not meet the protocol 

RAJASEKARAN2009
330

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RAO2010
331

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RINKER2005
343

 Population does not match the protocol ( includes patients who do 
not have open fractures) 

RINKER2008
342

 Inadequate adjustment for confounders 

ROMMENS1986
348

 No comparison between immediate (early)  versus staged (delayed)  
closure 

RUSSELL1990
355

 No comparison between immediate (early)  versus staged (delayed)  
closure 

SHEPHERD1998
366

 Inadequate adjustment for confounders 

STANNARD2010
379

 Not a systematic review 
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STEIERT2009
381

 Inadequate adjustment for confounders 

SWANSON1991
386

 Inadequate adjustment for confounders 

THO1994
391

  No outcomes for comparison between immediate (early)  versus 
staged (delayed)  closure 

TORCHIA1996
395

 Inadequate adjustment for confounders 

TOWNLEY2010
397

 No comparison between immediate (early)  versus staged (delayed)  
closure 

WEBB2007
415

  MVA variables unclear 

WIDENFALK1979
418

 No comparison between immediate (early)  versus staged (delayed)  
closure 

WOOD2012
422

 SR does not match our protocol.  

YAREMCHUK1987 No comparison between immediate (early)  versus staged (delayed)  
closure 

YOKOYAMA1995
428

 Inadequate controlling for confounders 

YOKOYAMA2006A
429

 Inadequate controlling for confounders 

YUSOF2013
432

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ZATTI2000
434

 No comparison between immediate (early)  versus staged (delayed)  
closure 

ZIRAN2004
438

 No comparison between immediate (early)  versus staged (delayed)  
closure 

JENKINSON2014 
193

 No timing data 

EGOL2005 
103

 Non comparative study 

SCHEMITSCH2012 
363

 No timing data 

LIU2012
237

 No immediate cover group 

J.1.9 Definitive dressings after debridement 

Table 9: Studies excluded from the clinical review 

Study Reason for exclusion 

Back 2013
23

 Systematic review is not relevant to review question or unclear PICO 

Blum 2012
49

 Study design not relevant to review. Cohort study 

Calhoun 1993
60

 Not review population. Chronic osteomyelitis 

Contractor 2008
71

 Systematic review is not relevant to review question or unclear PICO 

Halvorson 2011
144

 Incorrect study design. Non-comparative study 

Kazakos 2009
206

 Incorrect interventions. Plasma rich platelet gel 

Keating 1996
207

 Incorrect intervention: bead group not given concomitant IV antibiotics 

Keen 2012
210

 Incorrect study design 

Liu 2012
237

 Study design not relevant to review. Cohort study 

Moehring 2000
276

 Incorrect interventions: antibiotic beads not given alongside IV 
antibiotics 

Moues 2004
281

 Not guideline condition 

Ogbemudia 2010
297

 Not review population 

Rinker 2008
342

 Incorrect study design 

Runkel 2011
354

 Systematic review is not relevant to review question or unclear PICO 
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Stannard 2010
379

 Study design not relevant to review. Review 

Tang 2010
389

 Incorrect study design. Case series 

Wright 2007
423

 Incorrect study design 

Yuenyongviwat 2011
430

 Incorrect interventions. Only standard dressings 

J.2 Pelvic fractures 

J.2.1 Transfer to MTC 

Table 10: Studies excluded from the clinical review 

Study Reason for exclusion 

Bouzat 2013
51

 Article in French 

Demetriades 2005
90

 Does not compare intervention of interest directly with each other 

J.2.2 Decision for pelvic binders 

Table 11: Studies excluded from the clinical review 

Reference Reason for exclusion 

Baumann 2011
35

 Evaluated eFAST - not a risk tool and eFAST not used pre-hospital 

Reynolds 2014A
338

 Abstract only 

J.2.3 Timing of log roll 

Table 12: Studies excluded from the clinical review 

Reference Reason for exclusion 

Block2001 Review 

J.2.4 Pelvic imaging 

Table 13: Studies excluded from the clinical review 

Reference Reason for exclusion 

Dormagen 2010
94

 Inappropriate study design: Diagnosis of arterial injury 

Duane 2008
97

 Inappropriate study design: Initial CT as reference standard 

Falchi 2004
111

 Systematic review no meta-analysis: Used to source references only 

Guillamondegui 2003
138

 Inappropriate study design: Initial CT as reference standard 

Harley 1982
148

 Inappropriate study design: Initial CT+X-ray as reference standard 

Henes 2012
159

 Inappropriate study population: Low or moderate energy pelvic fractures 
in elderly population 

Holmes 2012
169

 Inappropriate study design: Initial CT as reference standard 

Kirby 2010
219

 Inappropriate study design: MRI as reference standard 

Obaid 2006
295

 Inappropriate study design: Initial CT as reference standard 

O’Shea 2006
292

 Inappropriate study design: Post-operative imaging 

O’Toole 2001
294

 Inappropriate study design: Inter-rater reliability of imaging strategies 

Magid 1986
247

 Inappropriate study design: Initial CT as reference standard 

Nuchtern 2015
289

 Inappropriate study population: Low or moderate energy pelvic fractures 
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in elderly population 

Paydar 2013
312

 Case series: No comparative or diagnostic accuracy data 

Potter 1994
323

 Inappropriate study design: Surgical findings as reference standard, but 
evidence of missed fractures with gold standard 

Resnik 1992
336

 Inappropriate study design: Initial CT as reference standard 

Robertson 1995
345

 Inappropriate study design: Initial CT as reference standard 

Their 2005
390

 Inappropriate study design: Initial CT as reference standard 

Vo2004
411

 Inappropriate study design: Initial CT as reference standard 

Yugueros1995 
431

 Inappropriate study design: No relevant index test 

 

J.2.5 Pelvic cystourethrogram 

Table 14: Studies excluded from the clinical review 

Reference Reason for exclusion 

Carroll 1983
63

 Incorrect population: all patients had bladder rupture 

Deck 2000
86

 CT scanner utilised not MDCT 

Deck 2001
87

 CT scanner utilised not MDCT 

Haas 1999
142

 CT scanner utilised not MDCT 

Horstman 1991
174

 CT scanner utilised not MDCT 

Kailidou 2005
199

 No separate data for bladder injury 

Kane 1989
203

 CT scanner utilised not MDCT 

Luckhoff 2011
240

 Incorrect diagnostic test: urethral injury 

Marks 2012
252

 Case report 

Mokoena 1995
277

 Prognostic factor study 

Morey 2001
278

 Not a diagnostic accuracy or effectiveness study 

Morgan 2000
279

 Prognostic factor study 

Pao 2000
305

 CT scanner utilised not MDCT 

Peng 1999
313

 CT scanner utilised not MDCT 

Quagliano 2006
328

 One CT scanner utilised not MDCT 

Rehm 1991
335

 No accuracy data presented 

Spencer Netto 2008
374

 Incorrect population: all patients had bladder/urethral injuries 

Stengel 2012
382

 No separate data for bladder injury 

Udekwu 1996
402

 CT scanner utilised not MDCT 

Ziran 2005
439

 Not a diagnostic accuracy or effectiveness study 

J.2.6 Pelvic haemorrhage control 

Table 15: Studies excluded from the clinical review 

Study Reason for exclusion 

Abrassart 2013
3
 Groups in the study not adjusted for confounders 

Akbar 2012
6
 Internal fixation is not  used to treat pelvic haemorrhage 

Anandakumar 2013
12

 Compared angiogram (with some that had EA) against no angiogram.  

Baylis 2004
36

 No intervention of interest 
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Beard 1988
37

 No comparison of intervention in the study 

Biffl 2001
45

 study does not report outcomes separately for the interventions 

Burgess 1990
56

 No comparison of interventions in the study 

Clamp 2011
68

 Review 

Cook 2002
72

 No direct comparison of interventions in the study 

Croce 2007
75

 POD vs. Ex fixation. POD is not an invasive technique  

Cullinane 2011
79

 Review 

Davis 2008
84

 Review 

Ertel 2001
109

 No direct comparison of interventions in the study 

Evers 1989
110

 Groups not adjusted for confounders 

Flint 1990
115

 No outcomes reported for interventions and groups in the study not 
adjusted for confounders 

Goins 1992
127

 No comparison of interventions in the study 

Grubor 2011
137

 Groups were not adjusted for confounders and data was not reported 
for groups separately 

Hu 2013
179

 Review 

Keel 2005
208

 review 

Lai 2008
226

 case-series with no relevant data 

Langford 2013
228

 Review 

Lustenberger 2011
241

 looks at intervention pelvic c-clamp followed by pelvic packing  

Mauffrey 2014
255

 Review 

Mlyncek 2005
271

 Review 

O'flanagan 1992
291

 Internal fixation is a technique to stabilise fracture, not control pelvic 
haemorrhage 

Osborn 2009
302

 half of the angiogram group did not undergo embolisation 

Pizanis 2013
316

 c-clamp compared against non-invasive techniques in study 

Plaisier 2000
317

 No comparison of interventions in the study 

Ricci 2014
339

 Review 

Richardson 1982
341

 Case-series study 

Ruchholtz 2004
353

 Groups in the study not adjusted for confounders 

Sadri 2005
356

 Groups not adjusted for confounders 

Sriussadaporn 2002
376

 Groups in the study not adjusted for confounders 

Uchida 2011
401

 Groups in the study not adjusted for confounders 

Van veen 1995
405

 No direct comparisons between interventions in the study 

Verbeek 2008
408

 Review 

Vigdorchik 2012
410

 Internal fixation device only 

Waikakul 1999
412

 external fixation compared with a non-invasive conventional method of 
treatment 

Yang 2008
426

 No direct comparison of interventions in the study 

Zhao 2011
437

 Review 
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J.3 Pilon fractures  

J.3.1 Pilon early fixation 

Table 16: Studies excluded from the clinical review 

Study Reason for exclusion 

Anglen 1999
13

 Incorrect interventions 

Bacon 2008
24

 Inappropriate comparison 

Bacon 2008
24

 Both groups with same timing 

Binda 2011
46

 Abstract 

Blauth 2001
47

 No adjustment for open or closed 

Calori 2010
61

 Incorrect interventions 

Court-brown 1999
73

 Incorrect interventions 

Cronier 2012
76

 Non-systematic review 

Crutchfield 1995
77

 Incorrect interventions 

Gulabi 2012
139

 Incorrect interventions 

Horn 2011
173

 Incorrect interventions 

Kapukaya 2005
204

 Case series 

Katsenis 2009
205

 Incorrect interventions 

Ketz 2012
214

 Incorrect interventions 

Ketz 2012
213

 Case series 

Korkmaz 2013
220

 Incorrect interventions 

Li 2012
236

 Incorrect interventions 

Mandracchia 1999
250

 Non-systematic review 

Marsh 1995
254

 Incorrect interventions 

Mauffrey 2011
256

 Non-systematic review 

Mcferran 1992
260

 Incorrect interventions 

Okcu 2004
299

 Incorrect interventions 

Papadokostakis 2008
306

 Systematic review is not relevant to review question or unclear PICO 

Pollak 2003
321

 The staging/timing categories in protocol were not evaluated in this 
cohort study 

Pugh 1999
325

 Incorrect interventions 

Purghel 2012
327

 Non-systematic review 

Richard 2012
340

 Both groups had same category of delay to definitive treatment 

Salton 2007
360

 No protocol outcomes 

Sirkin 1999
369

 Incorrect interventions 

Trumble 1993
400

 Incorrect interventions 

Vasiliadis 2009
407

 Not relevant to protocol 

Wang 2010
413

 Both groups had same delay to definitive treatment 

Watson 2000
414

 Incorrect interventions 

Wyrsch 1996
425

 No analysis for staging or timing 

Zeng 2011
435

 No outcomes reported for group comparison 
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J.3.2 Pilon fixation 

Table 17: Studies excluded from the clinical review 

Reference Reason for exclusion 

Anglen1999
13

 Mixed groups (temporary external fixation) 

Babis1997
22

 Inadequate reporting of confounders. 

Bacon 2008 
24

 Non-randomised study. Does not report health-related quality of life. 

Baloch2009
29

 Cancelled order- descriptive study and was unable to be found 

Blauth2001
47

 Inadequate reporting of confounders 

Binda2011
46

 Abstract 

Calori2010
61

 Includes case series. 

Crutchfield1995
77

 Inadequate reporting of confounders 

Davidovitch 2011 
82

 Non-randomised study. Does not report health-related quality of life. 

Elkhechen2012
104

 Duplication - not ordered 

Endres2004
106

 Not in English 

Gulabi2012
139

 Inadequate reporting of confounders 

Harris2006
149

 Inadequate adjustment of confounders. Unbalanced for age, and grade at 
baseline. 

Helfet1994
157

 Unclear who had initial ext. fixation. Inadequate reporting of 
confounders. 

Joveniaux2010
197

 Not pilon fracture specific 

Kendig1997
211

 Not a systematic review 

Korkmaz2013
220

 Inadequate reporting of confounders  

Koulouvaris2007
221

 Interventions were not those specified in protocol 

Marsh1999
253

 Not a systematic review 

Ovadia 1986
303

 Comparator was a mixed treatment. No adjustment for key confounders 

Pierce1979
314

 All internal fixation 

Pollack 2003
321

 Non-randomised study. Does not report health-related quality of life. 

Pugh1999
325

 Inadequate reporting of confounders 

Puha2014
326

 Doesn’t meet protocol comparisons 

Ristiniemi2011
344

 Not pilon fracture specific 

Salmenkivi1999
359

 Not in English 

Watson2000
414

 Inadequate reporting of confounders 

Willet2008
419

 Cochrane protocol. 

Williams1998
420

  Does not meet protocol comparisons 

Williams2004
421

 All patients had external fixation with limited internal fixation. 

Wyrsch1996
425

 Not a proper RCT. Inadequate adjustment of confounders at baseline. 

Zeng2011
435

 No baseline characteristics (age included) 

J.4 Other  

J.4.1 Identifying vascular compromise 

Table 18: Studies excluded from the clinical review 

Reference Reason for exclusion 
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Reference Reason for exclusion 

Eastman2006
100

 Not extremity trauma. 

Fry1993
122

 No baseline characteristics. 

Levy2005
235

 Not a systematic review 

Lord1974
238

 Not a systematic review 

Maclean1964
245

 Only includes case reports 

Pieroni2009
315

 Not a systematic review 

Redmond2008
334

 Not a systematic review 

Romano2012
347

 Not a systematic review 

Rose1987
349

 27% had blunt injury – rest were penetrating.  No mention of fractures. 

Rose1988
350

 Not a diagnostic paper. 

J.4.2 Detecting compartment syndrome 

Table 19: Studies excluded from the clinical review 

Reference Reason for exclusion 

BROOKER1979
54

 Mixed population (extremity wounds) 

HANSEN2013
146

 Not RCT/diagnostic accuracy study 

KALYANI2011
201

 Systematic review (irrelevant inclusion criteria) 

MCQUEEN1996B
263

 Not RCT/No sensitivity or specificity data 

MITTLMEIER1991
270

 Not RCT/No sensitivity or specificity data 

OGUNLUSI2005A
298

 Not RCT/No sensitivity or specificity data 

OVRE1998
304

 Not RCT/No sensitivity or specificity data 

ROYLE1992
352

 Not RCT/diagnostic accuracy study 

SAIKIA2008
358

 Not RCT/No sensitivity or specificity data 

TRIFFITT1992
398

 Not RCT/No sensitivity or specificity data 

UPPAL1992
404

 Not RCT/No sensitivity or specificity data 

WHITNEY2014
417

 Not RCT/No sensitivity or specificity data 

J.4.3 Splinting of lower limb long bone fractures 

Table 20: Studies excluded from the clinical review 

Reference Reason for exclusion 

CHU2003
66

 Incorrect interventions: not box splint 

IRAJPOUR2012
189

 Incorrect interventions: not box splint 

LEMBO1975
231

 Study not in English 

PODESZWA2004
318

 Incorrect interventions: not box splint 

SHORT1984
367

 Incorrect interventions: not box splint 

THOMAS1981
393

 Incorrect interventions: not box splint 

J.4.4 Hip reduction 

Table 21: Studies excluded from the clinical review 

Reference Reason for exclusion 

Ashley, 1972 
19

 Review; references screened 
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Barquet, 1982 
31

 Inadequate adjustments for key confounders 

Barquet, 1982 
32

 Only some with open reduction and analysis not sub-grouped for these. 

Bergman, 1994 
40

 Unrelated to review question 

Bhandari, 2006 
44

 Dislocation reduction was closed; only fracture repair was open  

de Palma, 2014 
85

 No analysis of timing  

Dwyer, 2006 
99

 Inadequate adjustments for key confounders 

Epstein, 1974 
107

 Inadequate adjustments for key confounders 

Fordyce, 1971 
118

 Case report 

Herwig-Kempers, 1993 
162

 Unrelated to review question 

Hillyard, 2003 
165

 Unclear if reductions were open 

Hougaard, 1986 
177

 Only some with open reduction and analysis not sub-grouped for these. 

Jacob, 1987 
191

 Only some with open reduction and analysis not sub-grouped for these. 

Marchetti, 1996 
251

 Timing was <24 hours versus >24 hours 

McKee, 1998 
261

 Inadequate adjustments for key confounders 

Mehlman, 2000 
265

 Only some with open reduction and analysis not sub-grouped for these. 

Mehta, 2008 
266

 Inadequate adjustments for key confounders 

Moed, 2000 
274

 Dislocation reduction was closed; only fracture repair was open 

Moed, 2002 
275

 Dislocation reduction was closed; only fracture repair was open 

Morsy Drch, 2001 
280

 Dislocation reduction was closed; only fracture repair was open 

Rosenthal, 1979 
351

 Only some with open reduction and analysis not sub-grouped for these. 

Sahin, 2003 
357

 Only some with open reduction and analysis not sub-grouped for these. 

Sanders, 2010 
362

 Review; references screened 

Sturrock, 1899 
383

 Unrelated to review question; archaic 

Toni, 1985 
394

 Inadequate adjustments for key confounders 

Upadhyay, 1981 
403

 Timing not considered 

Vialle, 2005 
409

 Only some with open reduction and analysis not sub-grouped for these. 

Yang, 1991 
427

 Only some with open reduction and analysis not sub-grouped for these. 

Zha, 2013 
436

 Dislocation reduction was closed; only fracture repair was open 

J.4.5 Full-body CT 

Table 22: Studies excluded from the clinical review 

Reason for exclusion Reason for exclusion 

Beck 2012
38

 Review article but no RCT's included 

Caputo 2014
62

 Review article but no RCT's included 

Ptak 2001
324

 Retrospective study and does not include outcomes of interest 

Saltzherr 2009
361

 Correspondence article 

Van vugt 2012
406

 All studies included in the review were not RCT's 
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J.4.6 Documentation of open fracture wound photographs 

Table 23: Studies excluded from the clinical review 

Reference Reason for exclusion 

Solan MC, Calder JDF, Gibbons 
CER, Ricketts DM. 

373
 

Photographic wound 
documentation after open 
fracture. Injury, Int J care Injured 
2001; 32: 33-35 

Not relevant to review question 

J.4.7 Documentation of neurovascular compromise 

Table 24: Studies excluded from the clinical review 

Study Reason for exclusion 

Johnston-walker 2011
194

 Not primary research 

Mayne 2013
258

 No clinical outcomes linked to completeness of neurovascular 
documentation 

Wright 2007
424

 No clinical outcomes linked to completeness of documentation recording 
neurovascular compromise 

J.4.8 Information and support 

Table 25: Studies excluded from the clinical review 

Reference Reason for exclusion 

Aravind 2010
14

 No information themes 

Archibald 2003
15

 No information themes 

Atchison 2005
20

 

 

Not about patients’ thoughts and feelings about information desired. This 
paper concerned whether patients recalled being given specific 
information 

Azam 2011
21

 Non qualitative 

Bagely 2011
25

 Non qualitative 

Congdon 1994
70

 Hip fracture  

Elliot 2014
105

 Hip fracture 

Glenny 2013
125

 Hip fracture 

Hommel 2012
170

 Hip fracture 

Hossieny 2012
175

 Non qualitative 

Jariwala 2004
192

 Did not reveal participants’ feelings about information desired. 

Lam 2011
227

 Non qualitative 

Macleod 2005
246

 Hip fracture 

Malin Malmgren 2014
249

 Hip fracture 

Mayich 2013
257

 Non qualitative 

Meadows 2005
264

 Non-trauma population – fragility fractures 

Meredith 1993
267

 Non qualitative 

Modin 2009
273

 No information themes 

Nielsen 2013
287

 Non-trauma population – fragility fractures 

Olson 1990
301

 Spinal fractures 
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Reference Reason for exclusion 

O’Toole 2001
294

 Non qualitative 

Shyu 2010
368

 Non qualitative 

Toscan 2012
396

 Hip fracture 
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Appendix K: Excluded economic studies 

K.1 Pelvic fractures 

K.1.1 Pelvic imaging 

Table 26: Excluded studies 

Reference Reason for exclusion 

Feeney 2011
112

 This study was assessed as partially applicable with very serious 
limitations.  

It is a retrospective cost comparison looking at the savings involved if 
patients who are haemodynamically unstable and already having a CT are 
withheld a pelvic X-ray. The study is from a US perspective which is not 
particularly applicable to the UK setting. It does not include any health 
effects or downstream costs/consequences and is thus of limited 
usefulness. 

Barleben 2011
30

 This study was assessed as partially applicable with very serious 
limitations.  

It is a prospective cost comparison looking at the savings involved if an 
algorithm is used which outlines that patients who are undergoing a CT 
should only receive a pelvic X-ray if they fulfil certain 
haemodynamic/physiologic criteria. The study is from a US perspective 
which is not particularly applicable to the UK setting. It does not include 
quality of life and is thus of limited usefulness. 
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Appendix L: Cost analysis for open fractures 

L.1 Introduction 

L.1.1 Background 

A fracture that breaks through the skin is called an open fracture. There are different grades of open 
fracture defined by the Gustilo-Anderson fracture classification system, each of which depends on 
the level of tissue damage and whether there is a vascular injury that requires repair. Those with 
vascular compromise require emergency treatment to re-vascularise the limb and so are not relevant 
to the analysis for the timing of debridement.  For those who do not have vascular compromise, the 
main concern is that the wound can become infected. If this infection is only superficial then it can be 
treated easily with a course of antibiotics. However, if this infection becomes deep then the 
treatment may require a series of additional procedures which can greatly increase costs. There is 
also a risk that the limb would require amputation, which would have a further cost and quality of 
life impact. In some cases deep infection could even result in death. 

Treatment for open fractures has three main stages: debridement, fixation and soft tissue cover. 
Debridement, which is performed by an orthopaedic surgeon, involves cleaning the wound and 
removing any contaminated, unsalvageable or dead tissue. The timing of debridement is known to 
affect the risk of infection, and a clinical review (see chapter 6.7 of the complex fractures full 
guideline) was undertaken to identify to what extent early debridement can improve outcomes.  In 
some hospitals across the UK, debridement is performed with the support of a plastic surgeon. The 
presence of a plastic surgeon in theatre allows the orthopaedic surgeon to utilise the expert 
knowledge of the plastic surgeon regarding the quantity of soft tissue that can be removed while still 
allowing for a successful cover procedure to be performed once fixation is complete. The rationale 
for this is that without this expert input, the orthopaedic surgeon may be too cautious and try to 
preserve as much tissue as possible in order to aid the later cover procedure. However, this can lead 
to a higher risk of infection as some contaminated tissue may still remain. The presence of a plastic 
surgeon can therefore help to reduce this risk but comes with the additional staffing cost for the 
duration of the procedure.  

Fixation can involve one definitive procedure or it can be staged with an initial temporary fixator 
followed by later definitive fixation. These fixation procedures are performed by an orthopaedic 
surgeon and some form of fixation will occur immediately following debridement, whether it is 
definitive or temporary. Definitive fixation will only be delayed if a temporary fixator is applied 
immediately after debridement.  

After debridement and definitive fixation have been completed, the open wound needs to be closed 
and covered by the surrounding soft tissue. This cover procedure is performed by a plastic surgeon 
and can be done immediately after definitive fixation or it can be delayed. Depending on the extent 
of the tissue damage, either a local flap procedure or a longer free flap procedure maybe required; 
the need for which can only be determined following the initial debridement. Until soft tissue cover 
has been successfully achieved, there is a risk of acquiring infection. Therefore the timing of the 
intervention is important in order to reduce this risk and the risk of other adverse events that require 
costly treatment and can have long term quality of life implications. The optimal timing of soft tissue 
cover may require a service delivery change by increasing the number of surgery lists, that is, the 
number of theatre days dedicated to orthoplastic procedures each week. 
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L.1.1.1 Exploration of TARN 

Initially, a discrete event simulation model was planned, using the TARN database as a source of data 
to estimate the treatment effect of the interventions outlined above (see more detail on this in 
Appendix O:).The TARN database was explored primarily to find the effect of the timing of 
debridement, with and without the presence of a plastic surgeon, on the risk of deep infection and 
subsequent amputation as key outcomes. The analysis would also incorporate the number of theatre 
sessions the operations may take place in. In other words, this was attempting to inform the cost 
effectiveness of questions 1, 2 and 4 above. A brief overview of this model is provided below. 

The population will include adults and children with open fractures. The strategies included in the 
model can be seen in Table 27. 

Table 27: Proposed model strategies 

Procedure 
combination 

Theatre session 1 Theatre session 2 Theatre session 3 

Option 1 
A. Debridement 
B. Definitive fixation 
C. Definitive soft tissue 

cover 

NA NA 

Option 2 
A. Debridement 
B. Definitive fixation 

C. Definitive cover NA 

Option 3 
A. Debridement 
B. Temporary fixation 

 

C. Definitive fixation 
D. Definitive soft 

tissue cover 

NA 

Option 4 
A. Debridement 
B. Temporary fixation 

C. Definitive fixation D. Definitive soft 
tissue cover 

 
Other components of the strategies include: 

 The time of the initial debridement (<6 hours, 6-12 hours, 12-24 hours, >24 hours.) 

 The presence of a plastic surgeon at the initial debridement 

 
Outcomes included are: 

 Time to death 

 Time to deep infection 

 Flap failure 

 Amputation 

 Length of hospital stay 

 Number of unplanned operations (between debridement and cover) 

 Time to soft tissue cover 
 

Confounders that it felt should be adjusted for include: 

 Age 

 Grade of fracture (Gustilo Anderson) 

 Upper/lower limb  

 ISS 

 The type and timing of prophylactic antibiotics that are given. 

 Type of dressings used pre-debridement and post debridement. 

 Type of definitive fixation (Temporary fixation should always be external). 

 Method of soft tissue cover used (local flap or free flap). 

 Polytrauma 
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 Major Trauma Centre or Trauma Unit 
 

 

This model approach however was not developed further, after initial exploration of TARN for other 
guidelines on the trauma suite revealed that TARN data had limitations that deemed it not 
appropriate to use for our research purposes. For further detail on these limitations please see Major 
trauma economic model in appendix M of the major trauma guideline.  

In addition to these limitations, for the complex fracture guideline, TARN was not felt to be 
appropriate because of difficulties in analysing certain codes in the database. A key limitation of the 
TARN database is that there is no direct link between each specific injury code and the related 
procedure code. This makes it difficult to identify the time of debridement for a specific open 
fracture in a patient with polytrauma. Although a clinician may be able to identify the sequence of 
procedures when looking at the data for each individual, it is not feasible to do this for 25,000 
records and the computational coding cannot be adjusted to identify this accurately.  

Another key limitation is that some of the procedure codes are not specific enough. This makes it 
difficult to identify the indication for an amputation for instance. We were interested in amputations 
resulting from deep infection as an outcome of debridement, however, patients who had an 
amputation due to an unsalvageable limb, compartment syndrome or a vascular injury would also 
have the same amputation code. This means that the analysis cannot accurately assess the effect on 
the risk of amputation that the timing of debridement has. Furthermore, the severity of the infection 
is not clearly defined, as it is not specified whether the infection is deep or superficial. This also 
makes it difficult to accurately assess our important outcomes. 

The GDG thought a costing analysis would be helpful and alongside the limited clinical evidence 
identified would help them make a recommendation. The model was therefore downgraded to a 
costing analysis but was extended to look at the cost implications of the timing of definitive soft 
tissue cover also. The remainder of this appendix discusses the costing analyses that were 
undertaken. 

L.1.2 Overview of analyses 

The aim of this analysis is to inform the GDG of the cost implications for the open fracture questions 
that relate to the timing of the initial debridement, the provision of plastic surgery services for the 
initial debridement and the increase in the number of surgery lists made available for definitive soft 
tissue cover. Three separate analyses are presented in section L.2 to L.4 to help answer the questions 
outlined in section L.1.3 below.  

This analysis was intended to focus on issues of additional plastic surgery services and therefore will 
not specifically look at the costs of fixation. However, a costing comparing different numbers of 
theatre sessions is included in section L.4 to demonstrate the cost of performing procedures in either 
one or more stages. This captures the staff cost implications when fixation and/or soft tissue cover is 
staged, but the cost of metal implants and fixation devices is not included in this analysis.  

L.1.3 Questions and comparators relating to each analysis 

The first analysis in section L.2 will address the two questions below: 
 

1. What is the optimal timing of the initial debridement of open fractures? 
 
1. <6 hours 
2. 6 – 12 hours 
3. 12 – 24 hours 
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4. >24 hours 
 

2. Is the presence of an orthopaedic surgeon and plastic surgeon at the initial surgical excision and 
stabilisation of an open fracture clinically and cost effective? 

 
1. Orthopaedic and plastic surgeon present in theatre  
2. Only orthopaedic surgeon present in theatre 
 

The second analysis in section L.3 will address the question below: 

3. What is the most clinically and cost effective time to achieve definitive soft tissue cover in open 
fractures? 

 
1. Immediate 
2. 1 day 
3. 3 days 
4. 7 days 
5. >7 days 

The third analysis in section L.4 will address the trade-offs in staff time when fixation and/or cover is 
staged. This will help to inform the impact on cost for the question below and how that is affected by 
the presence of a plastic surgeon at debridement. 

4. Is the use of initial definitive fixation and cover more clinically and cost effective in the 
management of open fractures compared to with staged fixation and cover? 

L.1.4 Population 

The population assessed are patients presenting with an open fracture that requires plastic surgery 
to cover the open wound after initial procedures have been performed. 

L.2 Debridement cost analysis 

L.2.1 Methods 

The key cost impact for earlier debridement is that there will be an increased need for surgery during 
premium time, when theatre staff receive a higher rate of pay. For consultants, this is defined as 7pm 
until 7am on weekdays and all day on weekends and public holidays. Nurses and radiographers have 
different hours for premium time which are defined as 8pm until 6am on weekdays and all day 
Saturday. On Sundays and public holidays, a higher premium rate is paid for these staff. Registrars 
have a different arrangement as well and their premium time hours are from 7pm to 8am on 
weekdays and all day on weekends and public holidays. The salary enhancement for work performed 
in premium time will increase the cost of treatment for a proportion of patients when the time to 
debridement falls within this period. According to the clinical review, the outcomes of deep infection 
and amputation are reduced when debridement is performed earlier and so costs saved here could 
outweigh the cost of the increased salary for premium time work. Further detail on the times of 
premium time and the enhancement rates can be seen in Table 28 below. As the premium time 
bounds are slightly different for different staff, it was assumed for simplicity that no procedures 
would be performed during the hours where there is discrepancy between the premium and non-
premium times. 

Having a plastic surgeon at debridement adds another consultant and registrar salary to the theatre 
staffing with the out of hours enhancements as discussed above. The evidence suggests that there is 
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a reduction in the number of people acquiring a deep infection and subsequent amputation, so this 
costing will assess the net cost or cost saving when having a plastic surgeon present for debridement 
at each particular delay to debridement as outlined above. 

This costing will include the costs of the core theatre staff with the addition of the relevant surgeons 
where appropriate for the intervention. Enhancements to salaries will be added for a proportion of 
patients who would be expected to have debridement out of hours.  For the analyses including the 
presence of a plastic surgeon, additional time will be added for the plastic surgeon to travel in for a 
call out when procedures are performed in premium time. Only the salary of the plastic surgeon is 
included in this extra hour for travel. No travel expenses have been calculated. 

The costs of the adverse events, based on the risks identified from the clinical review, will also be 
calculated and combined with the staffing costs to give an overall cost for each strategy. 

L.2.2 Inputs 

L.2.2.1 Resource use and unit costs of interventions 

The costs incurred by the core non-surgical staff required to be available in theatre are presented in 
Table 29 below. These have been calculated from data published in PSSRU 2014.80 The costs below 
include oncosts; qualifications; staff and non-staff overheads; and capital overheads. Oncosts were 
calculated using the HMRC national insurance rates for 2014-2015166 and a superannuation rate 
provided by PSSRU80. The total hourly cost of staff presented in PSSRU 201480 did not match the sum 
of the individual components presented and so we have used our own calculations in this analysis. 
However, the values we calculated were very similar to those presented in the publication. 

The third and fourth columns of Table 29 show the hourly costs during premium time. As there is a 
further enhanced rate is paid to nurses on Sundays and public holidays and so this is separated into 
another column.   

Table 28: Enhancement multiplier for premium time pay 

Staff role 

Premium time 
excluding 
Sundays and 
public holidays 

Sundays and 
public 
holidays Source Comments 

Consultant 1.33 1.33 Consultant contract.
284

  

Registrar 1.50 1.50 Banding of junior 
doctors.

283
 

Assumed to be band 
1A to account for the 
additional cost of 
unsocial hours. 

Nurse and allied 
professionals 
(Agenda for 
Change bands 
4-9) 

1.30 1.60 Agenda for Change service 
handbook. 

285
 

Applies to all core 
theatre staff outlined 
in Table 29 below. 

    

Table 29: Core theatre staff costs 

Staff role 
Cost per hour 
(normal hours) 

Cost per hour 
(premium time 
excluding 
Sundays and 
public holidays) 

Cost per hour 
(Sundays and 
public holidays) 

SourceError! Reference 
ource not found. 
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Staff role 
Cost per hour 
(normal hours) 

Cost per hour 
(premium time 
excluding 
Sundays and 
public holidays) 

Cost per hour 
(Sundays and 
public holidays) 

SourceError! Reference 
ource not found. 

Consultant 
anaesthetist 

£139 £159 £159 Consultant medical, 
calculated using PSSRU 2014 
data 

Operating 
department 
practitioner 

£49 £57 £65 Senior staff nurse, calculated 
using PSSRU 2014 data 

Scrub nurse £49 £57 £65 Senior staff nurse, calculated 
using PSSRU 2014 data 

Running nurse £41 £47 £54 Staff nurse, calculated using 
PSSRU 2014 data 

Radiographer £38 £44 £50 Hospital radiograph, 
calculated using PSSRU 2014 
data 

Recovery nurse £41 £47 £54 Staff nurse, calculated using 
PSSRU 2014 data 

TOTAL £358 £412 £446  

 
 

The hourly cost of consultant surgeons during different hours is shown in Table 30 below. This cost 
applies to both orthopaedic and plastic surgeons and includes oncosts, qualifications and overheads.  

Table 30: Surgeon staff costs 

Cost per hour Normal hours 
Premium time including 
Sundays and public holidays 

Consultant orthopaedic or plastic 
surgeon 

£140 £161 

Orthopaedic and plastic registrars £58 £72 

Source: PSSRU 2014 
Costs Include oncosts, qualifications and overheads 

The hourly cost of theatre staffing is shown in Table 31 below. This table shows the total cost for the 
core staff alone as well as with  orthopaedic surgeons and with both orthopaedic surgeons and 
plastic surgeons (it was GDG opinion that there would be a consultant and registrar of each 
specialty), based on the costs reported in the two tables above. These are also shown for premium 
rate times as well as non-premium rate times. 

Table 31: Theatre costs per hour 

Input Normal hours 

Premium time 
excluding Sundays and 

public holidays 
Sundays and public 

holidays 

Core theatre staff £358 £412 £446 

Core staff plus 
orthopaedicsa 

£556 £644 £678 

Core staff plus 
orthopaedics and plastics(a) 

£754 £877 £911 
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Costs Include oncosts, qualifications and overheads 
(a) Orthopaedics and plastics includes one consultant and one registrar for each specialty. 

The duration of debridement (including call out time) and the proportion of people who are expected 
to be debrided during premium time are shown in Table 32 below. These values were estimated by 
the GDG. A sensitivity analysis will assess how robust the overall costs are to changes in these values. 

Table 32: Duration of debridement and proportion requiring out of hours 

 Timing of debridement from injury 

 6 hours 12 hours 24 hours >24 hours 

Duration of debridement (hours)(a) 3 

Additional hours for call out 1 

Proportion of injuries debrided in 
premium time (exc. Sunday) 

0.2 0.1 0 0 

Proportion of injuries debrided on a 
Sunday 

0.1 0.05 0 0 

(a) Includes an hour to perform debridement and two hours of theatre preparation and cleaning time 

L.2.2.2 Resource use and unit costs of complications 

Unit costs for the treatment for deep infection and amputation are shown in Table 33 below.  

Table 33: Complications treatment costs 

Outcome Value Source 

Treatment of deep infection £20,000 GDG assumption 

Amputation procedure £8,589 
NHS Reference Costs 2013-2014 

(HRG code = YQ22B) 

The ranges for the cost of two common types of prosthesis are shown in Table 34 below. To estimate 
the expected cost of prosthesis, the midpoints for each range were calculated and the midpoint of 
the two midpoints was used as the base case value. Only leg prostheses were used due to an 
expected higher demand for leg prostheses and the importance of providing prostheses for 
ambulatory support. 

Table 34: Prosthesis costs 

Outcome Mean Value Source 

Transtibial prosthesis £2,350 

GDG member contact – based on 
the midpoint between the lower 
and upper range limits (£700 and 

£4,000) 

Transfemoral prosthesis £4,750 

GDG member contact – based on 
the midpoint between the lower 
and upper range limits (£1,500 

and £8,000) 

Total average £3,550  
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The number of prosthetics required, the lifetime of each prosthetic limb and the expected life years 
remaining for the patient is shown in Table 35 below. These values were used to calculate the 
expected number of prosthetic limbs required over a lifetime and the overall lifetime cost of these. 
These values are also presented in Table 35. 

Table 35: Prosthetics resource use and lifetime cost 

Outcome Value Source 

Number of different prosthetics 
required at any time 

2 GDG member contact 

Life of prosthetics (years) 3 GDG member contact 

Mean age at injury 45 GDG assumption 

Mean age of death 83 Office for National Statistics296 

Life years remaining for patient 38 Calculated from above 

Expected number of prosthetics 
over a lifetime 

25 Calculated from above 

Lifetime prosthetics cost £92,300 Calculated from above 

Discounted lifetime prosthetics 
cost(a) 

£53,479 Calculated from above 

(a) Discounted at an annual rate of 3.5% 

L.2.2.3 Clinical effectiveness data 

Table 36: Baseline data and odds ratios for deep infection 

Inputs from clinical review Data Source 

Baseline risk of deep infection (< 6 hours) 5.56% Noumi 2005288 

Odds ratio for deep infection per hour of delay 1.033 Hull 2014182 

The baseline risk of deep infection from Noumi et al.288 was converted into a baseline odds value (see 
section L.2.3 for more detail on computations). The odds ratio from Hull et al.182 (cross ref to review) 
was then applied to calculate the odds of infection for each debridement time. These odds values 
were then converted back into risks for each time point. These are shown in Table 37 below. 

Table 37: Risks for deep infection 

Duration of delay to debridement Risk of deep infection 

6 hours 5.56% 

12 hours 6.75% 

24 hours 9.97% 

48 hours 21.7% 
Risks were converted from odds calculated using the odds ratio from Hull 2014 and the baseline risk from Noumi 2005 in the 
table above.  

The risk of amputation following deep infection is shown in Table 38 below. This value is multiplied 
by the risk of deep infection at the relevant time point to calculate the risk of amputation for the 
open fracture population. 

Table 38: Risks for amputation 

Input Risk of deep infection Source 
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Input Risk of deep infection Source 

Risk of amputation given deep 
infection has occurred 

10% GDG assumption 

With the presence of a plastic surgeon, the risk of deep infection at each time points is reduced by 
62%. (see Table 39). There is no difference in the risk of amputation if a plastic surgeon is present 
because this is only dependent on the risk of deep infection. 

Table 39: Relative risks with a plastic surgeon present 

Outcome Data Source 

Deep infection 0.38 Naique 2006282 

Amputation N/A GDG assumption 

L.2.3 Computations 

1. The total costs for each debridement strategy were calculated as illustrated by the equation 
below: 

 

𝑻𝒊,𝒋 = (𝑪𝑶𝑹𝑬𝑵𝒓𝒊,𝑵 + 𝑪𝑶𝑹𝑬𝑷𝒓𝒊,𝑷 + 𝑪𝑶𝑹𝑬𝑺𝒓𝒊,𝑺 + 𝑶𝑹𝑻𝑯𝑵𝒓𝒊,𝑵 + 𝑶𝑹𝑻𝑯𝑷𝒓𝒊,𝑷 + 𝑶𝑹𝑻𝑯𝑺𝒓𝒊,𝑺). 𝒕𝒅𝒆𝒃

+ 𝒋. (𝑷𝑳𝑨𝑺𝑻𝑵𝒓𝒊.𝑵 + 𝑷𝑳𝑨𝑺𝑻𝑷𝒓𝒊,𝑷 + 𝑷𝑳𝑨𝑺𝑻𝑺𝒓𝒊,𝑺). (𝒕𝒅𝒆𝒃 + 𝒕𝒄𝒂𝒍𝒍) 

 

Where 𝒊 represents the time of debridement strategy and 𝒋 represents the plastic surgeon strategy 
(𝒋 ∈ {𝟎 =  𝐧𝐨𝐭 𝐩𝐫𝐞𝐬𝐞𝐧𝐭, 𝟏 =  𝐩𝐫𝐞𝐬𝐞𝐧𝐭}) 

𝑪𝑶𝑹𝑬, 𝑶𝑹𝑻𝑯 and 𝑷𝑳𝑨𝑺𝑻 denote the cost per hour of the core staff, orthopaedics and plastics 
respectively. The subscripts 𝑵, 𝑷 and 𝑺 specify whether these costs are in normal hours, premium 
time (excluding Sundays and public holidays) or Sundays and public holidays respectively. 

The factors 𝒓𝒊,𝑵, 𝒓𝒊,𝑷 and 𝒓𝒊,𝑺 represent the probabilities that debridement is performed in normal 
hours, premium time (excluding Sundays and public holidays), and Sundays (and public holidays) 
respectively. 

The factors 𝒕𝒅𝒆𝒃 and 𝒕𝒄𝒂𝒍𝒍 represent the duration that the costs are applied to i.e. the duration of 
debridement and the duration of additional travel time given for a plastic surgeon call out 
respectively. 

 

2. Odds were converted into risks using the equation in the example below: 

 

𝑎 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑒𝑣𝑒𝑛𝑡 

𝑏 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑒𝑣𝑒𝑛𝑡 

𝑂𝐷𝐷𝑆 =  
𝑎

𝑏
 , 𝑅𝐼𝑆𝐾 =  

𝑎

𝑎 + 𝑏
 

𝑅𝐼𝑆𝐾 =  
𝑂𝐷𝐷𝑆

1 + 𝑂𝐷𝐷𝑆
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L.2.4 Sensitivity analyses 

A number of sensitivity analyses were undertaken to test the robustness of the results.  

SA1: Relative risk of deep infection for the presence of a plastic surgeon threshold analysis 

This analysis is a threshold analysis, meaning a value is altered until a certain condition is met. In this 
case, the relative risk of deep infection with a plastic surgeon present is altered until the total costs 
of the less than 6 hour debridement strategy, with and without a plastic surgeon present, are equal.  

This was only calculated for debridement at less than 6 hours. The threshold value will increase for 
the later strategies due to the increasing risk of deep infection and reduced out of hours costs i.e. a 
smaller proportion of the larger number of infections is required to be reduced to cover the 
additional staffing cost of the plastic surgeons. 

SA2: Increasing the proportion of patients whose debridement is performed in premium time by 
50% 

This analysis multiplies the proportion of patients expected to be debrided out of hours by 1.5 and 
assesses the effect on the overall costs. 

SA3: Baseline risk of deep infection threshold analysis 

This analysis is similar to SA1 but the value that is varied to find the threshold is the risk of deep 
infection. This threshold has only been calculated for the point where debridement at less than 6 
hours becomes equally costly whether plastics are present or not. This risk will change the risks for 
each time of debridement when the odds ratio is applied. 

SA4: Reducing the odds ratio of deep infection per hour of delay to debridement to 1.01 

This analysis reduces the odds ratio of delay to debridement to 1.01, from the base case analysis 
value of 1.033, and assesses the effect of the overall costs. 

SA5: Increasing prosthetic cost to £6,000 

This analysis increases the cost of a single prosthesis from £3,550 to £6,000 and assesses the effect 
on the overall costs. 

SA6: Cost of deep infection threshold analysis 

This analysis is similar to SA1 but the value that is varied to find the threshold is the cost of deep 
infection. This threshold has only been calculated for the point where debridement at less than 6 
hours becomes equally costly whether plastics are present or not. 

L.2.5 Results 

L.2.5.1 Base case analysis 

The results of the cost analysis are reported in Table 40 for the analysis without the plastic surgeon 
at debridement and Table 41 including plastics at debridement. 

Table 40: Cost of debridement without plastic surgeon present 

 Timing of debridement 

 <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Theatre staff cost £1,758 £1,713 £1,668 £1,668 
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 Timing of debridement 

 <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Complications cost £1,379 £1,657 £2,375 £4,677 

TOTAL £3,137 £3,370 £4,043 £6,345 

Table 41: Cost of debridement with plastic surgeon present 

 Timing of debridement 

 <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Theatre staff cost £2,453 £2,358 £2,263 £2,263 

Complications cost £524 £630 £903 £1,777 

TOTAL £2,978 £2,988 £3,166 £4,041 

As can be seen from above, the results show that at each time point, it is cheaper to have a plastic 
surgeon present at each time point because the increase in the plastic surgeon cost is more than 
covered by the savings from the reduced adverse events. However, both with and without a plastic 
surgeon, as the time to debridement increases, there is an increasing cost due to the increasing risks 
of adverse events. 

L.2.5.2 Sensitivity analyses 

SA1: Relative risk of deep infection for the presence of a plastic surgeon threshold analysis 

The threshold for the relative risk of deep infection for the presence of a plastic surgeon at which the 
two strategies become cost neutral for early debridement (< 6 hours) is 0.50 compared to the base 
case value of 0.38 as shown in Table 39 above. 

SA2: Increasing the proportion of patients whose debridement is performed in premium time by 
50% 

Table 42: Results of SA2 

Overall cost <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Without plastics £3,182 £3,393 £4,043 £6,345 

With plastics £3,073 £3,036 £3,166 £4,041 

When a plastic surgeon is present, the cheapest strategy has now become 6 to 12 hours delay to 
debridement. However, the difference between this strategy and debridement within 6 hours is very 
small. 

SA3: Baseline risk of deep infection threshold analysis 

The presence of a plastic surgeon becomes cost neutral for early debridement (<6 hours) when the 
baseline risk of deep infection is decreased to 4.28% compared to the base case value of 5.56% as 
shown in Table 37 above. The resulting risks for  the othertimes of debridement are shown in Table 
43 below. These are based on the new baseline risk and the original relative risk for each hour of 
delay to debridement. 
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Table 43: Updated risks for deep infection 

Duration of delay to debridement Risk of deep infection 

6 hours 4.28% 

12 hours 5.15% 

24 hours 7.43% 

48 hours 14.88% 
Risks were converted from odds calculated using the odds ratio from Hull 2014 and the baseline risk from Noumi 2005 in the 
table above.  

SA4: Reducing the odds ratio of deep infection per hour of delay to debridement to 1.01 

Table 44: Results of SA4 

Overall cost <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Without plastics £3,137 £3,173 £3,301 £3,708 

With plastics £2,978 £2,913 £2,884 £3,038 

This has substantially reduced the costs of later debridement (>24 hours) without a plastic surgeon 
because the risks of deep infection were particularly high for this group. Overall for debridement 
later than 6 hours, the costs have decreased due to a lower risk of infection and therefore 
amputation. The costs without the presence of a plastic surgeon are now not as high compared to a 
plastic surgeon being present. 

SA5: Increasing prosthetic cost to £6,000 

Table 45: Results of SA5 

Overall cost <6 hours 6 to 12 hours 12 to 24 hours >24 hours 

Without plastics £3,331 £3,604 £4,378 £7,004 

With plastics £3,051 £3,077 £3,293 £4,291 

As the lifetime costs of prosthetics is a particularly costly downstream resource, an increase in the 
costs of this will have an impact on the results because it increases the adverse event costs. 
However, the savings from reducing the adverse events still outweigh the staff costs from having a 
plastic surgeon present.  

SA6: Threshold analysis for the cost of deep infection treatment 

The threshold for the cost of deep infection treatment, at which the presence of a plastic surgeon 
becomes equally costly as without, for debridement at less than 6 hours, is £15,107 compared to the 
base case value of £20,000. Therefore, even if the base case estimate of £20,000 is an overestimate, 
the presence of a plastic surgeon at early debridement is still likely to be cheaper than without a 
plastic surgeon. 

L.2.6 Discussion 

L.2.6.1 Summary of results 

The results of this cost analysis show that the costs of earlier debridement due to increased out of 
hours surgery are small in comparison to the costs saved from the complications avoided. This is also 
the case with the presence of a plastic surgeon. The additional cost of adding a plastic surgeon along 
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with an additional registrar is far outweighed by the costs saved from complications avoided by 
having the expertise of the plastic surgeon available in theatre. 

SA1 shows that the relative risk of deep infection would have to go up by 0.12 for the presence of a 
plastic surgeon to have an equal cost to early debridement without plastics. This is a fairly large 
increase from 0.38, however, 0.5 is still within the lower end of the confidence interval around this 
parameter, please see section L.2.6.2  for further discussion on this. -+ 

SA2 shows that increasing the proportion of patients who will have debridement performed out of 
hours by 50% makes the 6 to 12 hour strategy slightly cheaper than debridement at less than 6 
hours, when a plastic surgeon is present. This minimal difference is likely to be outweighed by the 
health related quality of life benefits from reducing deep infections and amputations and so 
debridement in less than 6 hours with a plastic surgeon present is still likely to remain cost effective. 

SA3 shows that the risk of deep infection for debridement in less than 6 hours has to reduce from 
5.56% to 4.28% to make the presence of a plastic surgeon equally costly to without plastics for 
debridement at that time. This is only a small change in absolute risk but the base case value is fairly 
small to begin with and so proportionately it is larger than it may appear. 

SA4 shows a similar result to SA2 with debridement at 6 to 12 hours becoming slightly cheaper than 
less than 6 hours when the plastic surgeon is present. Again, this difference in cost is not large and so 
taking health related quality of life into account is likely to still favour debridement at less than 6 
hours with a plastic surgeon present. 

SA5 showed that the overall results were robust to increasing the cost of a prosthetic, as 
debridement in less than 6 hours with a plastic surgeon present remained the cheapest option. 

SA6 showed than the cost of deep infection would have to reduce by almost £5,000 for the presence 
of a plastic surgeon to be cost neutral for debridement at less than 6 hours. This shows the overall 
costs are fairly robust to this variable and that the overall conclusions remain. 

L.2.6.2 Limitations and interpretation 

This analysis only considers the key cost impacts for the debridement of open fractures. It does not 
explicitly evaluate the health related quality of life implications relating to deep infection and 
amputationand no mortality has been assumed post injury. 

Although the key costs have been included, there are some costs that were difficult to accurately 
evaluate such as the ongoing cost of rehabilitation including physiotherapy and the support required 
for patients to become accustomed with a prosthetic limb. Also, further downstream resource use 
such as potential re-operations for amputees has not been included. However, had these costs been 
included, they are likely to favour the presence of a plastic surgeon where the risks of adverse events 
are reduced, and also favour earlier debridement where these risks are smaller. 

The data included for the relative risk of deep infection when the plastic surgeon is present is from a 
very low quality study282. This was a key parameter in the analysis; however it was subject to a 
threshold analysis to find the value at which the strategy becomes cost neutral. It is important to 
note that this parameter had a large confidence interval (0.047 – 3.037) and therefore the RR used in 
the analysis and in turn the impact on results is uncertain. However, it was felt by the clinical experts 
that there are costs and benefits that have not been taken account of in this analysis such as; the 
resource use associated with infection, and the detriment to quality of life. Therefore, this relative 
risk could increase further, resulting in a more costly approach if the plastic surgeon is present, yet 
still remain a cost effective strategy. 



 

 

Complex fractures: Appendices I-P 
Cost analysis for open fractures 

National Clinical Guideline Centre, 2015 
59 

No probabilistic analysis has been undertaken as this is a simple cost analysis with a small number of 
parameters. However, a range of deterministic sensitivity analyses have been performed to assess 
any uncertainty in the inputs. 

No data was found for length of hospital stay and so has not been included in the analysis. However, 
this is thought to increase for those with deep infection and so is likely to favour earlier debridement 
with a plastic surgeon present. 

L.3 Soft tissue cover cost analysis 

L.3.1 Methods 

To provide definitive soft tissue cover within a specified time requires the availability of a plastic 
surgeon within the specified time. Soft tissue cover procedures are lengthy and so it is not 
appropriate for them to be performed by an on-call surgeon. Therefore the cost implications will be 
assessed by evaluating the cost of additional trauma surgery lists each week to allow for the surgery 
within a specific timeframe. It is assumed in this analysis that the surgery lists are only used for 
patients with open fractures who require plastic surgery. There may, of course, be other patients 
who can benefit from these additional resources and so the results presented are likely to 
overestimate the cost per patient and underestimate the overall clinical benefits. This is considered 
further in the discussion of the results and the conclusion. 

The costing analysis for this question will include the core theatre staff, an orthopaedic surgeon and 
a plastic surgeon. Deep infection, amputation (including prosthetics) and length of hospital stay will 
also be calculated based on the risks from the clinical review, and these will be combined with the 
staff costs to give an overall cost for each intervention. 

The average cost per patient will be presented assuming that all patients who require plastic surgery 
for definitive soft tissue cover will be transported to the nearest Major Trauma Centre where these 
skills are available. 

L.3.2 Epidemiology 

Table 46: Open fractures requiring plastic surgery 

 Data Source 

Annual incidence (per 100,000 population) 5.16 BOA/BAPS report98 

Population of England (millions) 53.0 
2011 Census, Office for National 
Statistics1 

Expected number in England per year 2,779 Calculated from above 

Number of MTCs in England 26 NHS Major Trauma Centres Map2 

Expected number of fractures per MTC per year 105 Calculated from above 

L.3.3 Inputs 

L.3.3.1 Resource use and unit costs 

The same resource use and unit costs presented in sections L.2.2.1 and (a) were used for this 
analysis. These values were used to calculate the cost of a theatre list as described in Table 47. The 
number of lists required each week to meet the each timing of cover strategy are given in Table 48 
below shows the number of surgery lists required each week to facilitate soft tissue cover within a 
certain number of days as per the interventions listed in our review questions. 



 

 

Complex fractures: Appendices I-P 
Cost analysis for open fractures 

National Clinical Guideline Centre, 2015 
60 

Table 48 below. 

Table 47: Theatre list costs 

Input Data 

Cost of theatre staff per hour(a) £754 

Number of hours per theatre list 8 

Cost per theatre list £6,035 

Annual cost (for each theatre list per week) £313,841 

(a) Calculated in the debridement analysis in Table 31. 
 

Table 48 below shows the number of surgery lists required each week to facilitate soft tissue cover 
within a certain number of days as per the interventions listed in our review questions. 

Table 48: Number of lists required 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

 

L.3.3.2 Clinical effectiveness data 

Clinical data on risk of deep infection associated with the delay to soft tissue cover procedure were 
obtained from the systematic review conducted for this guideline (Section 6.9 in the full guideline). 
The main data used for this analysis are reported in the Table below.   

Table 49: Risks of deep infection by delay to cover 

Delay Risk Source 

≤ 3 days 4.17% Liu 2012237 

4 to 7 days 7.69% Liu 2012237 

>7 days 21.4% Liu 2012237 
 

Based on the data reported in Liu 2012, to estimate the risk of deep infection per day, a line of best 
fit was fitted using the midpoints of the ranges used in the study (more detail on this can be found in 
section L.3.4). The obtained risk estimates are reported in the table below. 

Table 50: Risks of deep infection by delay to cover (estimated from line of best fit)  

Delay to cover Risk Source 

1 day 3.33% Estimate based on Liu 2012237 data 

2 days 4.39% Estimate based on Liu 2012237 data 

3 days 5.45% Estimate based on Liu 2012237 data 

4 days 6.51% Estimate based on Liu 2012237 data 

7 days 9.68% Estimate based on Liu 2012237 data 

Similarly to the previous analysis, a proportion of patients experiencing deep infection would also 
have amputation. The same data used in the previous analysis was applied. 
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From the systematic review conducted for this guideline, we also obtained data on the length of stay 
associated with the delay to the soft tissue cover procedure {CROSS REFER TO SYST REVIEW}. The 
main data used for this analysis are reported in the tables below.   

Table 51: Length of stay by delay to cover 

Delay Data Source 

≤ 3 days 20.0 days Liu 2012237 

4 to 7 days 24.8 days Liu 2012237 

>7 days 36.2 days Liu 2012237 

 
Based on the data reported in Liu 2012, to estimate the average length of stay per day of delay, a line 
of best fit was fitted using the midpoints of the ranges used in the study (more detail on this can be 
found in section L.3.4). The obtained length of stay estimates are reported in the table below. 

Table 52: Length of stay by delay to cover (estimated from line of best fit)  

Delay Data Source 

1 day 19.9 days Estimate based on Liu 2012237 data 

2 days 20.9 days Estimate based on Liu 2012237 data 

3 days 21.9 days Estimate based on Liu 2012237 data 

4 days 22.8 days Estimate based on Liu 2012237 data 

7 days 25.7 days Estimate based on Liu 2012237 data 

L.3.4 Computations 

The risk of complications and length of hospital stay for each day of delay was estimated by fitting a 
line of best fit through the midpoints of the ranges given in the studies. The best fit was achieved by 
using the Solver package in Microsoft Excel to minimise the square of the errors between the 
midpoints and the line while varying the gradient and constant term of the line. 

The total cost per patient for each strategy was calculated as: 

Cost per patient strategy x = Nlist x * Cost(7days) + CostComplications * P Complicationx + CostLoS * LoSx 

Where: 

Nlist x is the number of lists required for strategy x  

Cost(7days) is the cost of lists per patient for the strategy ‘7 days’ 

CostComplications is the cost of complications 

P Complicationx is the probability of complications for strategy x 

CostLoS is the cost per day of hospital stay 

and LoSx is the LoS for strategy x. 

 

L.3.5 Sensitivity analyses 

A number of sensitivity analyses were undertaken to test the robustness of the results.  
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SA1: Risk of amputation for those with deep infection increased to 50% 

This analysis increases the risk of amputation to 50% of those who have deep infection and assess 
the effect on the overall results. 

SA2: Increasing cost of prosthetics to £6,000 

This analysis increases the cost of prosthetics to £6,000 and assesses the effect on the overall results. 

SA3: Reducing the cost of deep infection to £15,000 

This analysis reduces the cost of deep infection to £15,000 and assesses the effect on the overall 
results. 

 

L.3.6 Results 

L.3.6.1 Base case analysis 

Table 53: Theatre list costs on a population level 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per year £2,196,889 £1,255,365 £941,524 £627,682 £313,841 

Cost of outcomes per 
year 

£663,471 £720,332 £777,194 £834,056 £1,004,642 

Total cost £2,860,359 £1,975,697 £1,718,718 £1,461,739 £1,318,483 

Table 54: Theatre list costs per patient 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per 
person 

£20,900 £11,943 £8,957 £5,971 £2,986 

Cost of outcomes per 
person 

£6,312 £6,853 £7,394 £7,935 £9,558 

Total cost £27,212 £18,796 £16,351 £13,906 £12,543 

The results above show that the more theatre lists that are provided, the more this will cost overall. 
Although this also reduces the cost of adverse events by providing cover quicker, the increased cost 
of additional lists is higher than the cost savings from reduced adverse events. 

L.3.6.2 Sensitivity analyses 

SA1: Risk of amputation for those with deep infection increased to 50% 

Table 55: Results of SA1 on a population level 

Time to cover (days) 1 2 3 4 7 
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Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per year £2,196,889 £1,255,365 £941,524 £627,682 £313,841 

Cost of outcomes per 
year 

£750,412 £834,904 £919,397 £1,003,889 £1,257,367 

Total cost £2,947,300 £2,090,269 £1,860,921 £1,631,572 £1,571,208 

Table 56: Results of SA1 per patient 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per 
person 

£20,900 £11,943 £8,957 £5,971 £2,986 

Cost of outcomes per 
person 

£7,139 £7,943 £8,747 £9,550 £11,962 

Total cost £28,039 £19,886 £17,704 £15,522 £14,948 

The cost of outcomes has increased as the number of amputations has increased. The increase is 
larger for later time points. 

SA2: Increasing cost of prosthetics to £6,000 

Table 57: Results of SA2 on a population level 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per year £2,196,889 £1,255,365 £941,524 £627,682 £313,841 

Cost of outcomes per 
year 

£676,395 £737,365 £798,334 £859,304 £1,042,212 

Total cost £2,873,284 £1,992,730 £1,739,858 £1,486,986 £1,356,053 

Table 58: Results of SA2 per patient 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per 
person 

£20,900 £11,943 £8,957 £5,971 £2,986 

Cost of outcomes per 
person 

£6,435 £7,015 £7,595 £8,175 £9,915 

Total cost £27,335 £18,958 £16,552 £14,146 £12,901 
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SA3: Reducing the cost of deep infection to £15,000 

Table 59: Results of SA3 on a population level 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per year £2,196,889 £1,255,365 £941,524 £627,682 £313,841 

Cost of outcomes per 
year 

£645,961 £697,258 £748,556 £799,853 £953,744 

Total cost £2,842,850 £1,952,623 £1,690,079 £1,427,535 £1,267,586 

Table 60: Results of SA3 per patient 

Time to cover (days) 1 2 3 4 7 

Number of lists 
needed per week 

7 4 3 2 1 

Cost of list(s) per 
person 

£20,900 £11,943 £8,957 £5,971 £2,986 

Cost of outcomes per 
person 

£6,145 £6,633 £7,121 £7,609 £9,073 

Total cost £27,045 £18,576 £16,078 £13,581 £12,059 

 

L.3.7 Discussion 

L.3.7.1 Summary of results 

The results showed that the cost of providing an 8 hour orthoplastic theatre list is estimated to be 
£6,035. The GDG believed that current practice was to have two dedicated theatre lists per week, 
which would cost an estimated £627,682 per year. This can only guarantee soft tissue cover within 
four days and the estimated complication cost for this is £834,056 per year. Increasing the number of 
lists to three per week at an annual cost of £941,524 is estimated to reduce the cost of complications 
to £777,194. Hence, the overall annual costs for two and three lists per week are £1,461,739 and 
£1,718,718 respectively. There is, therefore, an increase in costs overall for performing soft tissue 
cover within 72 hours but this needs to be considered along with the health related quality of life 
benefits that come with the reduction in complications. 

The analysis estimated the mean number of patients who present to a major trauma centre (either 
directly or indirectly) with an open fracture requiring plastic surgery as 105. On the assumption that 
these surgery lists will only be used for these patients, the estimated cost per patient for two lists 
and three lists per week respectively would be £13,906 and £16,351; an increase of £2,445 per 
patient for the additional list. This would require a mean increase in QALYs per patient of 0.12 in 
order to be cost effective. Over the estimated life years remaining of 38 years that was used in the 
model, this equates to a mean increase in utility of 0.003 for the duration of that period. Also taking 
into account the fact that this is based on assuming that staff are only working when a patient 
arrives, this is a conservative estimate. In reality, the staff can perform other elective surgical work 
that can be cancelled at short notice to accommodate any emergency arrivals. Therefore additional 
lists can be of benefit to other patient groups, which have not been considered here, thus cost 
effectiveness of additional lists may be underestimated. Increasing the number of lists per week to 
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four would add an additional £2,445 to the overall cost and therefore require an additional 0.12 
QALYs in order to be cost effective. Providing a list every day would cost an additional £8,469 per 
person compared to four lists per week and this would require an additional 0.42 QALYs in order to 
be cost effective in comparison to four lists a week. 

The results remained robust to changes in all sensitivity analyses undertaken and the conclusions did 
not change. 

L.3.7.2 Limitations and interpretation 

The evidence of risks for timing of cover is based on free flaps for people with Gustilo-Anderson 
grade 3 fractures and so may overestimate the risks for the whole population. 

This analysis assumes that all patients have the delay to cover specified in our review protocol. In 
reality, some patients will arrive at a time that allows for earlier treatment and so this will 
overestimate the risks. This applies to all strategies; however there is less variability possible for the 
earlier strategies i.e. with a list every day the patient can be delayed between 0 and 24 hours 
depending on their arrival time and for a list every 3 days a patient could be delayed between 0 and 
72 hours depending on their arrival time. Assuming that they are delayed for the maximum time may 
slightly favour the earlier strategy. 

L.4 Multiple theatre sessions cost analysis 

L.4.1 Methods 

The three main types of surgical procedure performed on patients with an open fracture 
(debridement, fixation and cover) can be performed in one theatre session or across two or three. 
The first session is always debridement and an initial fixation (temporary or definitive) but a later 
second session can be used to perform definitive fixation and cover if only temporary fixation was 
used initially and a third session can be used to perform definitive cover at a later time. The use of 
multiple theatre sessions increases the time needed for preparation and so increases the costs. 
However, if the soft tissue cover procedure is performed in the same session following fixation, then 
there is an inefficient use of the plastic surgeon that is made available for the entire theatre session 
but is only needed for part of it. This is because the plastic surgeon has to do the final procedure for 
soft tissue cover as soon as the orthopaedic surgeon has completed the definitive fixation. The 
plastic surgeon cannot therefore perform any other work in the time before this procedure in case 
the work takes longer than anticipated. 

This cost analysis will evaluate these trade-offs together to assess whether the inefficient use of the 
plastic surgeons time could actually be cost saving. It is based on the assumed durations of the 
procedures and preparation of the GDG and uses the staff costs as presented previously. No clinical 
outcomes are included in this analysis. 

  

L.4.2 Inputs 

L.4.2.1 Resource use and unit costs 

The same resource use and unit costs presented in section L.2.2.1 were used for this analysis to cost 
surgery time during normal hours. The duration of each procedure performed for an open fracture is 
shown in Table 61 below. 
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Table 61: Duration of procedures 

Procedure  Duration (hours) 

Debridement 1 

Temporary fixation 2 

Definitive fixation 3 

Local flap  2 

Theatre session preparation 2 

 

L.4.3 Results 

L.4.3.1 Base case analysis 

Table 62: Cost of different pathways with and without plastics present at debridement 

Pathway 
Cost without 
plastics present 

Cost with 
plastics present 

Strategy 1: Debridement, definitive fixation and definitive cover in one 
theatre session 

£6,035.41 £6,035.41 

Strategy 2: Debridement and definitive fixation in one theatre session 
followed by definitive cover in a later session 

£5,561.09 £6,156.04 

Strategy 3: Debridement and temporary fixation in one theatre 
session followed by definitive fixation and definitive cover in a later 
session. 

£7,664.89 £8,259.85 

Strategy 4: Debridement and temporary fixation in one theatre 
session followed by definitive fixation in a later session and definitive 
cover in a third session. 

£7,785.53 £8,380.48 

As can be seen from the table above, all strategies are more expensive with a plastic surgeon present 
except for the first strategy with all procedures in one session, which is equally costly. This is because 
the plastic surgeon has to be available to perform the soft tissue cover regardless of whether they 
are present for debridement or not. 

Strategy 2 is cheaper if the plastic surgeon is not present at debridement as it removes the plastic 
surgeon salary cost during debridement and fixation, while adding a smaller cost of the additional 
preparation time for the second session. When the plastic surgeon is present for debridement 
strategy 2 is slightly more expensive than 1 as the only difference in cost is from the additional 
preparation time. 

Strategy 3 has a large increase in cost compared to strategy 2 as there is the additional cost of the 
temporary fixation procedure. The cost of the plastic surgeon for the duration of the definitive 
fixation procedure still applies. 

Strategy 4 has a small increase in cost compared to strategy 3 as there is the additional cost for 
preparing a third theatre sessions but there is  no cost of having the plastic surgeon available during 
any fixation procedure. 
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L.4.4 Discussion 

L.4.4.1 Summary of results 

This cost analysis shows that if a plastic surgeon is not present for debridement then it is cheaper to 
have definitive cover in a separate session so that the plastic surgeon’s time is used more efficiently. 
If the plastic surgeon is to be present for debridement however, it is then cheaper to have all 
procedures performed in the same session. This is because the additional preparation time for a 
second theatre session for definitive cover outweighs the inefficient use of the plastic surgeon while 
definitive fixation is performed between debridement and definitive cover.  

If definitive fixation is delayed to the second session along with definitive cover then the inefficient 
use of the plastic surgeon still applies as well as the additional preparation time. This is therefore 
more expensive. Having definitive fixation in a second session and definitive cover in a third is even 
more expensive due to having another preparation time added for the third theatre session. 

L.4.4.2 Limitations and interpretation 

This analysis is based on assumptions of the durations of procedures and preparation time provided 
by the GDG. This analysis does not take into account the different costs of surgical implants required 
across each strategy. 

L.5 Conclusion 

From analysis 1: Debridement performed within 6 hours of injury with a plastic surgeon present in 
theatre is the most likely cost effective strategy and may even be cost saving.  

From analysis 2: One theatre list per week is not enough to meet the demand based on the incidence 
of open fractures and so two lists a week is generally regarded as current practice in the UK. The 
increase in costs per person for three surgery lists compared to two only requires a small 
improvement in health related quality of life, which is potential feasible. A further list would add the 
same overall cost but there may not be as much benefit to be gained and so the cost effectiveness of 
this is less certain. A list every day would add a much greater cost and so the uncertainty in cost 
effectiveness of this based on the clinical evidence available is much more uncertain. The incidence 
of open fractures is low and is an important consideration with regards to the cost effectiveness. 
However there may be other population that would benefit from additional theatre lists.  

From analysis 3: If a plastic surgeon is to be present at debridement as the first analysis suggest is 
cost saving, performing all procedures in one session can save further costs. However, this may not 
always be possible due to the restrictions of the conclusions to the other analyses.  

The analyses are inter-related as they reflect different parts of the same pathway. It may be possible 
that a costly change in strategy in one part of the pathway could be offset by savings made via a 
change in strategy in another part of the pathway. For the overall conclusions of these analyses and 
the discussion given by the GDG, please see the link to evidence section for treatment of open 
fractures {please see section 6.9.6 of the Complex fractruresfull guideline}.  
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Appendix M: Research recommendations 

M.1 Cystourethrogram 

Research question: How accurate is the first CT scan with contrast (trauma scan) for detecting 
bladder injuries in people with suspected bladder injuries after a traumatic incident? 

Why this is important: Bladder injuries usually occur in people with high-energy pelvic fractures after 
a traumatic incident. Currently people with suspected bladder injuries have a CT scan with 
intravenous contrast (a trauma scan) to diagnose non-bladder injuries. People who do not have 
injuries needing urgent treatment may then either be given another CT scan or a fluoroscopic 
cystogram to check for bladder injury. People with injuries needing urgent treatment (for example, 
bleeding or a neurological injury) are taken to the resuscitation room after the initial CT scan (trauma 
scan). Once the person’s condition is stabilised they are taken to either the CT or fluoroscopy suite 
for a retrograde cystogram to check for bladder injury. The Guideline Committee agreed that these 
strategies are accurate for the diagnosis of bladder injuries, but felt that there were advantages to a 
strategy that did not involve a second set of images. The Guideline Comittee was interested in 
whether the first CT scan with intravenous contrast (trauma scan) could accurately diagnose bladder 
injuries. 

Criteria for selecting high priority research recommendations:  

PICO question Population 

 People with suspected bladder injury after a traumatic incident. This 

would include multiply injured patients.  

Index test 

 Trauma CT with IV contrast (no additional scanning). The contrast 

should be administered as early as is safely possible.   

Reference standards 

 Later imaging: cystogram (CT / conventional fluoroscopy) 

 Later clinical and surgical findings 

Outcomes 

 Diagnostic accuracy 

Stratify/subgroup 

 Pelvic fracture type (or no fracture) 

Importance to patients 

or the population 

If the initial trauma CT with contrast is found to have the requisite diagnostic 

accuracy for diagnosing bladder injuries then it would be a much faster strategy 

than the two scan approach currently in place. The GDG agreed that earlier 

definitive diagnosis of bladder injuries would lead to better outcomes for 

patients.  The better outcomes would be realised through faster diagnosis of 

bladder injury, no dedicated further imaging for bladder injury that could 

impede or delay treatment of the patient and increase their radiation burden.  

Relevance to NICE 

guidance 

It would inform the Complex Fractures guideline question around the most 

effective method for diagnosis of bladder injuries.  

Relevance to the NHS Accurately identifying the injury using only one scan (the initial trauma CT scan) 

would mean management decisions would be made faster because the need for 

additional investigations is negated. This would lead to less downstream 

resource use in terms of imaging and staff time – which have an opportunity 

cost, and also potentially improve outcomes because; the injury can be 
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diagnosed quicker, and also because in the context of a multiply injured patient 

– there is less time spent exploring the bladder injury which could be at the 

detriment of the other injuries the patient has. 

National priorities There are no specific national priorities pertaining to the diagnostic imaging of 

people with suspected bladder injuries.  

Current evidence base The studies included in the diagnostic accuracy review did not encompass the 

strategy proposed in this research recommendation. They investigated the 

accuracy of a dedicated cystogram for diagnosing bladder injuries. In addition 

they were relatively old studies, published in 2006 or earlier, but using two, four 

or occasionally 16 slice multi-detector CT machines. Ten years ahead and 

modern CT scanners can be dual source and reach 128 slices. The possibilities for 

diagnosis that may not have been considered using the previous generations of 

scanners may now be a reality.  

Equality This research recommendation would potentially benefit all children, young 

people and adults who are involved in a traumatic incident and are suspect of 

bladder injury.  

Study design A diagnostic accuracy study would be the most appropriate form of research 

methodology for this question. 

Feasibility The research would be very feasible, with low cost and no serious technical 

issues. It would require very little change in practice as the index test and 

reference standards are part of current clinical practice.  

Other comments Those interpreting the cystogram (reference standard) should be blinded to the 

bladder injury results of the trauma CT with IV contrast (index test). The timing 

of administration of contrast is important because very early administration 

could allow some of the contrast to reach the bladder, increasing the accuracy of 

the scan.  

Importance This research recommendation is of high importance: the research is essential to 

inform future updates of key recommendations in the guideline  

M.2 Pilon fractures 

Research question: In adults with closed pilon fractures what method of fixation provides the best 
clinical and cost effective outcomes as assessed by function and incidence of major complications at 
2 years? (stratified for timing of definitive surgery early [<36hrs] vs later [>36hrs]) 

Why this is important: Pilon fractures involve a significant proportion of the weight-bearing surface 
of the distal tibia. The damaged joint surface is vulnerable to degeneration. Therefore, the injury can 
lead to long-term disability, most commonly arthritis with pain and stiffness. Surgery can improve 
outcomes, allowing reduction and fixation of the fracture and early movement of the ankle joint. 
However, it has a high incidence of serious complications, particularly related to the vulnerability of 
the soft tissues around the ankle. The potential for life-changing adverse consequences of both the 
injury and its treatment is known, but the best management strategy to minimise these 
consequences is unclear. 

Criteria for selecting high priority research recommendations:  

PICO question  Population: adults with closed pilon fractures 

 Intervention: fine wire frame fixation vs. internal fixation with plates and 
screws vs. spanning external fixation (each augmented by joint reconstruction 
as required) 
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 Comparator: see above 

 Outcomes: function, health-related quality of life, major complications 

Importance to patients 

or the population 

The best management of patients with pilon fractures is unknown. Although 
relatively rare injuries, pilon fractures are associated with a high rate of early 
complications and have inevitable long-term effects on patients’ function and 
health-related quality of life. Therefore, research which identifies the optimal 
management strategy is of vital importance for patients.  

Relevance to NICE 

guidance 

Research which identifies the best method and timing of surgical fixation of pilon 
fractures addresses a key area identified in the scope of the NICE guidelines for 
complex fractures. 

Relevance to the NHS The identification of the most clinical and cost-effective method of surgical 
fixation and timing/staging of that fixation, would improve the outcome for 
patients and reduce the long-term costs associated with ankle arthritis and the 
need for further surgery. 

National priorities Pilon fractures affect the main weight-bearing portion of the ankle joint leading 
to early arthritis. Arthritis of the ankle has life-long effects in terms of mobility, 
pain and the patients’ ability to perform their work and recreational activities. 
Improving the diagnosis and treatment of patients with this injury has been 
identified as a research priority by the Orthopaedic Trauma Society and Arthritis 
Research UK.   

Current evidence base Current evidence for the type of fixation is very limited. The two existing RCTs 
and the single cohort study are all at very high risk of bias. Furthermore, one of 
the RCTs described a method of fixation which is no longer used in the NHS as it 
has been associated with a higher incidence of complication such as wound 
breakdown.  In addition, the cohort study did not specify the type of external 
fixation system used. Evidence for all outcomes included in the review were 
either imprecise or reported with very low event rates. The GDG felt the quality 
of the evidence underlined the need for further research in this area.  

Current evidence concerning the timing of fixation is also very limited and 
imprecise. The three non-randomised studies included a mixture of closed and 
open pilon fractures, so the timing of fixation was confounded by the extent of 
the soft-tissue injury. For the non-randomised study looking at closed fractures 
alone, there was insufficient statistical power to detect a difference between 
groups in the key outcome of deep infection. Again, the GDG felt the quality of 
the evidence underlined the need for further research. 

Equality This research recommendation would potentially benefit all groups of patients. 

Study design A randomised controlled trial with stratification for timing would be the most 
appropriate form of research methodology for this question. 

Feasibility The research would be feasible. Although this is a relatively rare injury, the 
current UK model for the management of complex fractures means that pilon 
fractures are increasingly concentrated in a smaller number of specialist centres 
where there is expertise in each of the different methods of fixation.  

Other comments Potential funders of this study may include the National Institute for Health 
Research and Arthritis Research UK. 

Importance This research recommendation is of high importance. Pilon fractures have a high 
risk of early complications and cause long-term disability. The current evidence 
base does not allow NICE to make a clear recommendation regarding the most 
clinically effective and cost effective method of fixation, nor the timing of 
fixation. The research is essential to inform future updates of key 
recommendations in the guideline. 
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Appendix O: Additional cost data 

O.1 Assessment of cost effectiveness for diagnostic interventions and 
prognostic tools 

The cost effectiveness of a diagnostic modality stems from how accurately it can identify people with 
the injury and rule out people without the injury, as well as the true prevalence of the condition 
within the population being imaged. For the major trauma population, who are subject to 
polytrauma, systemic injury and fast deterioration, cost effectiveness of a diagnostic intervention is 
also impacted by the trade-off between time efficiency and accuracy of the intervention, as well as 
the potential for incidental findings. In the absence of economic evidence for a diagnostic review, the 
GDG were routinely asked to consider the below when assessing cost effectiveness of a diagnostic 
modality for a particular indication. The same considerations were applied to prognostic reviews on 
risk tools. Aspects of note are detailed in the respective Evidence and Link to Recommendation 
section of each review. 

Impact of sensitivity, specificity and prevalence on the cost effectiveness of a diagnostic 
intervention 

A modality or risk tool with a low sensitivity will lead to more false negatives (i.e. people missed or 
incorrectly predicted to have low risk and therefore do not need onward management). This will 
impact, resource use as well as health outcomes because these people who have been missed could 
therefore deteriorate, which in turn leads to longer hospital stay or higher mortality. All else being 
equal and assuming onward management is cost effective, a diagnostic intervention with a higher 
sensitivity than alternatives will be cost effective. 

A modality or risk tool with a low specificity will lead to more false positives (i.e. people incorrectly 
labelled as having a condition or at high risk needing onward management). This will impact resource 
use as this leads to unnecessary treatment (which may carry potential harm). All else being equal and 
assuming onward management is costly and may carry harm, a diagnostic intervention with a higher 
specificity than alternatives will be cost effective. 

Prevalence is important in the consideration of cost effectiveness. If the traumatic injury or condition 
being investigated is not common within the population suspected of the injury, prevalence of the 
injury is low. This indicates that a high proportion of people will be investigated, incurring cost, 
without any benefit. The lower the prevalence of the condition within the population tested the less 
cost effective the diagnostic intervention will be, regardless of its accuracy. 

Incidental findings and cost effectiveness 

When employing a diagnostic modality for a particular population group, there is normally “indirect 
benefit” afforded to other population groups through incidental findings. The incidental findings are 
of particular relevance for the trauma population for two reasons. Firstly due to the potential for 
poly-trauma (i.e. chest trauma and major haemorrhage are not mutually exclusive conditions). 
Secondly, and importantly, one injury may have systemic symptoms, signs and complications (i.e. 
blood may collect elsewhere to the injury site).  Without consideration of potential for incidental 
findings, the overall benefit from undertaking the diagnostic intervention and therefore cost 
effectiveness may be underestimated. The sensitivity of the diagnostic intervention to find ANY injury 
increases as you increase the number and type of injuries that you are trying to identify with one 
diagnostic test. Furthermore, predictive power of finding ANY injury increases as the proportion of 
patients with injury in the pool that you are testing increases. Where appropriate onward 
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management of the type of injury you are assessing is similar, i.e. in systemic injury, cost 
effectiveness of the diagnostic modality is increased. 

On the other hand, if incidental findings are taken into consideration of cost effectiveness, it also 
needs to be acknowledged that the potential of definitively ruling out ANY injury decreases (that is to 
say specificity and negative predictive power decreases). If onward management is costly and risky 
(for example surgery or interventional radiology) then this can decrease the cost effectiveness of the 
diagnostic intervention. 

Radiation risk and cost effectiveness 

Please refer to the chapter in Spinal injuries.  

A concern raised around imaging is the risk of radiation. This was incorporated in a sensitivity analysis 
in the Spinal Injuries guideline model. The cost per patient on average is low, and particularly when 
time preference is taken into account (i.e. discounting of future costs and benefits), the costs and 
health risks are minimal. None the less, all else being equal, the diagnostic test with least radiation 
risk will be the most cost effective. 

The trade-off between time efficiency and accuracy 

Some modalities such as CT may take more time (from time of presentation) to undertake than 
others, particularly when issues such as scheduling and reporting are taken into account. Clinicians 
may need time to decide whether they should undertake these modalities only following a primary 
assessment (whether this is clinical or prior imaging such as x-ray). Thus there is potentially a trade-
off between the quicker (and sometimes more readily available modalities) yet less accurate 
modalities, versus taking a bit more time for a more precise diagnosis. It is assumed that as net 
benefit increases (due to lack of deterioration), net cost will decrease (i.e. due to reduced length of 
stay, less complicated and costly treatment). 

The service delivery costs of enabling timely diagnostic intervention (such as providing 24/7 CT) were 
considered outside the remit of this guideline and further considered in Guidance for Trauma 
Services (CG XXX).  Where appropriate this guideline cross references these considerations. The 
trade-off between time efficiency and accuracy is therefore reflected in determining net clinical 
benefit, rather than in determination of net cost. 

Consideration of overall resource use and costs of a diagnostic strategy 

In the absence of economic evidence, the intervention cost of the diagnostic modality, as well the 
cost associated with each diagnostic outcome (in terms of the indicated onward management), was 
considered. The total cost of a diagnostic strategy was considered as the sum of the intervention cost 
and the product of each diagnostic outcome and the respective costs of indicated onward 
management. Costs of each diagnostic strategy are offset by the net clinical benefit that the strategy 
brings (i.e. through incidental findings or through time efficient management). 
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O.1.1 Full body CT 1 

Table 63: Imaging costs 91 2 

Resource Description 

National 
average unit 
cost 

Lower 
Quartile 
Unit Cost 

Upper 
Quartile Unit 
Cost Notes 

X-ray Direct Access Plain Film (DAPF) £28 £22 £33 The number of data submissions for this code was 
153, with 5,254,817 units of activity (examinations) 

CT Computerised Tomography Scan, one area, no 
contrast, 19 years and over (RA08A) 

£60 £62 £62 The number of data submissions for this code was 
4, with 70 units of activity (examinations) 

Computerised Tomography Scan, one area, with 
post contrast only, 19 years and over (RA09A) 

£71 £71 £71 The number of data submissions for this code was 
1, with 10 units of activity (examinations) 

Computerised Tomography Scan, one area, pre 
and post contrast (RA10Z) 

£301 £301 £301 The number of data submissions for this code was 
1, with 1 unit of activity (examinations) 

Computerised Tomography Scan, two areas 
without contrast (RA11Z) 

£58 £58 £58 The number of data submissions for this code was 
1, with 12 units of activity (examinations) 

Computerised Tomography Scan, two areas with 
contrast (RA12Z) 

£76 £72 £72 The number of data submissions for this code was 
2, with 22 units of activity (examinations) 

Computerised Tomography Scan, more than three 
areas (RA14Z) 

£146 £102 £190 The number of data submissions for this code was 
2, with 2 units of activity (examinations) 

(a) For CT, the costs are from the ‘trauma and orthopaedics’ service description. 3 
(b) Note for CT, there is no category under the trauma and orthopaedics service description for below 19 years of age. 4 
(c) The number of data submissions for the activity level recorded for CT indicate that the unit cost was likely to be reflective of the costs only incurred by a few providers. This may explain 5 

why the ultrasound of more than 20 minutes costs less than the ultrasound of less than 20 minutes.  6 
(d) Note that for some of the modalities the lower and upper quartile costs are the same, however it is reported here as it is reported in NHS reference costs 2012-13. 7 
(e) Where the number of submissions and activity levels is low, this may imply that the cost is not likely to be representative of the national average. 8 
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O.1.2 Pelvic imaging 1 

Table 64: Imaging costs 91 2 

Resource Description 

National 
average unit 
cost 

Lower 
Quartile Unit 
Cost 

Upper 
Quartile Unit 
Cost NOTES 

X-ray Direct Access Plain Film (DAPF) £28 £22 £33 The number of data submissions for this code 
was 153, with 5,254,817 units of activity 
(examinations) 

CT Computerised Tomography Scan, one area, 
no contrast, 19 years and over (RA08A) 

£60 £62 £62 The number of data submissions for this code 
was 4, with 70 units of activity (examinations) 

Computerised Tomography Scan, one area, 
with post contrast only, 19 years and over 
(RA09A) 

£71 £71 £71 The number of data submissions for this code 
was 1, with 10 units of activity (examinations) 

(a) For CT, the costs are from the ‘trauma and orthopaedics’ service description. 3 
(b) Note for CT, there is no category under the trauma and orthopaedics service description for below 19 years of age. 4 
(c) The number of data submissions for the activity level recorded for CT indicate that the unit cost was likely to be reflective of the costs only incurred by a few providers.   5 
(d) Note that for some of the modalities the lower and upper quartile nit costs are the same, however it is reported here as it is reported in NHS reference costs 2012-13. 6 
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O.1.3 Cystourethrogram 1 

Table 65: Imaging costs92 2 

Resource Description 

National 
average unit 
cost 

Lower 
Quartile Unit 
Cost 

Upper 
Quartile Unit 
Cost NOTES 

Fluoroscopy Contrast Fluoroscopy Procedures, less than 
20 minutes 

 £69   £40   £86  The number of data submissions for this code 
was 119, with 48,617 units of activity 
(examinations) 

CT Computerised Tomography Scan, one area, 
no contrast, 19 years and over 

 £80   £62   £97  The number of data submissions for this code 
was 124, with 90,108 units of activity 
(examinations) 

Computerised Tomography Scan, one area, 
with post contrast only, 19 years and over 

 £91   £70   £105  The number of data submissions for this code 
was 116, with 18,505 units of activity 
(examinations) 

(a) The costs here differ from those in the tables above because the costs for this question were gathered when the latest version on NHS reference costs had been published (NHS reference 3 
costs 2013/14) 4 

(b) The number of data submissions for the activity level recorded for CT indicate that the unit cost was likely to be reflective of the the national average.   5 
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O.2 Limb Salvage 1 

Table 66: Amputation cost92 2 

Resource Description 
National average 
unit cost 

Lower quartile unit 
cost 

Upper quartile 
unit cost Notes 

Amputation Amputation of Single Limb with CC 
Score 0-9 (HRG: YQ22B) 

 £8,589   £6,439   £10,358  Data submissions for this code 
was 112, with 1,378 units of 
activity 

(a) The number of data submissions for the activity level recorded indicate that the unit cost was likely to be reflective of the the national average.   3 

This is the acute care cost associated with an amputation. Further lifetime resource use would include further re-operations and the prodthetics. 4 

O.3 Arterial shunts 5 

 6 

See the previous section for amputation costs. 7 
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O.4 Pelvic haemorrhage control 1 

Table 67: IInterventional radiology costs92 2 

Intervention/ 
Diagnosis Reference cost HRG 

National 
average 
unit cost 

Lower 
Quartile 
Unit 
Cost 

Upper 
Quartile 
Unit Cost 

Average 
cost of 
excess 
bed day 

Lower 
Quartile 
Unit Cost 

Upper 
Quartile 
Unit Cost 

Weighted 
national 
average 

Weighted 
average 
length of 
stay NOTES 

Percutaneous 
Transluminal 
Embolisation 
of Blood Vessel 

Percutaneous 
Transluminal 
Embolisation of Blood 
Vessel with CC Score 
3+ (YR21A); as 
recorded for Non-
Elective Inpatients 
long stay 

£5,465 £2,779 £6,958 £259 £203 £284 £5,987 9.92 The number of data 
submissions for this 
code was 92, with 
492 units of activity. 

Percutaneous 
Transluminal 
Embolisation 
of Blood Vessel 

Percutaneous 
Transluminal 
Embolisation of Blood 
Vessel with CC Score 
0-2 (YR21B); as 
recorded for Non-
Elective Inpatients 
long stay 

£3,691 £2,370 £4,335 £329 £225 £391 £4,232 4.41 The number of data 
submissions for this 
code was 57, with 
130 units of activity. 

Percutaneous 
Transluminal 
Embolisation 
of Blood Vessel 

Weighted for 
complications and co 
morbidities for HRG 
codes: YR21A, YR21B 
and ; as recorded for 
Non-Elective 
Inpatients long stay 

            £5,620 8.77   

(a) The number of data submissions for the activity level recorded indicate that the unit cost was likely to be reflective of the the national average.   3 
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O.5 Detecting compartment syndrome 1 

See section O.2 for amputation costs. 2 

Table 68: Fasciotomy costs 92 3 

Resource Description 
National average 
unit cost 

Lower quartile unit 
cost 

Upper quartile 
unit cost Notes 

Fasciotomy Minor Knee Procedures for Trauma, 
Category 2, without CC (HA25C) 

 £3,477   £2,333   £4,297  Data submissions for this code 
was 112, with 265 units of 
activity 

(a) The number of data submissions for the activity level recorded indicate that the unit cost was likely to be reflective of the the national average.   4 
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Appendix P: Qualitative study checklist 1 

P.1 Information and support 2 

Table 69: <Insert Table Title here> 3 

Link to GRADE criteria Question Forsberg 2014
119

 Sleney 2014
372

 Okonta 2011
300

 O’Brien 2010
290

 

Limitations of evidence Is a qualitative study/survey an 
appropriate approach? 

    

Limitations of evidence Is the study clear in what it seeks to do?     

Limitations of evidence How defensible/rigorous is the research 
design/methodology? 

?    

Limitations of evidence How well was the data collection carried 
out? 

    

Limitations of evidence  Is the role of the researcher clearly 
described? 

    

Limitations of evidence  Is the context clearly described?     

Limitations of evidence Were the methods reliable?     

Limitations of evidence  Is the data analysis sufficiently rigorous? ?  ?   

Limitations of evidence Are the data rich (for qualitative study and 
open ended survey questions)? 

    

Limitations of evidence  Is the analysis reliable? ?  ?  

Limitations of evidence/ 
Applicability of evidence/ 
Sufficiency of evidence 

Are the findings convincing? 

 

    

Applicability of evidence  Are the findings relevant to the aims of the 
study? 

    

Limitations of evidence/ 
Applicability of evidence/ 
Sufficiency of evidence 

Are the conclusions adequate? 

 

    



 

 

Q
u

alitative stu
d

y ch
ecklist 

C
o

m
p

lex fractu
res: A

p
p

en
d

ices I-P
 

N
atio

n
al C

lin
ical G

u
id

elin
e C

en
tre, 2

0
1

5
 

8
2

 

 1 

 2 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
83 

References 1 

1 2011 Census: Population Estimates for the United Kingdom, 27 March 2011.  2012. Available 2 
from: http://www.ons.gov.uk/ons/dcp171778_292378.pdf 3 

2 Major Trauma Centres.  2012. Available from: 4 
http://www.nhs.uk/NHSEngland/AboutNHSservices/Emergencyandurgentcareservices/Documen5 
ts/2012/map-of-major-trauma-centres-2012.pdf 6 

3 Abrassart S, Stern R, Peter R. Unstable pelvic ring injury with hemodynamic instability: what 7 
seems the best procedure choice and sequence in the initial management? Orthopaedics and 8 
Traumatology, Surgery and Research. 2013; 99(2):175-182 9 

4 Adegbehingbe OO, Akinyoola AL, Oginni LM. Predictive factors for primary amputation in trauma 10 
patients in a Nigerian university teaching hospital. East African Medical Journal. 2006; 11 
83(10):539-544 12 

5 Agel J, Rockwood T, Barber R, Marsh JL. Potential predictive ability of the orthopaedic trauma 13 
association open fracture classification. Journal of Orthopaedic Trauma. 2014; 28(5):300-306 14 

6 Akbar M, Arshad RM, Hanif M, Rana RE. Treatment of open book pelvic fractures: Comparison 15 
between internal and external fixation. Pakistan Journal of Medical and Health Sciences. 2012; 16 
6(3):662-665 17 

7 Al-Arabi YB, Nader M, Hamidian-Jahromi AR, Woods DA. The effect of the timing of antibiotics 18 
and surgical treatment on infection rates in open long-bone fractures: a 9-year prospective study 19 
from a district general hospital. Injury. 2007; 38(8):900-905 20 

8 Al-Arabi YB, Nader M, Hamidian-Jahromi AR, Woods DA. Corrigendum to "The effect of the 21 
timing of antibiotics and surgical treatment on infection rates in open long-bone fractures: A 9-22 
year prospective study from a district general hospital" [Injury 38 (8) (2007) 900-905] 23 
(DOI:10.1016/j.injury.2007.02.043). Injury. 2008; 39(3):381 24 

9 Al-Hilli AB, Salih DS. Early or delayed surgical treatment in compound limb fractures due to high 25 
velocity missile injuries: a 5-year retrospective study from Medical City in Baghdad. Iowa 26 
Orthopaedic Journal. 2010; 30:94-98 27 

10 al-Salman MM, al-Khawashki H, Sindigki A, Rabee H, al-Saif A, al-Salman Fachartz F. Vascular 28 
injuries associated with limb fractures. Injury. 1997; 28(2):103-107 29 

11 Allison P, Dahan-Oliel N, Jando VT, Yang SS, Hamdy RC. Open fractures of the femur in children: 30 
analysis of various treatment methods. Journal of Children's Orthopaedics. 2011; 5(2):101-108 31 

12 Anandakumar V, Hussein FK, Varuun B, Zhu R. Predictive parameters for angiography and 32 
embolization in the bleeding pelvic fracture. Journal of Clinical Orthopaedics and Trauma. 2013; 33 
4(2):70-74 34 

13 Anglen JO. Early outcome of hybrid external fixation for fracture of the distal tibia. Journal of 35 
Orthopaedic Trauma. 1999; 13(2):92-97 36 

14 Aravind M, Shauver MJ, Chung KC. A qualitative analysis of the decision-making process for 37 
patients with severe lower leg trauma. Plastic and Reconstructive Surgery. 2010; 126(6):2019-38 
2029 39 

http://www.ons.gov.uk/ons/dcp171778_292378.pdf
http://www.nhs.uk/NHSEngland/AboutNHSservices/Emergencyandurgentcareservices/Documents/2012/map-of-major-trauma-centres-2012.pdf
http://www.nhs.uk/NHSEngland/AboutNHSservices/Emergencyandurgentcareservices/Documents/2012/map-of-major-trauma-centres-2012.pdf


 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
84 

15 Archibald G. Patients' experiences of hip fracture. Journal of Advanced Nursing. 2003; 44(4):385-1 
392 2 

16 Arti HR. Comparison of early versus delayed debridement in open fractures. Pakistan Journal of 3 
Medical Sciences. 2012; 28(5):856-859 4 

17 Asensio JA, Kuncir EJ, Garcia-Nunez LM, Petrone P. Femoral vessel injuries: analysis of factors 5 
predictive of outcomes. Journal of the American College of Surgeons. 2006; 203(4):512-520 6 

18 Ashford RU, Mehta JA, Cripps R. Delayed presentation is no barrier to satisfactory outcome in the 7 
management of open tibial fractures. Injury. 2004; 35(4):411-416 8 

19 Ashley RK, Larsen LJ, James PM. Reduction of dislocation of the hip in older children: a 9 
preliminary report. Journal of Bone and Joint Surgery American Volume. 1972; 54(3):545-550 10 

20 Atchison KA, Black EE, Leathers R, Belin TR, Abrego M, Gironda MW et al. A qualitative report of 11 
patient problems and postoperative instructions. Journal of Oral and Maxillofacial Surgery. 2005; 12 
63(4):449-456 13 

21 Azam N, Harrison M. Patients' perspectives on injuries. Emergency Medicine Journal. 2011; 14 
28(7):601-603 15 

22 Babis GC, Vayanos ED, Papaioannou N, Pantazopoulos T. Results of surgical treatment of tibial 16 
plafond fractures. Clinical Orthopaedics and Related Research. 1997;(341):99-105 17 

23 Back DA, Scheuermann-Poley C, Willy C. Recommendations on negative pressure wound therapy 18 
with instillation and antimicrobial solutions'-'when, where and how to use: "What does the 19 
evidence show? International Wound Journal. 2013; 10(S1):32-42 20 

24 Bacon S, Smith WR, Morgan SJ, Hasenboehler E, Philips G, Williams A et al. A retrospective 21 
analysis of comminuted intra-articular fractures of the tibial plafond: Open reduction and 22 
internal fixation versus external Ilizarov fixation. Injury. 2008; 39(2):196-202 23 

25 Bagley CHM, Hunter AR, Bacarese-Hamilton IA. Patients' misunderstanding of common 24 
orthopaedic terminology: the need for clarity. Annals of the Royal College of Surgeons of 25 
England. 2011; 93(5):401-404 26 

26 Baldwin KD, Babatunde OM, Russell Huffman G, Hosalkar HS. Open fractures of the tibia in the 27 
pediatric population: a systematic review. Journal of Children's Orthopaedics. 2009; 3(3):199-208 28 

27 Ball CG, Kirkpatrick AW, Rajani RR, Wyrzykowski AD, Dente CJ, Vercruysse GA et al. Temporary 29 
intravascular shunts: when are we really using them according to the NTDB? American Surgeon. 30 
2009; 75(7):605-607 31 

28 Ball CG, Rozycki GS, Feliciano DV. Upper extremity amputations after motor vehicle rollovers. 32 
Journal of Trauma. 2009; 67(2):410-412 33 

29 Baloch MK, Bakhsh K, Masood AQ, Khan A, Ahmed J. Early outcome of operative fixation of tibial 34 
pilon fractures. Medical Forum Monthly. 2009; 20(3):13-17 35 

30 Barleben A, Jafari F, Rose JJ, Dolich M, Malinoski D, Lekawa M et al. Implementation of a cost-36 
saving algorithm for pelvic radiographs in blunt trauma patients. Journal of Trauma. 2011; 37 
71(3):582-584 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
85 

31 Barquet A. A vascular necrosis following traumatic hip dislocation in childhood: factors of 1 
influence. Acta Orthopaedica Scandinavica. 1982; 53(5):809-813 2 

32 Barquet A. Traumatic anterior dislocation of the hip in childhood. Injury. 1982; 13(5):435-440 3 

33 Barros D'Sa AAB, Harkin DW, Blair PHB, Hood JM, McIlrath E. The Belfast approach to managing 4 
complex lower limb vascular injuries. European Journal of Vascular and Endovascular Surgery. 5 
2006; 32(3):246-256 6 

34 Bartlett CS, Weiner LS, Yang EC. Treatment of type II and type III open tibia fractures in children. 7 
Journal of Orthopaedic Trauma. 1997; 11(5):357-362 8 

35 Bauman M, Marinaro J, Tawil I, Crandall C, Rosenbaum L, Paul I. Ultrasonographic determination 9 
of pubic symphyseal widening in trauma: the FAST-PS study. Journal of Emergency Medicine. 10 
2011; 40(5):528-533 11 

36 Baylis TB, Norris BL. Pelvic fractures and the general surgeon. Current Surgery. 2004; 61(1):30-35 12 

37 Beard JD, Davidson CM, Scott DJ, Turner AG. Pelvic injuries associated with traumatic abduction 13 
of the leg. Injury. 1988; 19(5):353-356 14 

38 Beck JJW. Trauma imaging in and out of conflict: A review of the evidence. Radiography. 2012; 15 
18(4):292-295 16 

39 Bednar DA, Parikh J. Effect of time delay from injury to primary management on the incidence of 17 
deep infection after open fractures of the lower extremities caused by blunt trauma in adults. 18 
Journal of Orthopaedic Trauma. 1993; 7(6):532-535 19 

40 Bergman NJ. Reduction of posterior dislocation of the hip. Tropical Doctor. 1994; 24(3):134-135 20 

41 Berry GK, Stevens DG, Kreder HJ, McKee M, Schemitsch E, Stephen DJG. Open fractures of the 21 
calcaneus: a review of treatment and outcome. Journal of Orthopaedic Trauma. 2004; 18(4):202-22 
206 23 

42 Bevevino AJ, Dickens JF, Potter BK, Dworak T, Gordon W, Forsberg JA. A model to predict limb 24 
salvage in severe combat-related open calcaneus fractures. Clinical Orthopaedics and Related 25 
Research. 2014; 472(10):3002-3009 26 

43 Bhandari M, Guyatt GH, Swiontkowski MF, Schemitsch EH. Treatment of open fractures of the 27 
shaft of the tibia. Journal of Bone and Joint Surgery - British Volume. 2001; 83(1):62-68 28 

44 Bhandari M, Matta J, Ferguson T, Matthys G. Predictors of clinical and radiological outcome in 29 
patients with fractures of the acetabulum and concomitant posterior dislocation of the hip. 30 
Journal of Bone and Joint Surgery British Volume. 2006; 88(12):1618-1624 31 

45 Biffl WL, Smith WR, Moore EE, Gonzalez RJ, Morgan SJ, Hennessey T et al. Evolution of a 32 
multidisciplinary clinical pathway for the management of unstable patients with pelvic fractures. 33 
Annals of Surgery. 2001; 233(6):843-850 34 

46 Binda T, Faluomi M, D'Angelo F, Cherubino P. Tibial pilon fractures: Results in the medium- to 35 
long-term. Journal of Orthopaedics and Traumatology. 2011; 12:S91 36 

47 Blauth M, Bastian L, Krettek C, Knop C, Evans S. Surgical options for the treatment of severe tibial 37 
pilon fractures: a study of three techniques. Journal of Orthopaedic Trauma. 2001; 15(3):153-160 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
86 

48 Blick SS, Brumback RJ, Lakatos R, Poka A, Burgess AR. Early prophylactic bone grafting of high-1 
energy tibial fractures. Clinical Orthopaedics and Related Research. 1989;(240):21-41 2 

49 Blum ML, Esser M, Richardson M, Paul E, Rosenfeldt FL. Negative pressure wound therapy 3 
reduces deep infection rate in open tibial fractures. Journal of Orthopaedic Trauma. 2012; 4 
26(9):499-505 5 

50 Bosse MJ, MacKenzie EJ, Kellam JF, Burgess AR, Webb LX, Swiontkowski MF et al. An analysis of 6 
outcomes of reconstruction or amputation after leg-threatening injuries. New England Journal of 7 
Medicine. 2002; 347(24):1924-1931 8 

51 Bouzat P, Broux C, Ageron F-X, Gros I, Levrat A, Thouret J-M et al. Impact of a trauma network on 9 
mortality in patients with severe pelvic trauma. Annales Francaises D'Anesthesie Et De 10 
Reanimation. 2013; 32(12):827-832 11 

52 Bremmer DN, Miller AD, Bookstaver PB, Cairns M, Lindley KT, Koon J. Retrospective review of 12 
antibiotic prophylaxis in open lower extremity fractures. Pharmacotherapy. 2012; 32(10):e292-13 
e293 14 

53 Breugem CC, Strackee SD. Is there evidence-based guidance for timing of soft tissue coverage of 15 
grade III B tibia fractures? International Journal of Lower Extremity Wounds. 2006; 5(4):261-270 16 

54 Brooker AFJ, Pezeshki C. Tissue pressure to evaluate compartmental syndrome. Journal of 17 
Trauma. 1979; 19(9):689-691 18 

55 Buckley SL, Smith GR, Sponseller PD, Thompson JD, Robertson WWJ, Griffin PP. Severe (type III) 19 
open fractures of the tibia in children. Journal of Pediatric Orthopaedics. 1996; 16(5):627-634 20 

56 Burgess AR, Eastridge BJ, Young JW, Ellison TS, Ellison PSJ, Poka A et al. Pelvic ring disruptions: 21 
effective classification system and treatment protocols. Journal of Trauma. 1990; 30(7):848-856 22 

57 Burgess AR, Poka A, Brumback RJ, Flagle CL, Loeb PE, Ebraheim NA. Pedestrian tibial injuries. 23 
Journal of Trauma. 1987; 27(6):596-601 24 

58 Byrd HS, Cierny G, Tebbetts JB. The management of open tibial fractures with associated soft-25 
tissue loss: external pin fixation with early flap coverage. Plastic and Reconstructive Surgery. 26 
1981; 68(1):73-82 27 

59 Byrd HS, Spicer TE, Cierney G, III. Management of open tibial fractures. Plastic and Reconstructive 28 
Surgery. 1985; 76(5):719-730 29 

60 Calhoun JH, Anger DM, Ledbetter BR, Cobos JA, Mader JT. The Ilizarov fixator and 30 
polymethylmethacrylate-antibiotic beads for the treatment of infected deformities. Clinical 31 
Orthopaedics and Related Research. 1993;(295):13-22 32 

61 Calori GM, Tagliabue L, Mazza E, de Bellis U, Pierannunzii L, Marelli BM et al. Tibial pilon 33 
fractures: which method of treatment? Injury. 2010; 41(11):1183-1190 34 

62 Caputo ND, Stahmer C, Lim G, Shah K. Whole-body computed tomographic scanning leads to 35 
better survival as opposed to selective scanning in trauma patients: A systematic review and 36 
meta-analysis. Journal of Trauma and Acute Care Surgery. 2014; 77(4):534-539 37 

63 Carroll PR, McAninch JW. Major bladder trauma: The accuracy of cystography. Journal of 38 
Urology. 1983; 130(5):887-888 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
87 

64 Cavadas PC, Landin L, Ibanez J. Temporary catheter perfusion and artery-last sequence of repair 1 
in macroreplantations. Journal of Plastic, Reconstructive and Aesthetic Surgery. 2009; 2 
62(10):1321-1325 3 

65 Chambers LW, Green DJ, Sample K, Gillingham BL, Rhee P, Brown C et al. Tactical surgical 4 
intervention with temporary shunting of peripheral vascular trauma sustained during Operation 5 
Iraqi Freedom: one unit's experience. Journal of Trauma. 2006; 61(4):824-830 6 

66 Chu RS, Browne GJ, Lam LT. Traction splinting of femoral shaft fractures in a paediatric 7 
emergency department: time is of the essence? Emergency Medicine. 2003; 15(5-6):447-452 8 

67 Cierny G, III, Byrd HS, Jones RE. Primary versus delayed soft tissue coverage for severe open tibial 9 
fractures. A comparison of results. Clinical Orthopaedics and Related Research. 1983;(178):54-63 10 

68 Clamp JA, Moran CG. Haemorrhage control in pelvic trauma. Trauma. 2011; 13(4):300-316 11 

69 Clement ND, MacDonald D, Ahmed I, Patton JT, Howie CR. Total femoral replacement for salvage 12 
of periprosthetic fractures. Orthopedics. 2014; 37(9):e789-e795 13 

70 Congdon JG. Managing the incongruities: the hospital discharge experience for elderly patients, 14 
their families, and nurses. Applied Nursing Research. 1994; 7(3):125-131 15 

71 Contractor D, Amling J, Brandoli C, Tosi LL. Negative pressure wound therapy with reticulated 16 
open cell foam in children: an overview. Journal of Orthopaedic Trauma. 2008; 22(10 17 
Suppl):S167-S176 18 

72 Cook RE, Keating JF, Gillespie I. The role of angiography in the management of haemorrhage from 19 
major fractures of the pelvis. Journal of Bone and Joint Surgery - Series B. 2002; 84(2):178-182 20 

73 Court-Brown, Walker C, Garg A, McQueen MM. Half-ring external fixation in the management of 21 
tibial plafond fractures. Journal of Orthopaedic Trauma. 1999; 13(3):200-206 22 

74 Cox GW, Evans EB. Compound fracture of the tibia. Southern Medical Journal. 1970; 63(12):1409-23 
1414 24 

75 Croce MA, Magnotti LJ, Savage SA, Wood GW, Fabian TC. Emergent pelvic fixation in patients 25 
with exsanguinating pelvic fractures. Journal of the American College of Surgeons. 2007; 26 
204(5):935-2 27 

76 Cronier P, Steiger V, Rammelt S. Early open reduction and internal fixation of Pilon fractures. Fuss 28 
Und Sprunggelenk. 2012; 10(1):12-26 29 

77 Crutchfield EH, Seligson D, Henry SL, Warnholtz A. Tibial pilon fractures: a comparative clinical 30 
study of management techniques and results. Orthopedics. 1995; 18(7):613-617 31 

78 Cullen MC, Roy DR, Crawford AH, Assenmacher J, Levy MS, Wen D. Open fracture of the tibia in 32 
children. Journal of Bone and Joint Surgery - American Volume. 1996; 78(7):1039-1047 33 

79 Cullinane DC, Schiller HJ, Zielinski MD, Bilaniuk JW, Collier BR, Como J et al. Eastern Association 34 
for the Surgery of Trauma practice management guidelines for hemorrhage in pelvic fracture--35 
update and systematic review. Journal of Trauma. 2011; 71(6):1850-1868 36 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
88 

80 Curtis L. Unit costs of health and social care 2014. Canterbury: Personal Social Services Research 1 
Unit, University of Kent; 2014. Available from: http://www.pssru.ac.uk/project-pages/unit-2 
costs/2014/index.php 3 

81 D'Alleyrand JC, Manson TT, Dancy L, Castillo RC, Bertumen JB, Meskey T et al. Is time to flap 4 
coverage of open tibial fractures an independent predictor of flap-related complications? Journal 5 
of Orthopaedic Trauma. 2014; 28(5):288-293 6 

82 Davidovitch RI, Elkhechen RJ, Romo S, Walsh M, Egol KA. Open reduction with internal fixation 7 
versus limited internal fixation and external fixation for high grade pilon fractures (OTA type 8 
43C). Foot and Ankle International. 2011; 32(10):955-961 9 

83 Davis Sears E, Davis MM, Chung KC. Relationship between timing of emergency procedures and 10 
limb amputation in patients with open tibia fracture in the United States, 2003 to 2009. Plastic 11 
and Reconstructive Surgery. 2012; 130(2):369-378 12 

84 Davis JW, Moore FA, McIntyre J, Cocanour CS, Moore EE, West MA. Western trauma association 13 
critical decisions in trauma: Management of pelvic fracture with hemodynamic instability. Journal 14 
of Trauma - Injury, Infection and Critical Care. 2008; 65(5):1012-1015 15 

85 de Palma L, Santucci A, Verdenelli A, Bugatti MG, Meco L, Marinelli M. Outcome of unstable 16 
isolated fractures of the posterior acetabular wall associated with hip dislocation. European 17 
Journal of Orthopaedic Surgery and Traumatology. 2014; 24(3):341-346 18 

86 Deck AJ, Shaves S, Talner L, Porter JR. Computerized tomography cystography for the diagnosis of 19 
traumatic bladder rupture. Journal of Urology. 2000; 164(1):43-46 20 

87 Deck AJ, Shaves S, Talner L, Porter JR. Current experience with computed tomographic 21 
cystography and blunt trauma. World Journal of Surgery. 2001; 25(12):1592-1596 22 

88 Dellinger EP, Miller SD, Wertz MJ, Grypma M, Droppert B, Anderson PA. Risk of infection after 23 
open fracture of the arm or leg. Archives of Surgery. 1988; 123(11):1320-1327 24 

89 DeLong WG, Jr., Born CT, Wei SY, Petrik ME, Ponzio R, Schwab CW. Aggressive treatment of 119 25 
open fracture wounds. Journal of Trauma. 1999; 46(6):1049-1054 26 

90 Demetriades D, Martin M, Salim A, Rhee P, Brown C, Chan L. The effect of trauma center 27 
designation and trauma volume on outcome in specific severe injuries. Annals of Surgery. 2005; 28 
242(4):512-519 29 

91 Department of Health. NHS reference costs 2012-13. 2013. Available from: 30 
https://www.gov.uk/government/publications/nhs-reference-costs-2012-to-2013 [Last accessed: 31 
12 March 2015] 32 

92 Department of Health. NHS reference costs 2013-14. 2014. Available from: 33 
http://www.gov.uk/government/publications/nhs-reference-costs-2013-to-2014 [Last accessed: 34 
12 March 2015] 35 

93 Dong Jl, Zhou Ds. Management and outcome of open pelvic fractures: a retrospective study of 41 36 
cases. Injury. 2011; 42(10):1003-1007 37 

94 Dormagen JB, Totterman A, Roise O, Sandvik L, Klow NE. Efficacy of plain radiography and 38 
computer tomography in localizing the site of pelvic arterial bleeding in trauma patients. Acta 39 
Radiologica. 2010; 51(1):107-116 40 

http://www.pssru.ac.uk/project-pages/unit-costs/2014/index.php
http://www.pssru.ac.uk/project-pages/unit-costs/2014/index.php
http://www.gov.uk/government/publications/nhs-reference-costs-2012-to-2013
http://www.gov.uk/government/publications/nhs-reference-costs-2013-to-2014


 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
89 

95 Dua A, Desai SS, Shah JO, Lasky RE, Charlton-Ouw KM, Azizzadeh A et al. Outcome predictors of 1 
limb salvage in traumatic popliteal artery injury. Annals of Vascular Surgery. 2014; 28(1):108-114 2 

96 Dua A, Patel B, Desai SS, Holcomb JB, Wade CE, Coogan S et al. Comparison of military and 3 
civilian popliteal artery trauma outcomes. Journal of Vascular Surgery. 2014; 59(6):1628-1632 4 

97 Duane TM, Dechert T, Wolfe LG, Brown H, Aboutanos MB, Malhotra AK et al. Clinical examination 5 
is superior to plain films to diagnose pelvic fractures compared to CT. American Surgeon. 2008; 6 
74(6):476-480 7 

98 Duckworth T, Morgan BP. A Report by the BOA/BAPS Working Party onThe Management of Open 8 
Tibial Fractures. British Orthopaedic Association and British Association of Plastic Surgeons. 9 
1997;1-45 10 

99 Dwyer AJ, John B, Singh SA, Mam MK. Complications after posterior dislocation of the hip. 11 
International Orthopaedics. 2006; 30(4):224-227 12 

100 Eastman AL, Chason DP, Perez CL, McAnulty AL, Minei JP. Computed tomographic angiography 13 
for the diagnosis of blunt cervical vascular injury: is it ready for primetime? Journal of Trauma. 14 
2006; 60(5):925-929 15 

101 Edwards CC. Staged reconstruction of complex open tibial fractures using Hoffmann external 16 
fixation. Clinical decisions and dilemmas. Clinical Orthopaedics and Related Research. 17 
1983;(178):130-161 18 

102 Edwards CC, Simmons SC, Browner BD, Weigel MC. Severe open tibial fractures. Results treating 19 
202 injuries with external fixation. Clinical Orthopaedics and Related Research. 1988;(230):98-20 
115 21 

103 Egol KA, Tejwani NC, Capla EL, Wolinsky PL, Koval KJ. Staged management of high-energy 22 
proximal tibia fractures (OTA types 41): the results of a prospective, standardized protocol. 23 
Journal of Orthopaedic Trauma. 2005; 19(7):448-456 24 

104 Elkhechen RJ. Open reduction with internal fixation versus limited internal fixation and external 25 
fixation for high grade pilon fractures (OTA Type 43C). Foot and Ankle International. 2012; 26 
33(9):vi 27 

105 Elliott J, Forbes D, Chesworth BM, Ceci C, Stolee P. Information sharing with rural family 28 
caregivers during care transitions of hip fracture patients. International Journal of Integrated 29 
Care. 2014; 14:e018 30 

106 Endres T, Grass R, Biewener A, Barthel S, Zwipp H. [Advantages of minimally-invasive reposition, 31 
retention, and Ilizarov-(hybrid)fixation for pilon-tibial-fractures fractures with particular 32 
emphasis on C2/C3 fractures]. Der Unfallchirurg. 2004; 107(4):273-284 33 

107 Epstein HC. Posterior fracture-dislocations of the hip; long-term follow-up. Journal of Bone and 34 
Joint Surgery American Volume. 1974; 56(6):1103-1127 35 

108 Erdmann MW, Court-Brown, Quaba AA. A five year review of islanded distally based 36 
fasciocutaneous flaps on the lower limb. British Journal of Plastic Surgery. 1997; 50(6):421-427 37 

109 Ertel W, Keel M, Eid K, Platz A, Trentz O. Control of severe hemorrhage using C-clamp and pelvic 38 
packing in multiply injured patients with pelvic ring disruption. Journal of Orthopaedic Trauma. 39 
2001; 15(7):468-474 40 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
90 

110 Evers BM, Cryer HM, Miller FB. Pelvic fracture hemorrhage. Priorities in management. Archives of 1 
Surgery. 1989; 124(4):422-424 2 

111 Falchi M, Rollandi GA. CT of pelvic fractures. European Journal of Radiology. 2004; 50(1):96-105 3 

112 Feeney J, Jayaraman V, Luk S, Shapiro D, Virk M, Twohig M et al. Retrospective review of the 4 
costs of routine pelvic X-rays in a trauma setting. American Surgeon. 2011; 77(3):337-341 5 

113 Ferrera PC, Hill DA. Good outcomes of open pelvic fractures. Injury. 1999; 30(3):187-190 6 

114 Fischer MD, Gustilo RB, Varecka TF. The timing of flap coverage, bone-grafting, and 7 
intramedullary nailing in patients who have a fracture of the tibial shaft with extensive soft-tissue 8 
injury. Journal of Bone and Joint Surgery - American Volume. 1991; 73(9):1316-1322 9 

115 Flint L, Babikian G, Anders M, Rodriguez J, Steinberg S. Definitive control of mortality from severe 10 
pelvic fracture. Annals of Surgery. 1990; 211(6):703-707 11 

116 Fochtmann A, Mittlbock M, Binder H, Kottstorfer J, Hajdu S. Potential prognostic factors 12 
predicting secondary amputation in third-degree open lower limb fractures. Journal of Trauma 13 
and Acute Care Surgery. 2014; 76(4):1076-1081 14 

117 Fodor L, Sobec R, Sita-Alb L, Fodor M, Ciuce C. Mangled lower extremity: can we trust the 15 
amputation scores? International Journal of Burns and Trauma. 2012; 2(1):51-58 16 

118 Fordyce AJ. Open reduction of traumatic dislocation of the hip in a child. Case report and a 17 
review of the literature. British Journal of Surgery. 1971; 58(9):705-707 18 

119 Forsberg A, Soderberg S, Engstrom A. People's experiences of suffering a lower limb fracture and 19 
undergoing surgery. Journal of Clinical Nursing. 2014; 23(1-2):191-200 20 

120 Fox CJ, Gillespie DL, Cox ED, Kragh JFJ, Mehta SG, Salinas J et al. Damage control resuscitation for 21 
vascular surgery in a combat support hospital. Journal of Trauma. 2008; 65(1):1-9 22 

121 Francel TJ, Vander Kolk CA, Hoopes JE, Manson PN, Yaremchuk MJ. Microvascular soft-tissue 23 
transplantation for reconstruction of acute open tibial fractures: timing of coverage and long-24 
term functional results. Plastic and Reconstructive Surgery. 1992; 89(3):478-487 25 

122 Fry WR, Smith RS, Sayers DV, Henderson VJ, Morabito DJ, Tsoi EK et al. The success of duplex 26 
ultrasonographic scanning in diagnosis of extremity vascular proximity trauma. Archives of 27 
Surgery. 1993; 128(12):1368-1372 28 

123 Gifford SM, Aidinian G, Clouse WD, Fox CJ, Porras CA, Jones WT et al. Effect of temporary 29 
shunting on extremity vascular injury: an outcome analysis from the Global War on Terror 30 
vascular injury initiative. Journal of Vascular Surgery. 2009; 50(3):549-6 31 

124 Glass GE, Pearse M, Nanchahal J. The ortho-plastic management of Gustilo grade IIIB fractures of 32 
the tibia in children: a systematic review of the literature. Injury. 2009; 40(8):876-879 33 

125 Glenny C, Stolee P, Sheiban L, Jaglal S. Communicating during care transitions for older hip 34 
fracture patients: family caregiver and health care provider's perspectives. International Journal 35 
of Integrated Care. 2013; 13:e044 36 

126 Godina M. Early microsurgical reconstruction of complex trauma of the extremities. Plastic and 37 
Reconstructive Surgery. 1986; 78(3):285-292 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
91 

127 Goins WA, Rodriguez A, Lewis J, Brathwaite CE, James E. Retroperitoneal hematoma after blunt 1 
trauma. Surgery, Gynecology and Obstetrics. 1992; 174(4):281-290 2 

128 Gonzalez A, Suva D, Dunkel N, Nicodeme JD, Lomessy A, Lauper N et al. Are there clinical 3 
variables determining antibiotic prophylaxis-susceptible versus resistant infection in open 4 
fractures? International Orthopaedics. 2014; 38(11):2323-2327 5 

129 Gopal S, Majumder S, Batchelor AG, Knight SL, De Boer P, Smith RM. Fix and flap: the radical 6 
orthopaedic and plastic treatment of severe open fractures of the tibia. Journal of Bone and Joint 7 
Surgery - British Volume. 2000; 82(7):959-966 8 

130 Gougoulias N, Khanna A, Maffulli N. Open tibial fractures in the paediatric population: A 9 
systematic review of the literature. British Medical Bulletin. 2009; 91(1):75-85 10 

131 Gougoulias N, Khanna A, McBride DJ, Maffulli N. Management of calcaneal fractures: systematic 11 
review of randomized trials. British Medical Bulletin. 2009; 92(1):153-167 12 

132 Granchi T, Schmittling Z, Vasquez J, Schreiber M, Wall M. Prolonged use of intraluminal arterial 13 
shunts without systemic anticoagulation. American Journal of Surgery. 2000; 180(6):493-497 14 

133 Greenbaum B, Zionts LE, Ebramzadeh E. Open fractures of the forearm in children. Journal of 15 
Orthopaedic Trauma. 2001; 15(2):111-118 16 

134 Gregory RT, Gould RJ, Peclet M. The Mangled Extremity Syndrome (M.E.S.): A severity grading 17 
system for multisystem injury of the extremity. Journal of Trauma. 1985; 25(12):1147-1150 18 

135 Grimard G, Naudie D, Laberge LC, Hamdy RC. Open fractures of the tibia in children. Clinical 19 
Orthopaedics and Related Research. 1996;(332):62-70 20 

136 Grote S, Polzer H, Prall WC, Gill S, Shafizadeh S, Banerjee M et al. [Prevention of infection in the 21 
current treatment of open fractures: an evidence-based systematic analysis]. Der Orthopade. 22 
2012; 41(1):32-42 23 

137 Grubor P, Milicevic S, Biscevic M, Tanjga R. Selection of treatment method for pelvic ring 24 
fractures. Medicinski Arhiv. 2011; 65(5):278-282 25 

138 Guillamondegui OD, Mahboubi S, Stafford PW, Nance ML. The utility of the pelvic radiograph in 26 
the assessment of pediatric pelvic fractures. Journal of Trauma. 2003; 55(2):236-240 27 

139 Gulabi D, Toprak O, Sen C, Avci CC, Bilen E, Saglam F. The mid-term results of treatment for tibial 28 
pilon fractures. Ulusal Travma Ve Acil Cerrahi Dergisi. 2012; 18(5):429-435 29 

140 Guraya SY. Extremity vascular trauma in Pakistan. Saudi Medical Journal. 2004; 25(4):498-501 30 

141 Gustilo RB, Anderson JT. Prevention of infection in the treatment of one thousand and twenty-31 
five open fractures of long bones: retrospective and prospective analyses. Journal of Bone and 32 
Joint Surgery - American Volume. 1976; 58(4):453-458 33 

142 Haas CA, Brown SL, Spirnak JP. Limitations of routine spiral computerized tomography in the 34 
evaluation of bladder trauma. Journal of Urology. 1999; 162(1):51-52 35 

143 Haasbeek JF, Cole WG. Open fractures of the arm in children. Journal of Bone and Joint Surgery - 36 
British Volume. 1995; 77(4):576-581 37 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
92 

144 Halvorson J, Jinnah R, Kulp B, Frino J. Use of vacuum-assisted closure in pediatric open fractures 1 
with a focus on the rate of infection. Orthopedics. 2011; 34(7):e256-e260 2 

145 Hammer R, Lidman D, Nettelblad H, Ostrup L. Team approach to tibial fracture. 37 consecutive 3 
type III cases reviewed after 2-10 years. Acta Orthopaedica Scandinavica. 1992; 63(5):471-476 4 

146 Hansen EN, Manzano G, Kandemir U, Mok JM. Comparison of tissue oxygenation and 5 
compartment pressure following tibia fracture. Injury. 2013; 44(8):1076-1080 6 

147 Harley BJ, Beaupre LA, Jones CA, Dulai SK, Weber DW. The effect of time to definitive treatment 7 
on the rate of nonunion and infection in open fractures. Journal of Orthopaedic Trauma. 2002; 8 
16(7):484-490 9 

148 Harley JD, Mack LA, Winquist RA. CT of acetabular fractures: Comparison with conventional 10 
radiography. American Journal of Roentgenology. 1982; 138(3):413-417 11 

149 Harris AM, Patterson BM, Sontich JK, Vallier HA. Results and outcomes after operative treatment 12 
of high-energy tibial plafond fractures. Foot and Ankle International. 2006; 27(4):256-265 13 

150 Harvey EJ, Agel J, Selznick HS, Chapman JR, Henley MB. Deleterious effect of smoking on healing 14 
of open tibia-shaft fractures. American Journal of Orthopedics. 2002; 31(9):518-521 15 

151 Harwood PJ, Giannoudis PV, Probst C, Krettek C, Pape HC. The risk of local infective complications 16 
after damage control procedures for femoral shaft fracture. Journal of Orthopaedic Trauma. 17 
2006; 20(3):181-189 18 

152 Has B, Jovanovic S, Wertheimer B, Mikolasevic I, Grdic P. External fixation as a primary and 19 
definitive treatment of open limb fractures. Injury. 1995; 26(4):245-248 20 

153 Hatfield J, Arthur A, Phillips M, Howard Z, Shear M. Time savings by rapid EMS antibiotic therapy 21 
for fractures. Air Medical Journal. 2012; 31(5):225 22 

154 Hauser CJ, Adams CAJ, Eachempati SR, Council of the Surgical Infection Society. Surgical Infection 23 
Society guideline: prophylactic antibiotic use in open fractures: an evidence-based guideline. 24 
Surgical Infections. 2006; 7(4):379-405 25 

155 Hee HT, Wong HP, Low YP, Myers L. Predictors of outcome of floating knee injuries in adults: 89 26 
patients followed for 2-12 years. Acta Orthopaedica Scandinavica. 2001; 72(4):385-394 27 

156 Heier KA, Infante AF, Walling AK, Sanders RW. Open fractures of the calcaneus: soft-tissue injury 28 
determines outcome. Journal of Bone and Joint Surgery - American Volume. 2003; 85-29 
A(12):2276-2282 30 

157 Helfet DL, Koval K, Pappas J, Sanders RW, DiPasquale T. Intraarticular "pilon" fracture of the tibia. 31 
Clinical Orthopaedics and Related Research. 1994;(298):221-228 32 

158 Helland P, Boe A, Molster AO, Solheim E, Hordvik M. Open tibial fractures treated with the Ex-fi-33 
re external fixation system. Clinical Orthopaedics and Related Research. 1996;(326):209-220 34 

159 Henes FO, Nuchtern JV, Groth M, Habermann CR, Regier M, Rueger JM et al. Comparison of 35 
diagnostic accuracy of Magnetic Resonance Imaging and Multidetector Computed Tomography 36 
in the detection of pelvic fractures. European Journal of Radiology. 2012; 81(9):2337-2342 37 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
93 

160 Henley MB, Chapman JR, Agel J, Harvey EJ, Whorton AM, Swiontkowski MF. Treatment of type II, 1 
IIIA, and IIIB open fractures of the tibial shaft: a prospective comparison of unreamed 2 
interlocking intramedullary nails and half-pin external fixators. Journal of Orthopaedic Trauma. 3 
1998; 12(1):1-7 4 

161 Hernigou J, Schuind F. Smoking as a predictor of negative outcome in diaphyseal fracture healing. 5 
International Orthopaedics. 2013; 37(5):883-887 6 

162 Herwig-Kempers A, Veraart BE. Reduction of posterior dislocation of the hip in the prone 7 
position. Journal of Bone and Joint Surgery British Volume. 1993; 75(2):328 8 

163 Hierner R, Betz AM, Comtet JJ, Berger AC. Decision making and results in subtotal and total lower 9 
leg amputations: reconstruction versus amputation. Microsurgery. 1995; 16(12):830-839 10 

164 Higgins TF, Klatt JB, Beals TC. Lower Extremity Assessment Project (LEAP)--the best available 11 
evidence on limb-threatening lower extremity trauma. Orthopedic Clinics of North America. 12 
2010; 41(2):233-239 13 

165 Hillyard RF, Fox J. Sciatic nerve injuries associated with traumatic posterior hip dislocations. 14 
American Journal of Emergency Medicine. 2003; 21(7):545-548 15 

166 HM Revenue and Customs. Rates and thresholds for employers. 2014. Available from: 16 
https://www.gov.uk/rates-and-thresholds-for-employers-2014-to-2015 [Last accessed: 12 March 17 
2015] 18 

167 Hoffmann MF, Jones CB, Sietsema DL, Tornetta P, Koenig SJ. Clinical outcomes of locked plating 19 
of distal femoral fractures in a retrospective cohort. Journal of Orthopaedic Surgery and 20 
Research. 2013; 8:43 21 

168 Hohmann E, Tetsworth K, Radziejowski MJ, Wiesniewski TF. Comparison of delayed and primary 22 
wound closure in the treatment of open tibial fractures. Archives of Orthopaedic and Trauma 23 
Surgery. 2007; 127(2):131-136 24 

169 Holmes JF, Wisner DH. Indications and performance of pelvic radiography in patients with blunt 25 
trauma. American Journal of Emergency Medicine. 2012; 30(7):1129-1133 26 

170 Hommel A, Kock ML, Persson J, Werntoft E. The Patient's View of Nursing Care after Hip Fracture. 27 
ISRN Nursing. 2012; 2012:863291 28 

171 Hong SW, Seah CS, Kuek LB, Tan KC. Soft tissue cover in compound and complicated tibial 29 
fractures using microvascular flaps. Annals of the Academy of Medicine, Singapore. 1998; 30 
27(2):182-187 31 

172 Hoogendoorn JM, van der Werken C. The mangled leg. Decision-making based on scoring 32 
systems and outcome. European Journal of Trauma. 2002; 28(1):1-10 33 

173 Horn C, Dobele S, Vester H, Schaffler A, Lucke M, Stockle U. Combination of interfragmentary 34 
screws and locking plates in distal meta-diaphyseal fractures of the tibia: a retrospective, single-35 
centre pilot study. Injury. 2011; 42(10):1031-1037 36 

174 Horstman WG, McClennan BL, Heiken JP. Comparison of computed tomography and 37 
conventional cystography for detection of traumatic bladder rupture. Urologic Radiology. 1991; 38 
12(4):188-193 39 

http://www.gov.uk/rates-and-thresholds-for-employers-2014-to-2015


 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
94 

175 Hossieny P, Carey Smith R, Yates P, Carroll G. Efficacy of patient information concerning casts 1 
applied post-fracture. ANZ Journal of Surgery. 2012; 82(3):151-155 2 

176 Hou Z, Irgit K, Strohecker KA, Matzko ME, Wingert NC, DeSantis JG et al. Delayed flap 3 
reconstruction with vacuum-assisted closure management of the open IIIB tibial fracture. Journal 4 
of Trauma. 2011; 71(6):1705-1708 5 

177 Hougaard K, Thomsen PB. Traumatic posterior dislocation of the hip--prognostic factors 6 
influencing the incidence of avascular necrosis of the femoral head. Archives of Orthopaedic and 7 
Traumatic Surgery Archiv Fur Orthopadische Und Unfall-Chirurgie. 1986; 106(1):32-35 8 

178 Howe HRJ, Poole GVJ, Hansen KJ, Clark T, Plonk GW, Koman LA et al. Salvage of lower extremities 9 
following combined orthopedic and vascular trauma. A predictive salvage index. American 10 
Surgeon. 1987; 53(4):205-208 11 

179 Hu P, Zhang YZ. Surgical hemostatic options for damage control of pelvic fractures. Chinese 12 
Medical Journal. 2013; 126(12):2384-2389 13 

180 Hughes S. Prevention of infection in orthopaedic surgery. Prescribers' Journal. 1993; 33(5):191-14 
195 15 

181 Hull P. The management of open tibial fractures. European Journal of Orthopaedic Surgery and 16 
Traumatology. 2008; 18(6):441-447 17 

182 Hull PD, Johnson SC FAU, Stephen DJ FAU, Kreder HJ FAU, Jenkinson RJ. Delayed debridement of 18 
severe open fractures is associated with a higher rate of deep infection. Bone and Joint Journal. 19 
2014; 96B(3):379-384 20 

183 Hulsker CC, Kleinveld S, Zonnenberg CB, Hogervorst M, Bekerom MP. Evidence-based treatment 21 
of open ankle fractures. Archives of Orthopaedic and Trauma Surgery. 2011;(3):1545-1553 22 

184 Hutchinson AJP, Frampton AE, Bhattacharya R. Operative fixation for complex tibial fractures. 23 
Annals of the Royal College of Surgeons of England. 2012; 94(1):34-38 24 

185 Hutson JJJ, Dayicioglu D, Oeltjen JC, Panthaki ZJ, Armstrong MB. The treatment of gustilo grade 25 
IIIB tibia fractures with application of antibiotic spacer, flap, and sequential distraction 26 
osteogenesis. Annals of Plastic Surgery. 2010; 64(5):541-552 27 

186 Ibrahim T, Riaz M, Hegazy A, Erwin PJ, Tleyjeh IM. Delayed surgical debridement in pediatric open 28 
fractures: a systematic review and meta-analysis. Journal of Children's Orthopaedics. 2014; 29 
8(2):135-141 30 

187 Ikem IC, Oginni LM, Bamgboye EA. Open fractures of the lower limb in Nigeria. International 31 
Orthopaedics. 2001; 25(6):386-388 32 

188 Ikem IC, Oginni LM, Ogunlusi JD. Determinants of management outcome in open tibia fractures 33 
in Ile-Ife. Nigerian Journal of Surgical Research. 2006; 8(1-2):81-85 34 

189 Irajpour A, Kaji NS, Nazari F, Azizkhani R, Zadeh AH. A comparison between the effects of simple 35 
and traction splints on pain intensity in patients with femur fractures. Iranian Journal of Nursing 36 
and Midwifery Research. 2012; 17(7):530-533 37 

190 Jacob E, Erpelding JM, Murphy KP. A retrospective analysis of open fractures sustained by U.S. 38 
military personnel during Operation Just Cause. Military Medicine. 1992; 157(10):552-556 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
95 

191 Jacob JR, Rao JP, Ciccarelli C. Traumatic dislocation and fracture dislocation of the hip. A long-1 
term follow-up study. Clinical Orthopaedics and Related Research. 1987;(214):249-263 2 

192 Jariwala AC, Kandasamy, Abboud RJ, Wigderowitz CA. Patients and the Internet: a demographic 3 
study of a cohort of orthopaedic out-patients. Surgeon. 2004; 2(2):103-106 4 

193 Jenkinson RJ, Kiss A, Johnson S, Stephen DJG, Kreder HJ. Delayed wound closure increases deep-5 
infection rate associated with lower-grade open fractures: a propensity-matched cohort study. 6 
Journal of Bone and Joint Surgery - American Volume. 2014; 96(5):380-386 7 

194 Johnston-Walker E, Hardcastle J. Neurovascular assessment in the critically ill patient. Nursing in 8 
Critical Care. 2011; 16(4):170-177 9 

195 Jones BG, Duncan RDD. Open tibial fractures in children under 13 years of age--10 years 10 
experience. Injury. 2003; 34(10):776-780 11 

196 Joshi D, Singh D, Ansari J, Lal Y. Immediate open reduction and internal fixation in open ankle 12 
fractures. Journal of the American Podiatric Medical Association. 2006; 96(2):120-124 13 

197 Joveniaux P, Ohl X, Harisboure A, Berrichi A, Labatut L, Simon P et al. Distal tibia fractures: 14 
management and complications of 101 cases. International Orthopaedics. 2010; 34(4):583-588 15 

198 Kai H, Yokoyama K, Shindo M, Itoman M. Problems of various fixation methods for open tibia 16 
fractures: experience in a Japanese level I trauma center. American Journal of Orthopedics. 1998; 17 
27(9):631-636 18 

199 Kailidou E, Pikoulis E, Katsiva V, Karavokyros IG, Athanassopoulou A, Papakostantinou I et al. 19 
Contrast-enhanced spiral CT evaluation of blunt abdominal trauma. JBR-BTR. 2005; 88(2):61-65 20 

200 Kakar S, Tornetta P. Segmental tibia fractures: a prospective evaluation. Clinical Orthopaedics 21 
and Related Research. 2007; 460:196-201 22 

201 Kalyani BS, Fisher BE, Roberts CS, Giannoudis PV. Compartment syndrome of the forearm: a 23 
systematic review. Journal of Hand Surgery - American Volume. 2011; 36(3):535-543 24 

202 Kamath JB, Shetty MS, Joshua TV, Kumar A, Harshvardhan, Naik DM. Soft tissue coverage in open 25 
fractures of tibia. Indian Journal of Orthopaedics. 2012; 46(4):462-469 26 

203 Kane NM, Francis IR, Ellis JH. The value of CT in the detection of bladder and posterior urethral 27 
injuries. AJR American Journal of Roentgenology. 1989; 153(6):1243-1246 28 

204 Kapukaya A, Subasi M, Arslan H. Management of comminuted closed tibial plafond fractures 29 
using circular external fixators. Acta Orthopaedica Belgica. 2005; 71(5):582-589 30 

205 Katsenis D, Dendrinos G, Kouris A, Savas N, Schoinochoritis N, Pogiatzis K. Combination of fine 31 
wire fixation and limited internal fixation for high-energy tibial plateau fractures: functional 32 
results at minimum 5-year follow-up. Journal of Orthopaedic Trauma. 2009; 23(7):493-501 33 

206 Kazakos K, Lyras DN, Verettas D, Tilkeridis K, Tryfonidis M. The use of autologous PRP gel as an 34 
aid in the management of acute trauma wounds. Injury. 2009; 40(8):801-805 35 

207 Keating JF, Blachut PA, O'Brien PJ, Meek RN, Broekhuyse H. Reamed nailing of open tibial 36 
fractures: does the antibiotic bead pouch reduce the deep infection rate? Journal of Orthopaedic 37 
Trauma. 1996; 10(5):298-303 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
96 

208 Keel M, Trentz O. (ii) Acute management of pelvic ring fractures. Current Orthopaedics. 2005; 1 
19(5):334-344 2 

209 Keeling JJ, Gwinn DE, Tintle SM, Andersen RC, McGuigan FX. Short-term outcomes of severe open 3 
wartime tibial fractures treated with ring external fixation. Journal of Bone and Joint Surgery - 4 
American Volume. 2008; 90(12):2643-2651 5 

210 Keen JS, Desai PP, Smith CS, Suk M. Efficacy of hydrosurgical debridement and nanocrystalline 6 
silver dressings for infection prevention in type II and III open injuries. International Wound 7 
Journal. 2012; 9(1):7-13 8 

211 Kendig RJ. Operative treatment of fractures of the tibial plafond. A randomized, prospective 9 
study. Journal of Bone and Joint Surgery - American Volume. 1997; 79(12):1893-1894 10 

212 Kesemenli CC, Kapukaya A, Subasi M, Arslan H, Necmioglu S, Kayikci C. Early prophylactic 11 
autogenous bone grafting in type III open tibial fractures. Acta Orthopaedica Belgica. 2004; 12 
70(4):327-331 13 

213 Ketz J, Sanders R. Results of staged posterior fixation in the treatment of high-energy tibial pilon 14 
fractures. Fuss Und Sprunggelenk. 2012; 10(1):27-36 15 

214 Ketz J, Sanders R. Staged posterior tibial plating for the treatment of Orthopaedic Trauma 16 
Association 43C2 and 43C3 tibial pilon fractures. Journal of Orthopaedic Trauma. 2012; 17 
26(6):341-347 18 

215 Khatod M, Botte MJ, Hoyt DB, Meyer RS, Smith JM, Akeson WH. Outcomes in open tibia 19 
fractures: relationship between delay in treatment and infection. Journal of Trauma. 2003; 20 
55(5):949-954 21 

216 Kim JW, Oh CW, Jung WJ, Kim JS. Minimally invasive plate osteosynthesis for open fractures of 22 
the proximal tibia. Clinics in Orthopedic Surgery. 2012; 4(4):313-320 23 

217 Kindsfater K, Jonassen EA. Osteomyelitis in grade II and III open tibia fractures with late 24 
debridement. Journal of Orthopaedic Trauma. 1995; 9(2):121-127 25 

218 Kinzel V, Skirving AP, Wren MN, Zellweger R. Sideswipe injuries to the elbow in Western 26 
Australia. Medical Journal of Australia. 2006; 184(9):447-450 27 

219 Kirby MW, Spritzer C. Radiographic detection of hip and pelvic fractures in the emergency 28 
department. AJR American Journal of Roentgenology. 2010; 194(4):1054-1060 29 

220 Korkmaz A, Ciftdemir M, Ozcan M, Copuroglu C, Saridogan K. The analysis of the variables, 30 
affecting outcome in surgically treated tibia pilon fractured patients. Injury. 2013; 44(10):1270-31 
1274 32 

221 Koulouvaris P, Stafylas K, Mitsionis G, Vekris M, Mavrodontidis A, Xenakis T. Long-term results of 33 
various therapy concepts in severe pilon fractures. Archives of Orthopaedic and Trauma Surgery. 34 
2007; 127(5):313-320 35 

222 Kreder HJ, Armstrong P. A review of open tibia fractures in children. Journal of Pediatric 36 
Orthopaedics. 1995; 15(4):482-488 37 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
97 

223 Krettek C, Kontopp H, Tscherne H, Seekamp A. Erratum: Hannover Fracture Scale '98 - Re-1 
evaluation and new perspectives of an established extremity salvage score (Injury 32; 4 (317-328) 2 
(2001) PII: S0020138300002011). Injury. 2001; 32(7):611 3 

224 Kulshrestha V. Incidence of infection after early intramedullary nailing of open tibial shaft 4 
fractures stabilized with pinless external fixators. Indian Journal of Orthopaedics. 2008; 5 
42(4):401-409 6 

225 Kurylo JC, Axelrad TW, Tornetta P, Jawa A. Open fractures of the distal radius: the effects of 7 
delayed debridement and immediate internal fixation on infection rates and the need for 8 
secondary procedures. Journal of Hand Surgery - American Volume. 2011; 36(7):1131-1134 9 

226 Lai CH, Kam CW. Bleeding pelvic fractures: Updates and controversies in acute phase 10 
management. Hong Kong Journal of Emergency Medicine. 2008; 15(1):36-42 11 

227 Lam K, Chan SWC, Lam SC. Level of psychological distress and social support among patients with 12 
limb fractures in Hong Kong. Journal of Clinical Nursing. 2011; 20(5-6):784-793 13 

228 Langford JR, Burgess AR, Liporace FA, Haidukewych GJ. Pelvic fractures: part 2. Contemporary 14 
indications and techniques for definitive surgical management. Journal of the American Academy 15 
of Orthopaedic Surgeons. 2013; 21(8):458-468 16 

229 Laohapensang K, Prathnadi P, Lumley JSP. Intraluminal shunting for limb-threatening vascular 17 
injuries. Asian Journal of Surgery. 1994; 17(4):371-376 18 

230 Laughlin RT, Smith KL, Russell RC, Hayes JM. Late functional outcome in patients with tibia 19 
fractures covered with free muscle flaps. Journal of Orthopaedic Trauma. 1993; 7(2):123-129 20 

231 Lembo DE, Gorosito I, Nieto J, Ventureli E. Use of external splints in the treatment of exposed 21 
fractures of the leg. Boletines y Trabajos De La Sociedad Argentina De Ortopedia y 22 
Traumatologia. 1975; 40(3):305-306 23 

232 Lenarz CJ, Watson JT, Moed BR, Israel H, Mullen JD, Macdonald JB. Timing of wound closure in 24 
open fractures based on cultures obtained after debridement. Journal of Bone and Joint Surgery - 25 
American Volume. 2010; 92(10):1921-1926 26 

233 Leong CM, Leong AP, Low BY. Management of open tibia fractures. Singapore Medical Journal. 27 
1988; 29(1):42-44 28 

234 Leonidou A, Kiraly Z, Gality H, Apperley S, Vanstone S, Woods DA. The effect of the timing of 29 
antibiotics and surgical treatment on infection rates in open long-bone fractures: a 6-year 30 
prospective study after a change in policy. Strategies in Trauma and Limb Reconstruction. 2014; 31 
9(3):167-171 32 

235 Levy BA, Zlowodzki MP, Graves M, Cole PA. Screening for extermity arterial injury with the 33 
arterial pressure index. American Journal of Emergency Medicine. 2005; 23(5):689-695 34 

236 Li Y, Liu L, Tang X, Pei F, Wang G, Fang Y et al. Comparison of low, multidirectional locked nailing 35 
and plating in the treatment of distal tibial metadiaphyseal fractures. International Orthopaedics. 36 
2012; 36(7):1457-1462 37 

237 Liu DSH, Sofiadellis F, Ashton M, MacGill K, Webb A. Early soft tissue coverage and negative 38 
pressure wound therapy optimises patient outcomes in lower limb trauma. Injury. 2012; 39 
43(6):772-778 40 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
98 

238 Lord RS, Irani CN. Assessment of arterial injury in limb trauma. Journal of Trauma. 1974; 1 
14(12):1042-1053 2 

239 Lowenberg DW, Feibel RJ, Louie KW, Eshima I. Combined muscle flap and Ilizarov reconstruction 3 
for bone and soft tissue defects. Clinical Orthopaedics and Related Research. 1996;(332):37-51 4 

240 Luckhoff C, Mitra B, Cameron PA, Fitzgerald M, Royce P. The diagnosis of acute urethral trauma. 5 
Injury. 2011; 42(9):913-916 6 

241 Lustenberger T, Meier C, Benninger E, Lenzlinger PM, Keel MJB. C-clamp and pelvic packing for 7 
control of hemorrhage in patients with pelvic ring disruption. Journal of Emergencies, Trauma, 8 
and Shock. 2011; 4(4):477-482 9 

242 Ly TV, Travison TG, Castillo RC, Bosse MJ, MacKenzie EJ, LEAP Study Group. Ability of lower-10 
extremity injury severity scores to predict functional outcome after limb salvage. Journal of Bone 11 
and Joint Surgery American Volume. 2008; 90(8):1738-1743 12 

243 Mack AW, Freedman BA, Groth AT, Kirk KL, Keeling JJ, Andersen RC. Treatment of open proximal 13 
femoral fractures sustained in combat. Journal of Bone and Joint Surgery - American Volume. 14 
2013; 95(3):e13 15 

244 MacKenzie EJ, Bosse MJ. Factors influencing outcome following limb-threatening lower limb 16 
trauma: lessons learned from the Lower Extremity Assessment Project (LEAP). Journal of the 17 
American Academy of Orthopaedic Surgeons. 2006; 14(10 Spec No.):S205-S210 18 

245 MacLean LD. The diagnosis and treatment of arterial injuries of the upper extremity. Surgical 19 
Clinics of North America. 1964; 44:1037-1047 20 

246 Macleod M, Chesson RA, Blackledge P, Hutchison JD, Ruta N. To what extent are carers involved 21 
in the care and rehabilitation of patients with hip fracture? Disability and Rehabilitation. 2005; 22 
27(18-19):1117-1122 23 

247 Magid D, Fishman EK, Brooker AFJ, Mandelbaum BR, Siegelman SS. Multiplanar computed 24 
tomography of acetabular fractures. Journal of Computer Assisted Tomography. 1986; 10(5):778-25 
783 26 

248 Malik MHA, Harwood P, Diggle P, Khan SA. Factors affecting rates of infection and nonunion in 27 
intramedullary nailing. Journal of Bone and Joint Surgery - British Volume. 2004; 86(4):556-560 28 

249 Malin Malmgren RN, Eva TÃƒÂ¶rnvall RN, Inger Jansson RN. Patients with hip fracture: 29 
Experiences of participation in care. International Journal of Orthopaedic and Trauma Nursing. 30 
2014; 18(3):143-150 31 

250 Mandracchia VJ, Evans RD, Nelson SC, Smith KM. Pilon fractures of the distal tibia. Clinics in 32 
Podiatric Medicine and Surgery. 1999; 16(4):743-767 33 

251 Marchetti ME, Steinberg GG, Coumas JM. Intermediate-term experience of Pipkin fracture-34 
dislocations of the hip. Journal of Orthopaedic Trauma. 1996; 10(7):455-461 35 

252 Marks W, Dawid S, Lasek J, Witkowski Z, Golabek-Dropiewska K, Stasiak M. Posterior urethra 36 
rupture: contrast-enhanced computed tomography scan and urethrocystography 37 
demonstrations. Case Reports in Urology. 2012; 2012:109589 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
99 

253 Marsh JL. External fixation is the treatment of choice for fractures of the tibial plafond. Journal of 1 
Orthopaedic Trauma. 1999; 13(8):583-585 2 

254 Marsh JL, Bonar S, Nepola JV, DeCoster TA, Hurwitz SR. Use of an articulated external fixator for 3 
fractures of the tibial plafond. Journal of Bone and Joint Surgery American Volume. 1995; 4 
77(10):1498-1509 5 

255 Mauffrey C, Cuellar Iii DO, Pieracci F, Hak DJ, Hammerberg EM, Stahel PF et al. Strategies for the 6 
management of haemorrhage following pelvic fractures and associated trauma-induced 7 
coagulopathy. Bone and Joint Journal. 2014; 96-B(9):1143-1154 8 

256 Mauffrey C, Vasario G, Battiston B, Lewis C, Beazley J, Seligson D. Tibial pilon fractures: a review 9 
of incidence, diagnosis, treatment, and complications. Acta Orthopaedica Belgica. 2011; 10 
77(4):432-440 11 

257 Mayich DJ, Tieszer C, Lawendy A, McCormick W, Sanders D. Role of patient information handouts 12 
following operative treatment of ankle fractures: a prospective randomized study. Foot and 13 
Ankle International. 2013; 34(1):2-7 14 

258 Mayne AI, Perry DC, Stables G, Dhotare S, Bruce CE. Documentation of neurovascular status in 15 
supracondylar fractures and the development of an assessment proforma. Emergency Medicine 16 
Journal. 2013; 30(6):480-482 17 

259 McCaul JK, McCaul MG. Pre-hospital antibiotics for open fractures: Is there time? A descriptive 18 
study. African Journal of Emergency Medicine. 2013; 3(4 Suppl.1):S20 19 

260 McFerran MA, Smith SW, Boulas HJ, Schwartz HS. Complications encountered in the treatment of 20 
pilon fractures. Journal of Orthopaedic Trauma. 1992; 6(2):195-200 21 

261 McKee MD, Garay ME, Schemitsch EH, Kreder HJ, Stephen DJ. Irreducible fracture-dislocation of 22 
the hip: a severe injury with a poor prognosis. Journal of Orthopaedic Trauma. 1998; 12(4):223-23 
229 24 

262 McLain RF, Steyers C, Stoddard M. Infections in open fractures of the hand. Journal of Hand 25 
Surgery - American Volume. 1991; 16(1):108-112 26 

263 McQueen MM, Court-Brown. Compartment monitoring in tibial fractures. The pressure threshold 27 
for decompression. Journal of Bone and Joint Surgery - British Volume. 1996; 78(1):99-104 28 

264 Meadows LM, Mrkonjic L, Lagendyk L. Women's perceptions of future risk after low-energy 29 
fractures at midlife. Annals of Family Medicine. 2005; 3(1):64-69 30 

265 Mehlman CT, Hubbard GW, Crawford AH, Roy DR, Wall EJ. Traumatic hip dislocation in children. 31 
Long-term followup of 42 patients. Clinical Orthopaedics and Related Research. 2000;(376):68-79 32 

266 Mehta S, Routt MLC. Irreducible fracture-dislocations of the femoral head without posterior wall 33 
acetabular fractures. Journal of Orthopaedic Trauma. 2008; 22(10):686-692 34 

267 Meredith P, Gillham NR. NHS provision for the treatment of ankle fractures: a patient satisfaction 35 
study. Journal of the Royal Society of Medicine. 1993; 86(6):332-335 36 

268 Metsemakers WJ, Handojo K, Reynders P, Sermon A, Vanderschot P, Nijs S. Individual risk factors 37 
for deep infection and compromised fracture healing after intramedullary nailing of tibial shaft 38 
fractures: A single centre experience of 480 patients. Injury. 2015; 46(4):740-745 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
100 

269 Min W, Ding BC, Tejwani NC. Staged versus acute definitive management of open distal humerus 1 
fractures. Journal of Trauma. 2011; 71(4):944-947 2 

270 Mittlmeier T, Machler G, Lob G, Mutschler W, Bauer G, Vogl T. Compartment syndrome of the 3 
foot after intraarticular calcaneal fracture. Clinical Orthopaedics and Related Research. 4 
1991;(269):241-248 5 

271 Mlyncek M, Uharcek P, Obert A. The management of a life-threatening pelvic hemorrhage in 6 
obstetrics and gynecology. Journal of Gynecologic Surgery. 2005; 21(2):43-53 7 

272 Moda SK, Kalra GS, Gupta RS, Maggu NK, Gupta RK, Kalra MK. The role of early flap coverage in 8 
the management of open fractures of both bones of the leg. Injury. 1994; 25(2):83-85 9 

273 Modin M, Ramos T, Stomberg MW. Postoperative impact of daily life after primary treatment of 10 
proximal/distal tibiafracture with Ilizarov external fixation. Journal of Clinical Nursing. 2009; 11 
18(24):3498-3506 12 

274 Moed BR, Carr SE, Watson JT. Open reduction and internal fixation of posterior wall fractures of 13 
the acetabulum. Clinical Orthopaedics and Related Research. 2000;(377):57-67 14 

275 Moed BR, WillsonCarr SE, Watson JT. Results of operative treatment of fractures of the posterior 15 
wall of the acetabulum. Journal of Bone and Joint Surgery American Volume. 2002; 84-A(5):752-16 
758 17 

276 Moehring HD, Gravel C, Chapman MW, Olson SA. Comparison of antibiotic beads and 18 
intravenous antibiotics in open fractures. Clinical Orthopaedics and Related Research. 19 
2000;(372):254-261 20 

277 Mokoena T, Naidu AG. Diagnostic difficulties in patients with a ruptured bladder. British Journal 21 
of Surgery. 1995; 82(1):69-70 22 

278 Morey AF, Iverson AJ, Swan A, Harmon WJ, Spore SS, Bhayani S et al. Bladder rupture after blunt 23 
trauma: guidelines for diagnostic imaging. Journal of Trauma. 2001; 51(4):683-686 24 

279 Morgan DE, Nallamala LK, Kenney PJ, Mayo MS, Rue LW. CT cystography: radiographic and 25 
clinical predictors of bladder rupture. AJR American Journal of Roentgenology. 2000; 174(1):89-26 
95 27 

280 Morsy Drch HA. Preliminary results and complications following limited open reduction and 28 
percutaneous screw fixation of displaced fractures of the actabulum. Injury. 2001; 32(SUPPL. 29 
1):45-50 30 

281 Moues CM, Vos MC, van den Bemd GJ, Stijnen T, Hovius SE. Bacterial load in relation to vacuum-31 
assisted closure wound therapy: a prospective randomized trial. Wound Repair and 32 
Regeneration. 2004; 12(1):11-17 33 

282 Naique SB, Pearse M, Nanchahal J. Management of severe open tibial fractures: the need for 34 
combined orthopaedic and plastic surgical treatment in specialist centres. Journal of Bone and 35 
Joint Surgery - British Volume. 2006; 88(3):351-357 36 

283 NHS EMPLOYERS. Terms and Conditions of Service NHS Medical and Dental Staff (England) 2002, 37 
2002. Available from: 38 
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Terms_a39 
nd_Conditions_of_Service_NHS_Medical_and_Dental_Staff_300813_bt.pdf 40 

http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Terms_and_Conditions_of_Service_NHS_Medical_and_Dental_Staff_300813_bt.pdf
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Terms_and_Conditions_of_Service_NHS_Medical_and_Dental_Staff_300813_bt.pdf


 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
101 

284 NHS EMPLOYERS. Terms and Conditions – Consultants (England) 2003. The terms and conditions 1 
set out in this document shall incorporate, and be read,  subject to any amendments which are 2 
from time to time the subject of negotiation by the appropriate negotiation bodies and are 3 
approved by the Secretary of State after considering the results of such negotiations. Any 4 
amendments should be published., 2003. Available from: 5 
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Consult6 
ant_Contract_V9_Revised_Terms_and_Conditions_300813_bt.pdf 7 

285 NHS Staff Council. NHS terms and conditions of service handbook, 2015. Available from: 8 
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/AfC_tc_9 
of_service_handbook_fb.pdf 10 

286 Nichols JG, Svoboda JA, Parks SN. Use of temporary intraluminal shunts in selected peripheral 11 
arterial injuries. Journal of Trauma. 1986; 26(12):1094-1096 12 

287 Nielsen D, Huniche L, Brixen K, Sahota O, Masud T. Handling knowledge on osteoporosis--a 13 
qualitative study. Scandinavian Journal of Caring Sciences. 2013; 27(3):516-524 14 

288 Noumi T, Yokoyama K, Ohtsuka H, Nakamura K, Itoman M. Intramedullary nailing for open 15 
fractures of the femoral shaft: evaluation of contributing factors on deep infection and nonunion 16 
using multivariate analysis. Injury. 2005; 36(9):1085-1093 17 

289 Nuchtern JV, Hartel MJ, Henes FO, Groth M, Jauch SY, Haegele J et al. Significance of clinical 18 
examination, CT and MRI scan in the diagnosis of posterior pelvic ring fractures. Injury. 2015; 19 
46(2):315-319 20 

290 O'Brien L, Presnell S. Patient experience of distraction splinting for complex finger fracture 21 
dislocations. Journal of Hand Therapy. 2010; 23(3):249-260 22 

291 O'Flanagan SJ, Fulton G, O'Beirne J, McElwain JP. Operative fixation of unstable pelvic ring 23 
injuries in polytrauma patients. Irish Journal of Medical Science. 1992; 161(2):39-41 24 

292 O'Shea K, Quinlan JF, Waheed K, Brady OH. The usefulness of computed tomography following 25 
open reduction and internal fixation of acetabular fractures. Journal of Orthopaedic Surgery. 26 
2006; 14(2):127-132 27 

293 O'Sullivan ST, O'Sullivan M, Pasha N, O'Shaughnessy M, O'Connor TP. Is it possible to predict limb 28 
viability in complex Gustilo IIIB and IIIC tibial fractures? A comparison of two predictive indices. 29 
Injury. 1997; 28(9-10):639-642 30 

294 O'Toole GC, O'Grady P, Beddy P, McElwain JP. A critical appraisal of the out-patient fracture 31 
clinic: is communication really the key? Irish Medical Journal. 2001; 94(2):41-42 32 

295 Obaid AK, Barleben A, Porral D, Lush S, Cinat M. Utility of plain film pelvic radiographs in blunt 33 
trauma patients in the emergency department. American Surgeon. 2006; 72(10):951-954 34 

296 Office for National Statistics. Interim life tables 2010-2012. 2013. Available from: 35 
http://www.ons.gov.uk/ons/rel/lifetables/interim-life-tables/2010-2012/index.html [Last 36 
accessed: 24 October 2013] 37 

297 Ogbemudia AO, Bafor A, Edomwonyi E, Enemudo R. Prevalence of pin tract infection: the role of 38 
combined silver sulphadiazine and chlorhexidine dressing. Nigerian Journal of Clinical Practice. 39 
2010; 13(3):268-271 40 

http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Consultant_Contract_V9_Revised_Terms_and_Conditions_300813_bt.pdf
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/Consultant_Contract_V9_Revised_Terms_and_Conditions_300813_bt.pdf
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/AfC_tc_of_service_handbook_fb.pdf
http://www.nhsemployers.org/~/media/Employers/Documents/Pay%20and%20reward/AfC_tc_of_service_handbook_fb.pdf
http://www.ons.gov.uk/ons/rel/lifetables/interim-life-tables/2010-2012/index.html


 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
102 

298 Ogunlusi JD, Oginni LM, Ikem IC. Compartmental pressure in adults with tibial fracture. 1 
International Orthopaedics. 2005; 29(2):130-133 2 

299 Okcu G, Aktuglu K. Intra-articular fractures of the tibial plafond. A comparison of the results using 3 
articulated and ring external fixators. Journal of Bone and Joint Surgery British Volume. 2004; 4 
86(6):868-875 5 

300 Okonta HI, Malemo KL, Ogunbanjo GA. The experience and psychosocial needs of patients with 6 
traumatic fractures treated for more than six months at doctors on call for service hospital, 7 
Goma, Democratic republic of Congo. South African Family Practice. 2011; 53(2):189-192 8 

301 Olson B, Ustanko L. Self-care needs of patients in the halo brace. Orthopaedic Nursing. 1990; 9 
9(1):27-52 10 

302 Osborn PM, Smith WR, Moore EE, Cothren CC, Morgan SJ, Williams AE et al. Direct 11 
retroperitoneal pelvic packing versus pelvic angiography: A comparison of two management 12 
protocols for haemodynamically unstable pelvic fractures. Injury. 2009; 40(1):54-60 13 

303 Ovadia DN, Beals RK. Fractures of the tibial plafond. Journal of Bone and Joint Surgery American 14 
Volume. 1986; 68(4):543-551 15 

304 Ovre S, Hvaal K, Holm I, Stromsoe K, Nordsletten L, Skjeldal S. Compartment pressure in nailed 16 
tibial fractures. A threshold of 30 mmHg for decompression gives 29% fasciotomies. Archives of 17 
Orthopaedic and Trauma Surgery. 1998; 118(1-2):29-31 18 

305 Pao DM, Ellis JH, Cohan RH, Korobkin M. Utility of routine trauma CT in the detection of bladder 19 
rupture. Academic Radiology. 2000; 7(5):317-324 20 

306 Papadokostakis G, Kontakis G, Giannoudis P, Hadjipavlou A. External fixation devices in the 21 
treatment of fractures of the tibial plafond: a systematic review of the literature. Journal of Bone 22 
and Joint Surgery British Volume. 2008; 90(1):1-6 23 

307 Papakostidis C, Kanakaris NK, Pretel J, Faour O, Morell DJ, Giannoudis PV. Prevalence of 24 
complications of open tibial shaft fractures stratified as per the Gustilo-Anderson classification. 25 
Injury. 2011; 42(12):1408-1415 26 

308 Park HJ, Uchino M, Nakamura M, Ueno M, Kojima Y, Itoman M et al. Immediate interlocking 27 
nailing versus external fixation followed by delayed interlocking nailing for Gustilo type IIIB open 28 
tibial fractures. Journal of Orthopaedic Surgery. 2007; 15(2):131-136 29 

309 Parrett BM, Matros E, Pribaz JJ, Orgill DP. Lower extremity trauma: trends in the management of 30 
soft-tissue reconstruction of open tibia-fibula fractures. Plastic and Reconstructive Surgery. 2006; 31 
117(4):1315-4 32 

310 Patzakis MJ, Wilkins J. Factors influencing infection rate in open fracture wounds. Clinical 33 
Orthopaedics and Related Research. 1989;(243):36-40 34 

311 Patzakis MJ, Wilkins J, Moore TM. Use of antibiotics in open tibial fractures. Clinical Orthopaedics 35 
and Related Research. 1983;(178):31-35 36 

312 Paydar S, Ghaffarpasand F, Foroughi M, Saberi A, Dehghankhalili M, Abbasi H et al. Role of 37 
routine pelvic radiography in initial evaluation of stable, high-energy, blunt trauma patients. 38 
Emergency Medicine Journal. 2013; 30(9):724-727 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
103 

313 Peng MY, Parisky YR, Cornwell EE, Radin R, Bragin S. CT cystography versus conventional 1 
cystography in evaluation of bladder injury. AJR American Journal of Roentgenology. 1999; 2 
173(5):1269-1272 3 

314 Pierce ROJ, Heinrich JH. Comminuted intra-articular fractures of the distal tibia. Journal of 4 
Trauma. 1979; 19(11):828-832 5 

315 Pieroni S, Foster BR, Anderson SW, Kertesz JL, Rhea JT, Soto JA. Use of 64-row multidetector CT 6 
angiography in blunt and penetrating trauma of the upper and lower extremities. Radiographics. 7 
2009; 29(3):863-876 8 

316 Pizanis A, Pohlemann T, Burkhardt M, Aghayev E, Holstein JH. Emergency stabilization of the 9 
pelvic ring: Clinical comparison between three different techniques. Injury. 2013; 44(12):1760-10 
1764 11 

317 Plaisier BR, Meldon SW, Super DM, Malangoni MA. Improved outcome after early fixation of 12 
acetabular fractures. Injury. 2000; 31(2):81-84 13 

318 Podeszwa DA, Mooney III JF, Cramer KE, Mendelow MJ. Comparison of Pavlik harness application 14 
and immediate spica casting for femur fractures in infants. Journal of Pediatric Orthopaedics. 15 
2004; 24(5):460-462 16 

319 Pollak AN, McCarthy ML, Burgess AR. Short-term wound complications after application of flaps 17 
for coverage of traumatic soft-tissue defects about the tibia. The Lower Extremity Assessment 18 
Project (LEAP) Study Group. Journal of Bone and Joint Surgery - American Volume. 2000; 82-19 
A(12):1681-1691 20 

320 Pollak AN, Jones AL, Castillo RC, Bosse MJ, MacKenzie EJ, LEAP Study Group. The relationship 21 
between time to surgical debridement and incidence of infection after open high-energy lower 22 
extremity trauma. Journal of Bone and Joint Surgery - American Volume. 2010; 92(1):7-15 23 

321 Pollak AN, McCarthy ML, Bess RS, Agel J, Swiontkowski MF. Outcomes after treatment of high-24 
energy tibial plafond fractures. Journal of Bone and Joint Surgery - American Volume. 2003; 85-25 
A(10):1893-1900 26 

322 Poole GV, Agnew SG, Griswold JA, Rhodes RS. The mangled lower extremity: can salvage be 27 
predicted? American Surgeon. 1994; 60(1):50-55 28 

323 Potter HG, Montgomery KD, Heise CW, Helfet DL. MR imaging of acetabular fractures: value in 29 
detecting femoral head injury, intraarticular fragments, and sciatic nerve injury. AJR American 30 
Journal of Roentgenology. 1994; 163(4):881-886 31 

324 Ptak T, Rhea JT, Novelline RA. Experience with a continuous, single-pass whole-body 32 
multidetector CT protocol for trauma: The three-minute multiple trauma CT scan. Emergency 33 
Radiology. 2001; 8(5):250-256 34 

325 Pugh KJ, Wolinsky PR, McAndrew MP, Johnson KD. Tibial pilon fractures: a comparison of 35 
treatment methods. Journal of Trauma. 1999; 47(5):937-941 36 

326 Puha B, Petreus T, Berea G, Sirbu PD, Puha G, Alexa O. Surgical approach in difficult tibial pilon 37 
fractures. Chirurgia. 2014; 109(1):104-110 38 

327 Purghel F, Badea MR, Ciuvica R, Jemna C. Surgical treatment in tibial plafond fractures-our 39 
experience. European Orthopaedics and Traumatology. 2012; 3(4):239-242 40 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
104 

328 Quagliano PV, Delair SM, Malhotra AK. Diagnosis of blunt bladder injury: A prospective 1 
comparative study of computed tomography cystography and conventional retrograde 2 
cystography. Journal of Trauma. 2006; 61(2):410-412 3 

329 Radoicic D, Micic I, Dasic Z, Kosutic M. Does timing of surgery affect the outcome of open 4 
articular distal humerus fractures. European Journal of Orthopaedic Surgery and Traumatology. 5 
2014; 24(5):777-782 6 

330 Rajasekaran S, Dheenadhayalan J, Babu JN, Sundararajan SR, Venkatramani H, Sabapathy SR. 7 
Immediate primary skin closure in type-III A and B open fractures: results after a minimum of five 8 
years. Journal of Bone and Joint Surgery - British Volume. 2009; 91(2):217-224 9 

331 Rao P, Schaverien MV, Stewart KJ. Soft tissue management of children's open tibial fractures--a 10 
review of seventy children over twenty years. Annals of the Royal College of Surgeons of England. 11 
2010; 92(4):320-325 12 

332 Rasool G, Ahmed MU, Iqbal M, Khwaja Z. Vacuum assited wound closure and normal saline 13 
dressing in treatment of Gustilo type II, type IIIa and IIIb open fracture of tibia. Rawal Medical 14 
Journal. 2013; 38(4):382-384 15 

333 Reber PU, Patel AG, Sapio NL, Ris HB, Beck M, Kniemeyer HW. Selective use of temporary 16 
intravascular shunts in coincident vascular and orthopedic upper and lower limb trauma. Journal 17 
of Trauma. 1999; 47(1):72-76 18 

334 Redmond JM, Levy BA, Dajani KA, Cass JR, Cole PA. Detecting vascular injury in lower-extremity 19 
orthopedic trauma: the role of CT angiography. Orthopedics. 2008; 31(8):761-767 20 

335 Rehm CG, Mure AJ, O'Malley KF, Ross SE. Blunt traumatic bladder rupture: the role of retrograde 21 
cystogram. Annals of Emergency Medicine. 1991; 20(8):845-847 22 

336 Resnik CS, Stackhouse DJ, Shanmuganathan K, Young JW. Diagnosis of pelvic fractures in patients 23 
with acute pelvic trauma: efficacy of plain radiographs. AJR American Journal of Roentgenology. 24 
1992; 158(1):109-112 25 

337 Reuss BL, Cole JD. Effect of delayed treatment on open tibial shaft fractures. American Journal of 26 
Orthopedics. 2007; 36(4):215-220 27 

338 Reynolds SL, Hernandez J, Hogg M, Runyon M. Do physicians identify clinically significant 28 
fractures of the hip and pelvis in stable, alert patients after blunt trauma? Academic Emergency 29 
Medicine. 2014; 21(5 Suppl.1):S241-S242 30 

339 Ricci WM, Linn M, Gardner M, McAndrew C. What's new in orthopaedic trauma. Journal of Bone 31 
and Joint Surgery - American Volume. 2014; 96(14):1222-1230 32 

340 Richards JE, Magill M, Tressler MA, Shuler FD, Kregor PJ, Obremskey WT et al. External fixation 33 
versus ORIF for distal intra-articular tibia fractures. Orthopedics. 2012; 35(6):e862-e867 34 

341 Richardson JD, Harty J, Amin M, Flint LM. Open pelvic fractures. Journal of Trauma. 1982; 35 
22(7):533-538 36 

342 Rinker B, Amspacher JC, Wilson PC, Vasconez HC. Subatmospheric pressure dressing as a bridge 37 
to free tissue transfer in the treatment of open tibia fractures. Plastic and Reconstructive 38 
Surgery. 2008; 121(5):1664-1673 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
105 

343 Rinker B, Valerio IL, Stewart DH, Pu LLQ, Vasconez HC. Microvascular free flap reconstruction in 1 
pediatric lower extremity trauma: a 10-year review. Plastic and Reconstructive Surgery. 2005; 2 
115(6):1618-1624 3 

344 Ristiniemi J, Luukinen P, Ohtonen P. Surgical treatment of extra-articular or simple intra-articular 4 
distal tibial fractures: external fixation versus intramedullary nailing. Journal of Orthopaedic 5 
Trauma. 2011; 25(2):101-105 6 

345 Robertson DD, Sutherland CJ, Chan BW, Hodge JC, Scott WW, Fishman EK. Depiction of pelvic 7 
fractures using 3D volumetric holography: comparison of plain X-ray and CT. Journal of Computer 8 
Assisted Tomography. 1995; 19(6):967-974 9 

346 Rojczyk M, Malottke R. [The effect of antibiotic prophylaxis in the treatment of open fractures]. 10 
Hefte Zur Unfallheilkunde. 1979; 138:355-357 11 

347 Romano L, Pinto A, Niola R, Stavolo C, Cinque T, Daniele S et al. Bleeding due to pelvic fractures 12 
in female patients: pictorial review of multidetector computed tomography imaging. Current 13 
Problems in Diagnostic Radiology. 2012; 41(3):83-92 14 

348 Rommens P, Broos P, Gruwez JA. Operative results in 124 open fractures of the tibial shaft. Der 15 
Unfallchirurg. 1986; 89(3):127-131 16 

349 Rose SC, Moore EE. Angiography in patients with arterial trauma: correlation between 17 
angiographic abnormalities, operative findings, and clinical outcome. American Journal of 18 
Roentgenology. 1987; 149(3):613-619 19 

350 Rose SC, Moore EE. Trauma angiography of the extremity: the impact of injury mechanism on 20 
triage decisions. Cardiovascular and Interventional Radiology. 1988; 11(3):136-139 21 

351 Rosenthal RE, Coker WL. Posterior fracture-dislocation of the hip: an epidemiologic review. 22 
Journal of Trauma. 1979; 19(8):572-581 23 

352 Royle SG. The role of tissue pressure recording in forearm fractures in children. Injury. 1992; 24 
23(8):549-552 25 

353 Ruchholtz S, Waydhas C, Lewan U, Pehle B, Taeger G, Kuhne C et al. Free abdominal fluid on 26 
ultrasound in unstable pelvic ring fracture: Is laparotomy always necessary? Journal of Trauma - 27 
Injury, Infection and Critical Care. 2004; 57(2):278-286 28 

354 Runkel N, Krug E, Berg L, Lee C, Hudson D, Birke-Sorensen H et al. Evidence-based 29 
recommendations for the use of negative pressure wound therapy in traumatic wounds and 30 
reconstructive surgery: Steps towards an international consensus. Injury. 2011; 42(Suppl.1):S1-31 
S12 32 

355 Russell GG, Henderson R, Arnett G. Primary or delayed closure for open tibial fractures. Journal 33 
of Bone and Joint Surgery - British Volume. 1990; 72(1):125-128 34 

356 Sadri H, Nguyen-Tang T, Stern R, Hoffmeyer P, Peter R. Control of severe hemorrhage using C-35 
clamp and arterial embolization in hemodynamically unstable patients with pelvic ring 36 
disruption. Archives of Orthopaedic and Trauma Surgery. 2005; 125(7):443-447 37 

357 Sahin V, Karakas ES, Aksu S, Atlihan D, Turk CY, Halici M. Traumatic dislocation and fracture-38 
dislocation of the hip: a long-term follow-up study. Journal of Trauma. 2003; 54(3):520-529 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
106 

358 Saikia KC, Bhattacharya TD, Agarwala V. Anterior compartment pressure measurement in closed 1 
fractures of leg. Indian Journal of Orthopaedics. 2008; 42(2):217-221 2 

359 Salmenkivi J, Lindahl J, Hirvensalo E, Takala A. Traditional internal fixation compared to external 3 
hybrid fixation in operative treatment of pilon tibial fractures. Suomen Ortopedia Ja 4 
Traumatologia. 1999; 22(3):219-224 5 

360 Salton HL, Rush S, Schuberth J. Tibial plafond fractures: limited incision reduction with 6 
percutaneous fixation. Journal of Foot and Ankle Surgery. 2007; 46(4):261-269 7 

361 Saltzherr TP, Goslings JC. Effect on survival of whole-body CT during trauma resuscitation. Lancet. 8 
2009; 374(9685):198-199 9 

362 Sanders S, Tejwani N, Egol KA. Traumatic hip dislocation--a review. Bulletin of the NYU Hospital 10 
for Joint Diseases. 2010; 68(2):91-96 11 

363 Schemitsch EH, Bhandari M, Guyatt G, Sanders DW, Swiontkowski M, Tornetta P et al. Prognostic 12 
factors for predicting outcomes after intramedullary nailing of the tibia. Journal of Bone and Joint 13 
Surgery - American Volume. 2012; 94(19):1786-1793 14 

364 Schenker ML, Yannascoli S, Baldwin KD, Ahn J, Mehta S. Does timing to operative debridement 15 
affect infectious complications in open long-bone fractures? A systematic review. Journal of Bone 16 
and Joint Surgery - American Volume. 2012; 94(12):1057-1064 17 

365 Shanmuganathan R. The utility of scores in the decision to salvage or amputation in severely 18 
injured limbs. Indian Journal of Orthopaedics. 2008; 42(4):368-376 19 

366 Shepherd LE, Costigan WM, Gardocki RJ, Ghiassi AD, Patzakis MJ, Stevanovic MV. Local or free 20 
muscle flaps and unreamed interlocked nails for open tibial fractures. Clinical Orthopaedics and 21 
Related Research. 1998;(350):90-96 22 

367 Short J, Upadhyay SS. Does simple traction and functional bracing affect the outcome of a 23 
fractured femur as compared with the Thomas' splint method? Physiotherapy. 1984; 70(9):350-24 
354 25 

368 Shyu YL, Chen M, Wu C, Cheng H. Family caregivers' needs predict functional recovery of older 26 
care recipients after hip fracture. Journal of Advanced Nursing. 2010; 66(11):2450-2459 27 

369 Sirkin M, Sanders R, DiPasquale T, Herscovici DJ. A staged protocol for soft tissue management in 28 
the treatment of complex pilon fractures. Journal of Orthopaedic Trauma. 1999; 13(2):78-84 29 

370 Skaggs DL, Kautz SM, Kay RM, Tolo VT. Effect of delay of surgical treatment on rate of infection in 30 
open fractures in children. Journal of Pediatric Orthopaedics. 2000; 20(1):19-22 31 

371 Skaggs DL, Friend L, Alman B, Chambers HG, Schmitz M, Leake B et al. The effect of surgical delay 32 
on acute infection following 554 open fractures in children. Journal of Bone and Joint Surgery - 33 
American Volume. 2005; 87(1):8-12 34 

372 Sleney J, Christie N, Earthy S, Lyons RA, Kendrick D, Towner E. Improving recovery - Learning from 35 
patients' experiences after injury: A qualitative study. Injury. 2014; 45(1):312-319 36 

373 Solan MC, Calder JD, Gibbons CE, Ricketts DM. Photographic wound documentation after open 37 
fracture. Injury. 2001; 32(1):33-35 38 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
107 

374 Spencer Netto FAC, Hamilton P, Kodama R, Scarpelini S, Ortega SJ, Chu P et al. Retrograde 1 
urethrocystography impairs computed tomography diagnosis of pelvic arterial hemorrhage in the 2 
presence of a lower urologic tract injury. Journal of the American College of Surgeons. 2008; 3 
206(2):322-327 4 

375 Spencer J, Smith A, Woods D. The effect of time delay on infection in open long-bone fractures: a 5 
5-year prospective audit from a district general hospital. Annals of the Royal College of Surgeons 6 
of England. 2004; 86(2):108-112 7 

376 Sriussadaporn S, Sirichindakul B, Pak-Art R, Tharavej C. Pelvic fractures: experience in 8 
management of 170 cases at a university hospital in Thailand. Journal of the Medical Association 9 
of Thailand. 2002; 85(2):200-206 10 

377 Srour M, Inaba K, Okoye O, Chan C, Skiada D, Schnuriger B et al. Prospective evaluation of 11 
treatment of open fractures: effect of time to irrigation and debridement. JAMA Surgery. 2015; 12 
150(4):332-336 13 

378 Stalekar H, Fuckar Z, Ekl D, Sustic A, Loncarek K, Ledic D. Primary vs secondary wound 14 
reconstruction in Gustilo type III open tibial shaft fractures: follow-up study of 35 cases. Croatian 15 
Medical Journal. 2003; 44(6):746-755 16 

379 Stannard JP, Singanamala N, Volgas DA. Fix and flap in the era of vacuum suction devices: What 17 
do we know in terms of evidence based medicine? Injury. 2010; 41(8):780-786 18 

380 Stannard JP, Volgas DA, Stewart R, McGwin J, Alonso JE. Negative pressure wound therapy after 19 
severe open fractures: A prospective randomized study. Journal of Orthopaedic Trauma. 2009; 20 
23(8):552-557 21 

381 Steiert AE, Gohritz A, Schreiber TC, Krettek C, Vogt PM. Delayed flap coverage of open extremity 22 
fractures after previous vacuum-assisted closure (VAC) therapy - worse or worth? Journal of 23 
Plastic, Reconstructive and Aesthetic Surgery. 2009; 62(5):675-683 24 

382 Stengel D, Ottersbach C, Matthes G, Weigeldt M, Grundei S, Rademacher G et al. Accuracy of 25 
single-pass whole-body computed tomography for detection of injuries in patients with major 26 
blunt trauma. CMAJ. 2012; 184(8):869-876 27 

383 Sturrock CA. A Method for the Reduction of Dislocations of the Hip. BMJ. 1899; 1(1997):845 28 

384 Subramanian A, Vercruysse G, Dente C, Wyrzykowski A, King E, Feliciano DV. A decade's 29 
experience with temporary intravascular shunts at a civilian level I trauma center. Journal of 30 
Trauma. 2008; 65(2):316 31 

385 Sungaran J, Harris I, Mourad M. The effect of time to theatre on infection rate for open tibia 32 
fractures. ANZ Journal of Surgery. 2007; 77(10):886-888 33 

386 Swanson TV, Szabo RM, Anderson DD. Open hand fractures: prognosis and classification. Journal 34 
of Hand Surgery - American Volume. 1991; 16(1):101-107 35 

387 Swiontkowski MF, MacKenzie EJ, Bosse MJ, Kellam JF, Burgess AR, Webb LX et al. Factors 36 
influencing the decision to amputate or reconstruct after high-energy lower extremity trauma. 37 
Journal of Trauma. 2002; 52(4):641-649 38 

388 Taller J, Kamdar JP, Greene JA, Morgan RA, Blankenship CL, Dabrowski P et al. Temporary 39 
vascular shunts as initial treatment of proximal extremity vascular injuries during combat 40 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
108 

operations: the new standard of care at Echelon II facilities? Journal of Trauma. 2008; 65(3):595-1 
603 2 

389 Tang J, Guo Wc, Yu L, Zhao Sh. Clinical efficacy of artificial skin combined with vacuum sealing 3 
drainage in treating large-area skin defects. Chinese Journal of Traumatology. 2010; 13(5):289-4 
292 5 

390 Their MEA, Bensch FV, Koskinen SK, Handolin L, Kiuru MJ. Diagnostic value of pelvic radiography 6 
in the initial trauma series in blunt trauma. European Radiology. 2005; 15(8):1533-1537 7 

391 Tho KS, Chiu PL, Krishnamoorthy S. Grade III open ankle fractures--a review of the outcome of 8 
treatment. Singapore Medical Journal. 1994; 35(1):57-58 9 

392 Thomas SH, Arthur AO, Howard Z, Shear ML, Kadzielski JL, Vrahas MS. Helicopter emergency 10 
medical services crew administration of antibiotics for open fractures. Air Medical Journal. 2013; 11 
32(2):74-79 12 

393 Thomas TL, Meggitt BF. A comparative study of methods for treating fractures of the distal half of 13 
the femur. Journal of Bone and Joint Surgery - British Volume. 1981; 63-B(1):3-6 14 

394 Toni A, Gulino G, Baldini N, Gulino F. Clinical and radiographic long term results of acetabular 15 
fractures associated with dislocations of the hip. Italian Journal of Orthopaedics and 16 
Traumatology. 1985; 11(4):443-454 17 

395 Torchia ME, Lewallen DG. Open fractures of the patella. Journal of Orthopaedic Trauma. 1996; 18 
10(6):403-409 19 

396 Toscan J, Mairs K, Hinton S, Stolee P, InfoRehab Research Team. Integrated transitional care: 20 
patient, informal caregiver and health care provider perspectives on care transitions for older 21 
persons with hip fracture. International Journal of Integrated Care. 2012; 12:e13 22 

397 Townley WA, Nguyen DQA, Rooker JC, Dickson JK, Goroszeniuk DZ, Khan MS et al. Management 23 
of open tibial fractures - a regional experience. Annals of the Royal College of Surgeons of 24 
England. 2010; 92(8):693-696 25 

398 Triffitt PD, Konig D, Harper WM, Barnes MR, Allen MJ, Gregg PJ. Compartment pressures after 26 
closed tibial shaft fracture. Their relation to functional outcome. Journal of Bone and Joint 27 
Surgery - British Volume. 1992; 74(2):195-198 28 

399 Tripuraneni K, Ganga S, Quinn R, Gehlert R. The effect of time delay to surgical debridement of 29 
open tibia shaft fractures on infection rate. Orthopedics. 2008; 31(12) 30 

400 Trumble TE, Schmitt SR, Vedder NB. Internal fixation of pilon fractures of the distal radius. Yale 31 
Journal of Biology and Medicine. 1993; 66(3):179-191 32 

401 Uchida K, Kokubo Y, Yayama T, Nakajima H, Miyazaki T, Negoro K et al. Fracture of the pelvic ring: 33 
A retrospective review of 224 patients treated at a single institution. European Journal of 34 
Orthopaedic Surgery and Traumatology. 2011; 21(4):251-257 35 

402 Udekwu PO, Gurkin B, Oller DW. The use of computed tomography in blunt abdominal injuries. 36 
American Surgeon. 1996; 62(1):56-59 37 

403 Upadhyay SS, Moulton A. The long-term results of traumatic posterior dislocation of the hip. 38 
Journal of Bone and Joint Surgery British Volume. 1981; 63B(4):548-551 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
109 

404 Uppal GS, Smith RC, Sherk HH, Mooar P. Accurate compartment pressure measurement using the 1 
Intervenous Alarm Control (IVAC) Pump. Report of a technique. Journal of Orthopaedic Trauma. 2 
1992; 6(1):87-89 3 

405 Van Veen IHPA, Van Leeuwen AAM, Van PT, Van Luyt PA, Bode PJ, Van Vugt AB. Unstable pelvic 4 
fractures: A retrospective analysis. Injury. 1995; 26(2):81-85 5 

406 Van Vugt R, Kool DR, Deunk J, Edwards MJR. Effects on mortality, treatment, and time 6 
management as a result of routine use of total body computed tomography in blunt high-energy 7 
trauma patients. Journal of Trauma and Acute Care Surgery. 2012; 72(3):553-559 8 

407 Vasiliadis ES, Grivas TB, Psarakis SA, Papavasileiou E, Kaspiris A, Triantafyllopoulos G. Advantages 9 
of the Ilizarov external fixation in the management of intra-articular fractures of the distal tibia. 10 
Journal of Orthopaedic Surgery and Research. 2009; 4:35 11 

408 Verbeek D, Sugrue M, Balogh Z, Cass D, Civil I, Harris I et al. Acute management of 12 
hemodynamically unstable pelvic trauma patients: time for a change? Multicenter review of 13 
recent practice. World Journal of Surgery. 2008; 32(8):1874-1882 14 

409 Vialle R, Odent T, Pannier S, Pauthier F, Laumonier F, Glorion C. Traumatic hip dislocation in 15 
childhood. Journal of Pediatric Orthopedics. 2005; 25(2):138-144 16 

410 Vigdorchik JM, Esquivel AO, Jin X, Yang KH, Onwudiwe NA, Vaidya R. Biomechanical stability of a 17 
supra-acetabular pedicle screw internal fixation device (INFIX) vs external fixation and plates for 18 
vertically unstable pelvic fractures. Journal of Orthopaedic Surgery and Research. 2012; 7:31 19 

411 Vo NJ, Gash J, Browning J, Hutson RK. Pelvic imaging in the stable trauma patient: is the AP pelvic 20 
radiograph necessary when abdominopelvic CT shows no acute injury? Emergency Radiology. 21 
2004; 10(5):246-249 22 

412 Waikakul S, Harnroongroj T, Vanadurongwan V. Immediate stabilization of unstable pelvic 23 
fractures versus delayed stabilization. Journal of the Medical Association of Thailand. 1999; 24 
82(7):637-642 25 

413 Wang C, Li Y, Huang L, Wang M. Comparison of two-staged ORIF and limited internal fixation with 26 
external fixator for closed tibial plafond fractures. Archives of Orthopaedic and Trauma Surgery. 27 
2010; 130(10):1289-1297 28 

414 Watson JT, Moed BR, Karges DE, Cramer KE. Pilon fractures. Treatment protocol based on 29 
severity of soft tissue injury. Clinical Orthopaedics and Related Research. 2000;(375):78-90 30 

415 Webb LX, Bosse MJ, Castillo RC, MacKenzie EJ, Kellam JE, Travison TG et al. Analysis of surgeon-31 
controlled variables in the treatment of limb-threatening type-III open tibial diaphyseal fracture. 32 
Journal of Bone and Joint Surgery - American Volume. 2007; 89(5):923-928 33 

416 Wei Sj, Cai Xh, Wang Hs, Qi Bw, Yu Ax. A comparison of primary and delayed wound closure in 34 
severe open tibial fractures initially treated with internal fixation and vacuum-assisted wound 35 
coverage: a case-controlled study. International Journal of Surgery. 2014; 12(7):688-694 36 

417 Whitney A, O'Toole RV, Hui E, Sciadini MF, Pollak AN, Manson TT et al. Do one-time 37 
intracompartmental pressure measurements have a high false-positive rate in diagnosing 38 
compartment syndrome? Journal of Trauma and Acute Care Surgery. 2014; 76(2):479-483 39 



 

 

Complex fractures: Appendices I-P 
Qualitative study checklist 

National Clinical Guideline Centre, 2015 
110 

418 Widenfalk B, Ponten B, Karlstrom G. Open fractures of the shaft of the tibia: analysis of wound 1 
and fracture treatment. Injury. 1979; 11(2):136-143 2 

419 Willett KM, Pandit H, Upadhyay A. Internal versus external fixation for treating distal tibial pilon 3 
fractures in adults. Cochrane Database of Systematic Reviews. 2008;(1) 4 

420 Williams TM, Marsh JL, Nepola JV, DeCoster TA, Hurwitz SR, Bonar SB. External fixation of tibial 5 
plafond fractures: is routine plating of the fibula necessary? Journal of Orthopaedic Trauma. 6 
1998; 12(1):16-20 7 

421 Williams TM, Nepola JV, Decoster TA, Hurwitz SR, Dirschl DR, Marsh JL. Factors affecting outcome 8 
in tibial plafond fractures. Clinical Orthopaedics and Related Research. 2004;(423):93-98 9 

422 Wood T, Sameem M, Avram R, Bhandari M, Petrisor B. A systematic review of early versus 10 
delayed wound closure in patients with open fractures requiring flap coverage. Journal of 11 
Trauma and Acute Care Surgery. 2012; 72(4):1078-1085 12 

423 Wright BA, Roberts CS, Seligson D, Malkani AL, McCabe SJ. Cost of antibiotic beads is justified: a 13 
study of open fracture wounds and chronic osteomyelitis. Journal of Long-Term Effects of 14 
Medical Implants. 2007; 17(3):181-185 15 

424 Wright E. Evaluating a paediatric neurovascular assessment tool. Journal of Orthopaedic Nursing. 16 
2007; 11(1):20-29 17 

425 Wyrsch B, McFerran MA, McAndrew M, Limbird TJ, Harper MC, Johnson KD et al. Operative 18 
treatment of fractures of the tibial plafond. A randomized, prospective study. Journal of Bone 19 
and Joint Surgery - American Volume. 1996; 78(11):1646-1657 20 

426 Yang J, Gao Jm, Hu P, Li Ch, Zhao Sh, Lin X. Application of damage control orthopedics in 41 21 
patients with severe multiple injuries. Chinese Journal of Traumatology. 2008; 11(3):157-160 22 

427 Yang RS, Tsuang YH, Hang YS, Liu TK. Traumatic dislocation of the hip. Clinical Orthopaedics and 23 
Related Research. 1991;(265):218-227 24 

428 Yokoyama K, Itoman M, Shindo M, Kai H. Contributing factors influencing type III open tibial 25 
fractures. Journal of Trauma. 1995; 38(5):788-793 26 

429 Yokoyama K, Uchino M, Nakamura K, Ohtsuka H, Suzuki T, Boku T et al. Risk factors for deep 27 
infection in secondary intramedullary nailing after external fixation for open tibial fractures. 28 
Injury. 2006; 37(6):554-560 29 

430 Yuenyongviwat V, Tangtrakulwanich B. Prevalence of pin-site infection: the comparison between 30 
silver sulfadiazine and dry dressing among open tibial fracture patients. Journal of the Medical 31 
Association of Thailand. 2011; 94(5):566-569 32 

431 Yugueros P, Sarmiento JM, Garcia AF, Ferrada R. Unnecessary use of pelvic x-ray in blunt trauma. 33 
Journal of Trauma. 1995; 39(4):722-725 34 

432 Yusof NM, Khalid KA, Zulkifly AH, Zakaria Z, Amin MAM, Awang MS et al. Factors associated with 35 
the outcome of open tibial fractures. Malaysian Journal of Medical Sciences. 2013; 20(5):47-53 36 

433 Zaraca F, Ponzoni A, Stringari C, Ebner JA, Giovannetti R, Ebner H. Lower extremity traumatic 37 
vascular injury at a level II trauma center: an analysis of limb loss risk factors and outcomes. 38 
Minerva Chirurgica. 2011; 66(5):397-407 39 



 

 

Complex fractures: Appendices I-P 
 

National Clinical Guideline Centre, 2015 
111 

434 Zatti G, Bini A, Surace MF, Cherubino P. The surgical treatment of fractures of the proximal end 1 
of the tibia: a review of cases as related to prognostic factors. La Chirurgia Degli Organi Di 2 
Movimento. 2000; 85(4):371-380 3 

435 Zeng Xt, Pang Gg, Ma Bt, Mei Xl, Sun X, Wang J et al. Surgical treatment of open pilon fractures. 4 
Orthopaedic Surgery. 2011; 3(1):45-51 5 

436 Zha GC, Sun JY, Dong SJ. Predictors of clinical outcomes after surgical treatment of displaced 6 
acetabular fractures in the elderly. Journal of Orthopaedic Research. 2013; 31(4):588-595 7 

437 Zhao XG. Emergency management of hemodynamically unstable pelvic fractures. Chinese Journal 8 
of Traumatology. 2011; 14(6):363-366 9 

438 Ziran BH, Darowish M, Klatt BA, Agudelo JF, Smith WR. Intramedullary nailing in open tibia 10 
fractures: a comparison of two techniques. International Orthopaedics. 2004; 28(4):235-238 11 

439 Ziran BH, Chamberlin E, Shuler FD, Shah M. Delays and difficulties in the diagnosis of lower 12 
urologic injuries in the context of pelvic fractures. Journal of Trauma. 2005; 58(3):533-537 13 

440 Zumsteg JW, Molina CS, Lee DH, Pappas ND. Factors influencing infection rates after open 14 
fractures of the radius and/or ulna. Journal of Hand Surgery - American Volume. 2014; 39(5):956-15 
961 16 

 17 

 18 

  19 

 20 


