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Abstract

Background: Treatment of comminuted fractures of the distal femur and proximal tibia is difficult, and a challenge in the field of
orthopedic trauma.
Objectives: The aim of this study was to assess the short-term results of hybrid external fixation in the treatment of these fractures.
Patients and Methods: In a prospective study, 44 patients with comminuted fractures of the distal femur or proximal tibia, with
an overlying soft tissue injury treated by closed reduction and hybrid external fixation, were included. Parameters such as pin-track
infection, union, limb shortening, knee motion, and alignment were evaluated during a mean follow-up period of 14 months.
Results: Forty-four patients with distal femoral (n = 23) and proximal tibial (n = 21) fractures were treated using hybrid external
fixation. Bone union was seen in 35 (80%) of the patients. Pin tract infection was seen in three patients (6.8%), one case (4.6%) with a
PTF and two cases (8%) with DFFs. Malunion was observed in 4 patients (9.1%); of these, three cases (13%) had DFF and one case (4.8%)
of pain was detected in the DFF group. One case had malunion and three cases had union. Findings showed satisfactory results in
more than 80% of patients. In general, lower postoperative complications were detected in the proximal tibial fractures than the
distal femoral fractures. According to a chi-square test, the difference between the patients with PTFs and those with DFFs was not
clinically significant.
Conclusions: Closed reduction and hybrid external fixation can be used as a definitive treatment for severe comminuted fractures
of the distal femur and proximal tibia, when the concomitant contusion of the skin and soft tissue damage prohibits safe open
reduction and internal fixation.
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1. Background

Distal femur and proximal tibial fractures are treated
through various methods. Open reduction and internal
fixation of these comminuted fractures may be accompa-
nied by skin or soft tissue necrosis, postoperative infection,
and knee stiffness. External fixation is a safe and suitable
method for these complicated fractures.

According to the OTA classification, distal femur frac-
tures are divided into type A (extra articular), type B (par-
tial articular), and type C (complete articular) (1). 5 - 10% of
these fractures present with open wounds (2). The mecha-
nism of these fractures may be high energy, e.g. motor ve-
hicle accidents, or low energy, e.g. falls. High energy frac-
tures predominantly occur, while low energy fractures are
common in elderly patients with osteoporosis (3). Based
on Schatzker’s classification, tibial plateau fractures are
categorized into S-I to S-VI groups (4). Type II is the most
common form. Types IV to VI are the major problems for
the orthopedic surgeon because both condyles are frac-

tured and displaced (5).

Treatment of distal femur fractures is performed
through various techniques, including open reduction
and internal fixation (ORIF), less invasive stabilization sys-
tems (LISS), limited contact dynamic compression plates
(LC-DCP), intramedullary nailing, buttress plating, and ex-
ternal fixation (conventional, Ilizarov ring, or hybrid ex-
ternal fixation) (6-10). In addition, similar procedures and
techniques are frequently used for the treatment of prox-
imal tibial fractures (5, 11). Direct ORIF for these com-
minuted fractures with soft tissue contusion may be asso-
ciated with postoperative infection, nonunion, and knee
stiffness. Risks of an immediate ORIF in severely injured
soft tissues can be avoided by using external fixation prior
to the ORIF for comminuted fractures (12-15). Hybrid ex-
ternal fixation, in which the fracture is reduced by closed
mean with minimal soft tissue dissection, is a suitable op-
tion as a primary (temporary) or definitive treatment (16).
Among others, El-Alfy et al. declared that hybrid external
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fixation for treatment of proximal tibial fractures was as-
sociated with minimal soft tissue injury and satisfactory
radiographic and clinical outcomes (17-19).

2. Objectives

We investigated hybrid external fixation efficacy in
comminuted distal femoral or proximal tibial fractures for
which ORIF was not suitable as a definite treatment.

3. Patients andMethods

This prospective study was performed between March
2011 and January 2013 in two general hospitals, in Ahvaz,
Iran. Inclusion criteria were distal femoral or tibia plateau
fractures in which open reduction and internal fixation
was not possible due to severe fracture comminuting, soft
tissue damage, or open wounds. Patients older than 65
years or younger than 18 years, patients for whom ORIF was
a better choice, and patients who rejected or poorly tol-
erated external fixation were excluded. 44 patients with
distal femoral fractures or proximal tibia fractures entered
the study.

The participants included 41 males (93.2%) and 3 fe-
males (6.8%), with an average age of 37.29 years (range:
20 - 59 years). All of the fractures were associated with
comminuting and associated soft tissue damage (ecchy-
mosed, laceration, bruising, or massive swelling) so the
patients were not candidates for ORIF. There were 23 DFF
(type C1 and C2, OTA classification) and 21 proximal tibia
plateau fractures (Schatzker types IV - VI). The DFFs featured
5 closed fractures and 18 open fractures (Gastillo and An-
derson), while the TPFS had 13 closed and 8 open fractures.

In the operating room under spinal or general anes-
thesia, a closed reduction under fluoroscopy C-arm control
was performed. A full ring fixator was fixed in the most dis-
tal fragments of the femur or proximal tibia plateau, and
fixed by side bars and Schanz pins in diaphysis. Follow-up
visits and radiography control were performed at 4 - 6 week
intervals. After fracture healing, the fixator was removed
and physiotherapy was initiated.

The fractures occurred in 40 patients due to motor
vehicle accidents, in 2 patients due to falling down from
a height, and in 2 others due to gunshot assaults. Surg-
eries were performed within 3 - 7 days after hospitalization.
Follow-up was performed for an average of 14 months (9
- 18 months). Several parameters were considered during
follow-up, and are shown in Table 1. Control radiographs
and physical examinations were used for assessment of
the follow-up parameters. Patients were free from the hy-
brid fixators after fracture union had occurred. The study

was approved by the AUMS ethics committee, and consent
forms were completed by all patients.

Table 1. Parameters Considered for Follow-Up Evaluation According to Modified So-
ciety Knee Score (SKS)

Parameter Normal Abnormal

Knee ROM ≥ 100° flexion < 100° flexion

Alignment ≤ 6° valgus > 6° valgus or varus

Pin-track infection Slight inflammation,
erythema, or pruritus

Bloody or supportive
discharge

Union Bridging of the fracture
site at three cortices/
absence of pain or
tenderness during
weight-bearing

Absence of the normal
criteria

Limb shortening Leg length discrepancy
< 2 cm

Leg length discrepancy
≥ 2 cm

Pain Score ≤ 5 according
visual score; 1 ≥

Score > 5 according
visual score; 2 ≤

Abbreviations: ROM, range of motion; SKS, society knee score.

4. Results

Two patients (4.5%) had abnormal knee range of mo-
tion (ROM). They were a 59-year-old woman with an open
proximal tibial fracture and a 45-year-old man with a dis-
tal femoral fracture. Union was achieved in 40 patients
(91.9%) and failed in 4 patients (9.1%). Three cases (13%) with
distal femoral fractures and one case (4.8%) with a proxi-
mal tibial fracture were nonunion. Iliac bone grafting was
performed in the fractures that weren’t united. All frac-
tures united after bone grafting. Four months of follow-
up indicated pain in four cases. Pain was only detected in
the distal femoral fractures; one case had malunion and
the other three cases had union. Pin-track infection (sup-
portive and/or bloody discharge) was observed in three pa-
tients (6.8%), of which two cases (8.7%) were distal femoral
fractures and one case (4.8%) was a proximal tibial fracture.
Treatment of pin-track infections consisted of increasing
the frequency of local cleaning of the infectious site and
oral antibiotic therapy. Limb shortening occurred in 5 pa-
tients (11.4%). Four patients (19%) with proximal tibial frac-
tures and one patient (4.34%) with a distal femoral fracture
showed limb shortening. The mean shortening was 1.58
cm (1 - 2.7 cm). At the end of study, of the 44 fractures, 11
(25%) were malaligned and 33 (75%) had normal alignment.
Out of 11 patients with malalignment, four PTF patients had
varus deformity, three DFF patients had valgus deformity,
and three DFF patients had varus deformity.

Overall, results were satisfactory in 36 patients (81.8%)
(functional scores ≤ 1) and unsatisfactory in 8 patients
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(functional scores ≥ 2). Four patients with proximal tib-
ial fractures (17.4%) and four patients with distal femoral
fractures (19%) had functional scores ≥ 1. In general,
lower rates of postoperative complications were observed
in proximal tibia fractures follow-up than in distal femoral
fractures. The mean limb shortening was 1.28 cm (1 - 2.7 cm).
Valgus deformity was seen in three patients (43%). Three
patients (6.8%) had pin-track infections, of which one case
(4.8%) was a proximal tibial fracture and two cases (8.7%)
were distal femoral fractures. Malunion was observed in
4 patients (9.1%), of which three cases (13%) were distal
femoral fractures and one case (4.8%) was a proximal tibial
fracture.

Table 2. Frequency of the Various Follow-Up Parameters in the Distal Femoral Frac-
tures (DFF) and Proximal Tibia Fractures (PTF)

Parameter DFFa PTFa P Value

Knee ROM

Normalb 22 (95.7) 20 (95.2)

Abnormalb 1 (4.3) 1 (4.8) 0.75

Union

Normal 20 (87.0) 20 (95.2)

Abnormal 3 (13.0) 1 (4.8) 0.47

Pain

Normal 19 (82.6) 21 (100.0) 0.26

Abnormal 4 (17.4)

Pin-track infection

Normal 21 (91.3) 20 (95.2)

Abnormal 2 (8.7) 1 (4.8) 0.79

Limb shorten

Normal 22 (95.7) 17 (81.0)

Abnormal 1 (4.3) 4 (19.0) 0.19

Alignment

Normal 16 (69.6) 17 (81.0)

Abnormal 7 (30.4) 4 (19.0) 0.63

Functional score

Normal 19 (82.6) 17 (81.0)

Abnormal 4 (17.4) 4 (19.0) 0.75

aValues are expressed as frequency (%).
bThese terms are defined in Table 1.
Abbreviations: DFF, distal femoral fracture; PTF, proximal tibia fracture; ROM,
range of motion.

5. Discussion

Soft tissue management is a critical problem during
surgery on tibial plateau or distal femoral fractures, be-

cause normal soft tissues facilitate the fracture healing
process. Complicated high energy fractures of the tibial
plateau (type V and VI Schatzker classification) and distal
femurs should be treated with minimal soft tissue manip-
ulation. Several authors have explained why hybrid exter-
nal fixation has advantages over ORIF in the treatment of
proximal tibial and distal femoral fractures. These advan-
tages include stable fixation (18), soft tissue protection (5,
18, 20), early knee range of motion (17, 21), improvement
of HSS score (22), low deep infection rates (19), and early
weight-bearing (10). But the accuracy of the reduction in
the hybrid external fixation method is lower than in in-
ternal fixation methods (20-26). Regenerating new bones,
early weight-bearing, and improvement of deformities are
provided with difficulty when plate fixation or nailing is
used for the treatment of distal femoral fractures. Skin or
soft tissue necrosis and postoperative infection are major
side effects of ORIF in these fractures (23).

In line with our study, Savolainen et al. (24) indicated
that the hybrid external fixation technique is safe and a
suitable method for the treatment of AO/ASIF type-C1 and
type-C2/C3 proximal tibial fractures. But occasionally open
fracture reduction should be performed for type C2/C3 frac-
tures (24). Babis et al. (5) showed that hybrid external
fixation, with or without minimal internal fixation, re-
sults in satisfactory outcomes in patients with proximal
tibial fractures compared to ORIF. Other studies also con-
firmed hybrid external fixation as a suitable method for
treatment of comminuted proximal tibial fractures. In ad-
dition, some authors introduced this method as a good
to excellent technique for the treatment of distal femoral
fractures. Hassankhani et al. evaluated hybrid fixation
method efficacy for the treatment of open severe commin-
uted fractures of the distal femur in 30 patients. Their re-
sults were 64.7% excellent/good and 35.3% fair/poor (10).
Our results were satisfactory in 82.6% of the patients with
distal femoral fractures.

We found no significant correlation between func-
tional score and union and between functional score and
type of fracture (P = 0.179 and 0.887, respectively). Cor-
relation between knee ROM and functional score was sig-
nificant (P = 0.02). In addition, a significant correla-
tion was confirmed within each group (P = 0.026: distal
femoral fracture, P = 0.035: proximal tibia fracture). Cor-
relation between age and functional score wasn’t signif-
icant in distal femoral and proximal tibial fractures (P =
0.470 and P = 0.117 respectively). The correlations between
functional score and union and between functional score
and type of fracture weren’t significant. Knee ROM and
functional score had a significant correlation. Our study
demonstrated that the hybrid external fixator is an effec-
tive method for the treatment of distal femoral and prox-
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imal tibial fractures, but our results were better for the
proximal tibial fractures than the distal femoral fractures.

Satisfactory results of hybrid external fixation in the
treatment of tibia plateau fractures were reported in 85%
(5), 50.85% (25), 38.9% (26), 76% (27), and 82% (18) of pa-
tients, while fair/poor results were reported in 15% (5), 61.1%
(26), 45.76% (25), and 12% (18). Our findings showed satis-
factory results (functional score ≤ 1) in 81% of the patients
with the proximal tibial fractures. We found a lower rate of
postoperative infections (4.8%) in patients with proximal
tibial fractures than previously reported investigations. El-
Alfy et al. (17), Watson et al. (28), Savolainen et al. (24), Babis
et al. (5), and Gaudinez et al. (21) reported infection rates
of 42%, 6.8%, 21%, 9.1%, and 25%, respectively. In addition, two
DFF patients in our study (8.7%) developed pin-track infec-
tions. A previous study by Hutson and Zych observed an
infection rate of 6.2% (15).

Previous studies of proximal tibial fracture treatment
using hybrid external fixation observed malunion in one
case (3.2%) (28), three cases (9%) (24), one case (3%) (5), and
two cases (4%) (18). In our study, one patient’s (4.8%) prox-
imal tibial fracture was non-union and was treated with
bone grafting. In contrast, three cases of malunion (13%)
were found in distal femoral fractures. Low rates of non-
union in distal femoral fractures were reported using ex-
ternal fixators by Marsh et al. (29), Hutson and Zych (15),
and Maini et al. (30). Ali and Saleh demonstrated exter-
nal fixation as a definite choice in the treatment of fifteen
nonunion distal femoral fractures (19). Malunion in dis-
tal femoral fractures resulted from a gap between fracture
fragments, infection, bone loss, or extreme motions in the
fracture site (19, 31-34). Although malunion may be associ-
ated with limb shortening, we didn’t observe limb short-
ening in the malunion cases.

Knee range of motion (ROM) of 115 to 125 degrees was
achieved in 95.2% of our patients with proximal tibial frac-
tures. Other investigations reported a mean ROM of 115 de-
grees (32). El-Alfy et al. (17) described an average ROM of
114 degrees in patients with proximal tibial fractures. In
addition, knee ROM was normal in 95.7% of patients with
distal femoral fractures. Hassankhani et al. (10) and Hut-
son and Zych (15) showed a ROM of 87.5 degrees (30 - 115 de-
grees) and 0 - 92 degrees respectively. We determined nor-
mal alignment in 75% of our patients. We found that loss
of reduction during follow up was the major cause of the
malalignment in the remaining 25% of the patients. We
conclude that closed reduction and hybrid external fixa-
tion is safe with low rates of postoperative complications,
and can be used as a definitive treatment for severe com-
minuted fractures of the distal femur and proximal tibia,
when the concomitant contusion of the skin and soft tis-
sue damage prohibits safe open reduction and internal fix-

ation.
This study had a few limitations. First, it was performed

with short-term follow up. Because the results may worsen
with time due to degenerative changes in the knee joint,
a retrospective long term follow-up is advised. Second, we
did not assess the incidence of associated ligament injuries
that may affect the final function of the knee joint. Finally,
some of the patients didn’t carry out physiotherapy pro-
grams or performed them irregularly, which may also be a
contributing factor to the final motion of their knee joints.
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