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Systemic effects of bilateral tibial versus bilateral femoral shaft fractures
Isthere a difference ?

Raghu Raman, Sameh SipHom, Hans C. Papg, Peter V. Giannoubis

The authorsinvestigated the prevalence and the dif-
ference in the severity of systemic complications fol-
lowing intramedullary nailing of bilateral tibial and
femoral shaft fractures. A retrospective chart analy-
sis of 12 consecutive patients with bilateral tibial
shaft fractures (TF) and 14 patients with bilateral
femoral shaft fractures (FF) was performed. The
incidences of bilateral tibial fractures and bilateral
femoral shaft fractureswere 3.8% and 4.6% respec-
tively. The median Injury Severity Score (1SS) in TF
group was 13 (9-29) compared to 16 (9-34) in the FF
group (p = 0.169). The mean resuscitation require-
ments were 4.2 (3-11) litres of colloids and crystal-
loids and 1.7 (0-10) units of blood in the TF group
and 10.6 (6-16) litres of colloids and crystalloids and
9.2 (5-25) units of blood in the FF group (p = 0.002).
In the TF group there was 1 death compared to 2 in
the FF group. In the TF group, there were 2 cases of
ARDS, 4 cases of deep sepsisand 3 above knee ampu-
tations. In the FF group, there were 6 cases of ARDS
(p = 0.04), 1 case of deep sepsis and 1 above knee
amputation. Patientswith bilateral tibial shaft frac-
tures revealed lower ISS, resuscitation require-
ments, ARDS, associated injuries, and mortality
when compared to bilateral femoral shaft fractures.
Thisis probably due to the anatomical difference in
the morphology of the bones, volume of liberated
intravascular marrow fat, organisation and layout of
the venous capillary network and severity of associ-
ated injuries.

INTRODUCTION

Intramedullary nails are the accepted standard
for the stabilisation of long bone fractures (28, 35,
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52). Recent studies, especially in the past two
decades have raised concern over the possible
harmful systemic effects (adult respiratory distress
syndrome -ARDS) of intramedullary nailing in the
multiply injured if the patient is at special risk due
to prolonged shock states or associated injuries
(chest trauma) (25, 37, 46). Intravasation of intra-
medullary contents and immune activation under
the stimulus of the cytokines and other inflamma-
tory mediators released during canal preparation
and nail insertion are presumed to be significant
factors in the evolution of adverse cardiopul-
monary effects (31, 53).

There is substantial evidence in the literature
endorsing the association of intramedullary nailing
and development of systemic complicationsin uni-
lateral long bone fractures in selected patient
groups (7, 12, 32). To our knowledge, systemic
effects following bilateral long bone fractures has
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been given only cursory attention in the English
speaking literature in a few passing references (24,
33). and two case reports, both involving the
femur (23, 38). The general consensus however is
that of an additive effect bestowed by the bilate-
ralism of these fractures.

In this study therefore, we aim to investigate the
prevalence of systemic complications following
stabilisation of bilateral tibial and femoral shaft
fractures with intramedullary nailing. In addition,
wetry to answer the question whether thereisadif-
ference in the severity of systemic complications
following stabilisation of bilateral tibial and
femoral shaft fractures with intramedullary nailing.

PATIENTSAND METHODS

Between August 1995 and July 2001, 312 consecutive
adult patients with tibial fractures were treated in our
institution. Among them there were 12 (3.8%) patients
(3 females) with bilateral tibial shaft fractures (TF
—Tibia fracture group). A retrospective chart analysis
was performed. The following data was recorded : age,
sex, Injury Severity Score - |SS(2), resuscitation require-
ments, intensive care unit (ICU)/ high dependency unit
(HDU) stay, hospital stay, systemic and local complica
tions, mortality and time to union. Similarly the same
parameters were recorded and analysed in a group of 14
(4.8%) consecutive patients (1 female) with bilateral
femoral shaft fractures (FF — Femoral fracture group)
treated in our unit during the same period out of
292 femoral fractures (24). Associated injuries were
treated accordingly. Chest injury was defined by radio-
logical evidence of lung contusion, at least 2 fractured
ribs or presence of a haemo / pneumothorax and was
quantified using the Abbreviated Injury Scale — AIS (2).

In the TF group, al fractures were stabilised by
intramedullary nails. In total 24 nails were inserted. The
surgery was performed free hand with the patient supine.
No tourniquet was used. In 9 patients 18 AO solid nails
were inserted using an unreamed technique. Of the
remaining 3 patients, one patient had the external fixa
tors exchanged for bilateral AO hollow nails (reamed
technique) 3 days after theinjury and the other 2 patients
had their fractures stabilised primarily with AO hollow
nails, which were inserted after reaming the medullary
canal. In the FF group, al patients had their femoral
fractures stabilised within 24 hrs of injury. All fractures
were stabilised with intramedullary nails. Twenty-eight

nails were inserted in total. Sixteen femurs were reamed
and 12 femurs were not reamed. AO hollow nails were
used in the reamed femurs and the solid nail in the
unreamed femurs. The surgery was performed with the
patient supine on afracture table. All nails were statical-
ly locked in both groups. In all patients, stabilisation of
the fractures took place in the same operative setting. All
surgery was performed by a senior trainee/consultant.

Following surgery, patients who developed systemic
complications were treated in the intensive care unit or
the high dependency unit. Adult respiratory syndrome
(ARDS) was defined as a PaO./FiO, ratio less than 200
for at least 5 consecutive days and bilateral diffuseinfil-
trates seen in chest radiographs in the absence of pneu-
monia and cardiogenic pulmonary oedema (5).
Prophylactic antibiotics (111 generation Cephal osporin)
were administered to all patients at induction of anaes-
thesia. A further 2 doses was administered post opera-
tively. Patients with open fractures received broad-spec-
trum antibiotics on arrival to the accident and emer-
gency unit. Antibiotic cover was provided for 2 weeks
for this group of patients. Full active weight bearing was
encouraged in all patients with intramedullary nails in
both groups. All patients received thromboprophylaxis
(low molecular weight heparin) post operatively until
full ambulation. All patients were clinically and radio-
logically followed up as indicated by their general con-
dition and progress. The mean follow up was 34 (range
18-60) months.

STATISTICS

Comparison of data between the groups was per-
formed on a personal computer using SPSS® 11.0
for Windows®, © SPSS Inc., Chicago lllinais,
USA. Wilcoxon sign rank test was performed to
assess whether there was statistical difference
between the two groups with respect to age, sex,
ISS, presence of ARDS, presence of chest injuries
and mortality. Fisher’s exact test was used for cat-
egorical data, and the Wilcoxon sign rank test and
Mann-Whitney U-test were used for all other data.
A p vaue of less than 0.05 was considered statisti-
cally significant.

RESULTS

The patient demographics of the TF and FF group
are shown in table | and table Il respectively. The
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Table |. — Patient characteristics of the TF group

Case | Age Sex ISS Nail type Blood (units) ICU/HDU Chest Injury Complications
stay (days) (AIS score)
1 40 | Female 1 UTN 1 0 No
2 46 Mae 13 RTN 0 0 Yes (2)
3 27 Mae 9 UTN 0 0 No
4 22 Male 10 UTN 0 0 No
5 27 Mae 13 UTN 10 5 No
6 20 Mae 29 UTN 6 8 Yes (3) ARDS
7 19 Mae 17 UTN 0 2 No
8 29 Mae 13 UTN 0 12 No
9 79 | Femae 16 UTN 0 10 No
10 60 Mae 17 RTN 0 8 No CA®
11 48 | Femade 22 RTN= 0 7 Yes (3)
12 20 Mae 13 UTN 3 14 No ARDSRF
(CA Cardiac arrest, RF Renal failure, RTN Reamed tibial nail, UTN Unreamed tibial nail).
a Exchange from External fixators. ® Mortality.
Table Il. — Patient characteristics of the FF group
Case | Age Sex ISS Nail type Blood (units) ICU/HDU Chest Injury Complications
stay (AIS score)
1 20 Mae 16 RFN 5 1 No
2 18 Mae 10 UFN 6 6 Yes (3) ARDS
3 50 Mae 10 UFN 5 1 No
4 81 Mae 16 RFN 9 7 No ARDS
5 19 Mae 22 RFN 15 6 Yes (3) ARDS
6 69 Mae 34 UFN 25 4 No
7 40 Mae 18 RFN 7 2 Yes (3)
8 30 Mae 20 UFN 6 2 No
9 35 Mae 14 RFN 9 2 No
10 45 Mae 16 RFN 10 14 Yes (3) ARDS
11 28 Mae 13 UFN 5 9 No ARDS
12 25 Mae 29 RFN? 12 3 Yes (2)
13 78 | Femae 10 UFN 9 5 No IHD/RP
14 28 Mae 9 RFN 6 3 No ARDS

(IHD Ischaemic heart disease, RF Renal failure, RFN Reamed femoral nail, UFN Unreamed femoral nail).

2 Retrograde nailing  ° Mortality.

mean age in the TF group was 36.4 (range 19-79)
years and 40.4 (range 18-81) yearsin the FF group.
No significant difference was noted between the
two groups with regard to age (p = 0.875) and sex
(p = 0.317). The median ISS in TF group was 13
(interquartile range 11-17) compared to 16
(interquartile range 10-20) in the FF group (p =
0.169). Six fractures were open in the TF group and
3inthe FF group. The mean resuscitation require-
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mentswere 4.2 (3-11) litres of colloids and crystal-
loids and 1.7 (0-10) units of blood in the TF group
and 10.6 (6-16) litres of colloids and crystalloids
and 9.2 (5-25) units of blood in the FF group (p =
0.002). The mean operation time was 2.3 (2-4.5)
hoursin the TF group and 4.5 (4-7) hoursin the FF
group. The mean ICU/HDU stay was 5.5 (1-14)
daysin the TF group and 4 (1-14) in the FF group
whereas the mean hospital stay was 46 (8-148)
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Table I11. — Associated injuries in the TF and FF groups

Associated injuries TF group FF group
- no of patients | - no of patients

Chest 3 (25%) 5 (35.7%)
Abdominal 3 (25%) 1(7.1%)
Craniofacia* 7 (58.3%) 2 (14.2%)
Muscul oskeletal
Femur/Tib-Fib* 1(8.3%) 6 (42.8%)
Pelvis 1(8.3%) 4 (28.5%)
Ankle 2 (16.6%) 5 (35.7%)
Hand 0 5 (35.7%)
Wrist 3 (25%) 6 (42.8%)
Other 6 (50%) 10 (71.4%)

* p<0.014.

days in the TF group and 36.3 (5-108) days in the
FF group, (p > 0.05). In the TF group there was
1 death compared to 2 in the FF group, (p > 0.05).
The average length of stay in the TF group was
higher as 5 patients in this group needed longer
rehabilitation and social support.

Associated injuries are shown in table I1I. The
mean AIS (Abbreviated Injury Scale) of the
patients with chest injuries were 2.66 and 3.2 in the
TF and FF groups respectively. In the TF group,
there were 2 cases of ARDS and 4 cases of deep
sepsis. In the FF group, there were 6 cases of
ARDS (p = 0.04) and 1 case of deep sepsis.
Comparison of the parameters under review is
shown in table V. Three patients in the TF group
and 1 patient in the FF group developed compart-
ment syndromes requiring fasciotomies. Of the six
open fractures in the TF group 5 patients required
soft tissue reconstruction (3 local fasciocutaneous

flaps and 2 muscul ocutaneous free flaps) compared
to none in the FF group. Three patients had above
knee amputation in the TF group ; 2 were due to
deep sepsis while the third was due to failed vascu-
lar reconstruction. In the FF group, one patient had
above knee amputation due to osteomyelitis. The
mean time to union was 29 (range 16-96) weeksin
the TF group and 24.5 (range 12-37) weeks in the
FF group, (p > 0.05).

DISCUSSION

Bilateral long bones fractures of the lower limb
are uncommon injuries and are usually associated
with high-energy trauma. The overall incidence of
4.6% and 3.8% for the bilateral femoral and bilat-
eral tibial shaft fractures respectively is similar to
reports by other authors (33, 45, 51). While there are
many accounts of unilateral injuries (16, 22, 51), only
scattered case reports describing bilateral injuries
of both the tibia and the femur are available (3, 18,
47). Furthermore, there is very little information in
the literature describing the systemic effects of
bilateral fractures (24, 33).

In our study there was no significant difference
in the ISS between the two groups. However, we
are aware that with musculoskeletal injuries, the
scoring systems tend to ignore the compounding
effects of other associated injuries. The ISS limits
the total number of contributing injuries to only 3,
one each from the 3 most injured regions. This may
result in underscoring the degree of trauma sus-
tained if a patient has more than one significant
injury in either one region or more than three

Table IV. — Analysis of data from the TF and the FF group

Parameter TF group FF group p- value
ISS 13 (9-29) 16 (10-20) > 0.05
Intravenous fluids (1) 4.2 (3-11) 10.6 (6-16) 0.03*
Blood transfusion (units) 2.5 (0-10) 8.6 (4-30) 0.002*
ICU/HDU stay (days) 5.5 (0-14) 4 (1-14) > 0.05
Hospital stay (days) 46 (8-148) 36.3 (4-210) > 0.05
ARDS (no. of patients) 2 (16%) 6 (42.8%) 0.04*
Mortality (no. of patients) 1(8.3) 2 (14.2%) >0.05

* p<0.05.
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regions (13, 14, 19). Further more, the ISS takes into
account only one injury per body region resulting
in inability to account for multiple injuries to the
same body region. Therefore patient’s overal
anatomic injury severity is often underestimated
particularly in penetrating trauma. Additionally it
does not take into account physiologic variables
and gives equal weight to each body region, ignor-
ing two more severe injuries in one body region in
favour of a less severe injury in another body
region. Thisfact impairsits ability to predict short-
term mortality (13, 19).

The resuscitation requirements were significant-
ly higher in patients with bilateral femoral shaft
fractures reflecting the severity of the associated
injuries and probably dueto the fact that they expe-
rienced more blood loss. Nonetheless, in both
groups they were significantly higher compared to
patients with unilateral fractures (16, 21, 36).

In this study the incidence of local complications
by means of open fractures and requirement of soft
tissue reconstruction was higher in the TF group.
This relates to the anatomic predisposition of the
tibiato open fractures. Five of 6 patients with open
fractures in this group required soft tissue recon-
struction (3 fasciocutaneous flaps and 2 muscle
free flaps) compared to none in the FF group.
Furthermore, there was a higher incidence of deep
sepsis (4inthe TF and 1 in FF group) and amputa-
tion (3inthe TF group and 1 in the FF group). This
higher incidence of local complications could be
attributed to the poor soft tissue coverage of the
tibia especialy in the anteromedial aspect predis-
posing it to an increased risk of infection and heal-
ing problems.

Thereisclear evidence that early stabilisation of
long bone fractures significantly reduces the risk of
pulmonary complications (4, 8, 27). However, sys-
temic complications have been reported with the
use of intramedullary nails in patients at special
risk and have been noted to be a significant factor
of morbidity and mortality (18, 22, 54). The current
evolution of ‘damage control orthopaedic surgery’
clearly recommends early (initial) temporary sta-
bilisation followed by secondary definitive
osteosynthesis of major fracturesin patients at high
risk of developing systemic complications (40). In
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our series, al fractures in both groups were sta
bilised within 24 hrs of injury.

Intramedullary nailing is still the preferred treat-
ment for stabilisation of diaphyseal fractures of the
femur and tibia. Concerns regarding the association
of intramedullary nailing of femoral fractures and
fat embolisation was raised in the early 50's (42).
Since then several studies have reported the
intravasation of fat from the medullary canal asthe
main cause for the pulmonary insufficiency after
reamed intramedullary nailing (15, 20). A transient
rise in ThromboxaneA2, B2 and prostacyclins has
been observed during reaming and unexpected fatal
complications have been cited (23, 25, 26, 32, 39, 46).
Animal studies also support disturbancesin the car-
dio pulmonary circulation during intramedullary
reaming which may predispose to the devel opment
of ARDS (44). The difference in the amount of fat
mobilised into the vascular system and different
degrees of pulmonary dysfunction by different
types of reamers has also been investigated (39).
Various theories were proposed to explain the toxic
effects of the liberated fat and intramedullary con-
tents such as the release of humeral mediators
(thromboxane), the theory of toxic effects, the the-
ory of coagulation disturbances, and the colloidal
theory (1, 10, 11, 34, 46).

On the basis of these studies, there was arisein
the use of unreamed nailsin an attempt to eliminate
the problem of reaming. Subsequent studies have
shown that there is significant fat embolisation
even after unreamed nail insertion, but to a lesser
extent (29, 31). The maximal embolisation of the
marrow contents as shown by echocardiography
occurs during nail insertion independent of the
changes in the intramedullary pressure (17, 30, 53).

The influence of the reaming technique in the
development of ARDS is debatable and its primary
role in development of ARDS has been chal-
lenged (7, 9, 12). It has been established that reaming
of the medullary cana causes an additive surgical
impact and can cause clinically relevant side
effects if cofactors (e.g., thoracic trauma, severe
shock, and polytrauma) are present that set the
individual up for postoperative complications (37,
41). In this study, we are unable to make any rec-
ommendations on the relationship of reaming and
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development of ARDS due to the small number of
patients studied.

Co-exigting thoracic trauma has been proven to
be a maor contributor in the development of
ARDS, irrespective of the treatment used (7, 9). Two
studies, in particular have indicated that it was not
the method of treatment, but the associated chest
injury which led to an increase in the pulmonary
complications and mortality (6, 7). In our study, half
of all patients who developed ARDS in both the
groups had concomitant chest injury (AlS scores of
3 in both groups). The pathological events leading
to the development of ARDS is complex and many
factors have been implicated. Thereisno doubt that
primary lung injury by itself could predispose the
development of ARDS. Subsequent intramedullary
nailing especialy using the reamed technique has
been shown to cause bone marrow fat embolisation
and increased immune activation (32, 44, 46). The
interaction of the activated leucocytes and endothe-
lial cells under the stimulus of the released
cytokines and other inflammatory mediators
released during reaming may further contribute to
the development of ARDS in the aready injured
lung (23).

Theincidence of ARDS in the TF group was sig-
nificantly less than in the FF group (p = 0.04). In
the TF group, 2 patients developed ARDS. Both the
patients were treated with unreamed nails and one
patient had coexisting chest injury. Among the
6 patients who developed ARDS in the FF group, 3
had concomitant chest injuries; in 2 of the cases
the femoral fractures were stabilised using reamed
intramedullary nails and in the third case the frac-
ture was treated with solid nails inserted with the
unreamed technique.

The increased incidence of systemic complica
tions, in the FF group compared to the TF group
suggests a quantitative event, which predisposes to
ARDS. These effects seem to be systemic as there
are no increased local complications in the FF
group. It has been previoudy established that there
is a sufficient amount of fat in the long bones to
account for the phenomenon of fat embolism. The
average fat content in the adult femur and tibia are
152 gms and 108 gms respectively (43). Of great
interest is the distribution of the fat within the long

bones. The tubular diaphysis does not contain the
major store of bone fat as assumed. Instead, the
spongy metaphysis with its greater volume con-
tains more than 60% of thefat (43). Thisvariationis
dueto the differencesin the volume of thefat rather
than the concentration. Thereisvery littlefat in the
distal tibial metaphysis compared to the supra
condylar region of the femur, as it is relatively
small. The unique rich venous drainage system
present in the supracondylar region of the femur is
also absent in the distal tibia (50). There is a high
intramedullary pressure directed distally towards
the supracondylar region during reaming and ante
grade nail insertion (48, 49). We believe that these
factors may predispose the femur to a higher
degree of intravasation of intramedullary contents
after stabilisation with intramedullary nails and
thus explains the higher incidence of systemic
complications when compared to tibial fractures.

In conclusion, watchful expectancy for systemic
complications from associated injuries is mandato-
ry in patients with bilatera fractures to reduce the
associated morbidity and mortality. The current
scoring systems fail to qualify the associated
injuries. Although the systemic effects and pul-
monary complications are less in patients with
bilateral tibial shaft fractures when compared to
their counterparts with femoral fractures, it is
extremely important to be aware of such complica-
tions associated with these injuries. Early fracture
stabilisation tailored to the individual patient after
accounting for the associated injuries seems appro-
priate in the current climate of ‘damage control
orthopaedic surgery’

Acknowledgements

We would like to acknowledge the support of all the trau-
ma and orthopaedic consultants at St. James's University
Hospital.

REFERENCES

1. Baker PL, Pazell JA, Pdltier LF. Free fatty acids, cate-
cholamines, and arteria hypoxia in patients with fat
embolism. J Trauma 1971 ; 11 : 1026-1030.

2. Baker SP, O'Neill B, Haddon W, Jr., Long WB. The

Acta Orthopaedica Belgica, Vol. 70 - 2 - 2004



140

10.

12.

13.

14.

15.

16.

17.

injury severity score: a method for describing patients
with multiple injuries and evaluating emergency care. J
Trauma 1974 ; 14 : 187-196.

. Beam HP, Jr., Seligson D. Nine cases of bilateral femoral

shaft fractures: a composite view. J Trauma 1980; 20:
399-402.

. Behrman SW, Fabian TC, Kudsk KA, Taylor JC.

Improved outcome with femur fractures : early vs. delayed
fixation. J Trauma 1990 ; 30 : 792-797.

. Bernard GR, Artigas A, Brigham KL, Carlet J,

Falke K, Hudson L, et al. Report of the American-
European consensus conference on ARDS: definitions,
mechanisms, relevant outcomes and clinical trial coordina-
tion. The Consensus Committee. Intensive Care Med
1994 ; 20 : 225-232.

. Bone LB, Anders MJ, Rohrbacher BJ. Treatment of

femoral fractures in the multiply injured patient with tho-
racic injury. Clin Orthop 1998 ; 347 : 57-61.

. Bone LB, Babikian G, Stegemann PM. Femoral canal

reaming in the polytrauma patient with chest injury. A clin-
ical perspective. Clin Orthop 1995 ; 318 : 91-94.

. Bone LB, Johnson KD, Weigelt J, Scheinberg R. Early

versus delayed stabilization of femoral fractures. A
prospective randomized study. J Bone Joint Surg 1989 ;
71-A : 336-340.

. Bosse MJ, MacKenzie EJ, Riemer BL, Brumback RJ,

McCarthy ML, Burgess AR, Gens DR, Yasui Y. Adult
respiratory distress syndrome, pneumonia, and mortality
following thoracic injury and a femora fracture treated
either with intramedullary nailing with reaming or with a
plate. A comparative study. J Bone Joint Surg 1997 ; 79-
A : 799-809.

Boyd HM, Peltier LF, Scott JR, Wheeler DH. Fat
embolism. II. The chemical composition of fat obtained
from human long bones and subcutaneous tissue. Surgery
1956 ; 40 : 661-664.

. Bradford DS, Foster RR, Nossel HL. Coagulation al-

terations, hypoxemia, and fat embolism in fracture
patients. J Trauma 1970 ; 10 : 307-321.

Carlson DW, Rodman GH, Jr., Kaehr D, Hage J,
Misinski M. Femur fractures in chest-injured patients: is
reaming contraindicated ? J Orthop Trauma 1998 ; 12:
164-168.

Champion HR, Sacco WJ, Copes WS. Injury severity
scoring again. J Trauma 1995 ; 38 : 94-95.

Champion HR, Sacco WJ, Lepper RL, Atzinger EM,
CopesWS, Prall RH. An anatomic index of injury severi-
ty. J Trauma 1980 ; 20 : 197-202.

Christie J, Robinson CM, Pell AC, McBirnie J,
Burnett R. Transcardiac echocardiography during inva-
sive intramedullary procedures. J Bone Joint Surg 1995 ;
77-B : 450-455.

Clancey GJ, Hansen ST, Jr. Open fractures of the tibia:
areview of one hundred and two cases. J Bone Joint Surg
1978 ; 60-A : 118-122.

Coles RE, Clements FM, Lardenoye JW et al.

Acta Orthopaedica Belgica, Vol. 70 - 2 - 2004

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

R. RAMAN, S. SIDHOM, P. V. GIANNOUDIS

Transoesophageal echocardiography in quantification of
emboli during femoral nailing : reamed versus unreamed
techniques. J South Orthop Assoc 2000 ; 9 : 98-104.
Copeland CE, Mitchell KA, Brumback RJ, Gens DR,
Burgess AR. Mortality in patients with bilateral femoral
fractures. J Orthop Trauma 1998 ; 12 : 315-319.

Copes WS, Champion HR, Sacco WJ, Lawnick MM,
Keast SL, Bain LW. The Injury Severity Score revisited.
J Trauma 1988 ; 28 : 69-77.

Ecke H, Faupel L, Quoika P. Considerations on the time
of surgery of femora fractures. Unfallchirurgie 1985 ; 11 :
89-93.

Edwards P. Fracture of the shaft of the tibia : 492 consec-
utive cases in adults. Importance of soft tissue injury. Acta
Orthop Scand 1965 ; 66 : 71-82.

French B, Tornetta P. High-energy tibial shaft fractures.
Orthop Clin North Am 2002 ; 33 : 211-230.

Giannoudis PV, Abbott C, Stone M, Bellamy MC,
Smith RM. Fatal systemic inflammatory response syn-
drome following early bilateral femoral nailing. Intensive
Care Med 1998 ; 24 : 641-642.

Giannoudis PV, Cohen A, Hinsche A, Stratford T,
Matthews SJ, Smith RM. Simultaneous bilateral femoral
fractures : systemic complications in 14 cases. Int Orthop
2000 ; 24 : 264-267.

Giannoudis PV, Pape HC, Cohen AP, Krettek C,
Smith RM. Review : systemic effects of femoral nailing :
from Kuntscher to the immune reactivity era. Clin Orthop
2002 ; 404 : 378-386.

Giannoudis PV, Smith RM, Banks RE, Windsor AC,
Dickson RA, Guillou PJ. Stimulation of inflamma
tory markers after blunt trauma. Br J Surg 1998 ; 85 : 986-
990.

Giannoudis PV, Veysi VT, Pape HC, Krettek C,
Smith M R. When should we operate on major fracturesin
patients with severe head injuries ? Am J Surg 2002 ; 183
: 261-267.

Greitbauer M, Heinz T, Gaebler C, Stoik W, Vecsel V.
Unreamed nailing of tibial fractures with the solid tibial
nail. Clin Orthop 1998 ; 350 : 105-114.

Heim D, Regazzoni P, Tsakiris DA et al. Intramedullary
nailing and pulmonary embolism : does unreamed nailing
prevent embolization ? An in vivo study in rabbits. J
Trauma 1995 ; 38 : 899-906.

Helttula |, Karanko M, Gullichsen E. Similar central
hemaodynamics and oxygenation in reamed and unreamed
intramedullary nailing of tibia fractures. J Trauma 2002 ;
52 : 308-314.

Kropfl A, Berger U, Neureiter H, Hertz H, Schlag G.
Intramedullary pressure and bone marrow fat intravasation
in unreamed femoral nailing. J Trauma 1997 ; 42 : 946-
954.

Lindstrom T, Gullichsen E, Riutta A. The effect of
unreamed and reamed intramedullary nailing on the uri-
nary excretion of prostacyclin and thromboxane A2
metabolitesin patients with tibial shaft fractures. J Trauma



33.

35.

36.

37.

38.

39.

40.

41.

42.

SYSTEMIC EFFECTS OF BILATERAL TIBIAL VERSUS BILATERAL FEMORAL SHAFT FRACTURES

1998 ; 45 : 743-746.

Marcus RE, Hansen ST Jr. Bilateral fractures of the
tibia : a severe injury associated with multiple trauma. J
Trauma 1987 ; 27 : 415-419.

. Meek RN, Woodruff B, Allardyce DB. Source of fat

macroglobules in fractures of the lower extremity. J
Trauma 1972 ; 12 : 432-434.

Muller CA, Dietrich M, Morakis P, Pfister U. Clinical
results of primary intramedullary osteosynthesis with the
unreamed AO/ASIF tibia intramedullary nail of open tib-
ial shaft fractures. Unfallchirurg 1998 ; 101 : 830-837.
Nicoll EA. Fractures of the tibial shaft. A survey of 705
cases. J Bone Joint Surg 1964 ; 46-B : 373-387.

Pape HC, Auf’'m’'Kolk M, Paffrath T, Regel G,
Sturm JA, Tscherne H. Primary intramedullary femur
fixation in multiple trauma patients with associated lung
contusion—a cause of posttraumatic ARDS? J Trauma
1993 ; 34 : 540-548.

Pape HC, Bund M, Meier R, Piepenbrock S, von
Glinski S, Tscherne H. Pulmonary dysfunction following
primary bilateral femoral nailing — a case report. Intensive
Care Med 1999 ; 25: 547.

Pape HC, Dwenger A, Grotz M, et al. Does the reamer
type influence the degree of lung dysfunction after femoral
nailing following severe trauma? An anima study. J
Orthop Trauma 1994 ; 8 : 300-309.

Pape HC, Giannoudis P, Krettek C. The timing of
fracture treatment in polytrauma patients: relevance of
damage control orthopedic surgery. AmJ Surg 2002 ; 183 :
622-629.

Pape HC, Giannoudis PV, Grimme K, van
Griensven M, Krettek C. Effects of intramedullary
femoral fracture fixation: what is the impact of experi-
mental studiesin regardsto the clinical knowledge ? Shock
2002 ; 18 : 291-300.

Peltier LF. Fat embolism following intramedullary nail-
ing. Surgery 1952 ; 32 : 71-78.

. Peltier LF. Fat embolism : I. The amount of fat in human

45,

46.

47.

48.

49,

50.

51.

52.

53.

141

long bones. Surgery 1956 ; 40 : 657-660.

. Reikeras O. Cardiovascular reactions to intramedullary

reaming of long bonesin dogs. Acta Anaesth Scand 1987 ;
31:48-51.

Ruedi T, Webb JK, Allgower M. Experience with the
dynamic compression plate (DCP) in 418 recent fractures
of thetibial shaft. Injury 1976 ; 7 : 252-257.

Strecker W, Gonschorek O, Fleischmann W,
Bruckner U, Beyer M, Kinzl L. Thromboxane — co-factor
of pulmonary disturbances in intramedullary nailing.
Injury 1993 ; 24 : 68-72.

Tschopp O, Stern RE. Bilateral fracture of thetibial shaft
with intact fibulae. Am J Orthop 2001 ; 30 : 341-343.
Wehner W, Morgenstern C, Zeumer G. The reaction of
intramedullary pressure in bone marrow drilling and
pegging. Zentralbl Chir 1966 ; 91 : 209-215.

Wenda K, Ritter G, Degreif J, Rudigier J. Pathogenesis
of pulmonary complications following intramedullary
nailing osteosyntheses. Unfallchirurg 1988; 91: 432-
435.

Wenda K, Runkel M, Rudig L, Degreif J. The effect of
bone marrow embolization on the choice of procedure in
the stabilization of femoral fractures. Orthopade 1995 ;
24 : 151-163.

Winquist RA, Hansen ST, Jr., Clawson DK. Closed
intramedullary nailing of femora fractures. A report of
five hundred and twenty cases. J Bone Joint Surg 1984 ;
66-A : 529-539.

Wolinsky PR, McCarty E, Shyr Y, Johnson K. Reamed
intramedullary nailing of the femur : 551 cases. J Trauma
1999 ; 46 : 392-399.

Wozasek GE, Simon P, Redl H, Schlag G. Intra-
medullary pressure changes and fat intravasation during
intramedullary nailing : an experimental study in sheep. J
Trauma 1994 ; 36 : 202-207.

. Wu CC, Shih CH. Simultaneous bhilateral femoral shaft

fractures. J Trauma 1992 ; 32 : 289-293.

Acta Orthopaedica Belgica, Vol. 70 - 2 - 2004



