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Purpose : To compare the results between percutaneous bone grafting and open bone grafting of tibial shaft
fractures.

Method : Thirty tibial fractured shafts with a delayed union or a high-energy tibial fractures which required
early prophylaxis bone grafts were randomized to either percutaneous bone graft (n=15) or open bone graft
(n=15). One patient from the open bone graft group was lost to follow-up. Characteristics of the patients
were similar in both groups.

Results : The mean length of follow-up was 2.5 years. Percutaneous bone graft technique was associated with
significantly less blood loss (p<0.01) and shorter operative time (p<0.01). One patient in the percutaneous
group had posterior tibial nerve palsy postoperatively, which recovered completely after 6 weeks. There
were no differences in rate of union, healing time of the successful cases, postoperative pain and hospital stay.
Conclusion : The percutaneous technique has effective results similar to the open technique in promoting
union of tibial fractures. It should be considered as a useful alternative to the open bone graft technique.
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Tibial fracture is a relatively common fracture
which may be complicated by delayed union and non-
union, especially in high-energy trauma. There is a
report which indicated that 20% to 70% of high-
energy tibial fractures requires bone graft to achieve
bony union®. Open bone grafting is indicated for the
treatment of delayed union, non-union and also for
early prophylactic bone grafting of high-energy tibial
fractures®. Early bone grafting at 6 to 8 weeks post
injury is well-accepted as a method to increase the
union rate and shorten the union time®. Despite good
visualization to the non-union site in open bone graft
technique, it has the disadvantage of disturbance of
blood supply to the bone, overlying skin graft or
pedicle flap which resulted in skin necrosis, delayed
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healing and infection. Several techniques for minimally
invasive bone grafts have been reported®®. Percuta-
neous bone grafting has reported a high success rate
without complications®4. Bhan and Mehara® used
two cores of bones from the iliac crest across the non-
union. Kettunen et al® used one or 2 pieces of bone
graft driven into the hole, crossing perpendicular to
the fracture line, and under fluoroscopic control. Johnson
et al® applied an arthoscope to the nonunion site,
debridement fibrous union and performed transcuta-
neous autogenous bone graft. They packed the bone
graft into the area of bone deficiency. Connolly et al®
used a large amount of autogenous bone marrow from
the patient’s iliac crest and injected it directly percu-
taneously into the fracture site. Most of the studies
concluded that the percutaneous technique appeared
to be as effective as the open techniques, saving opera-
tive time and shortening hospital stay®*. However,
there has been no study comparing percutaneous
bone grafting and open bone grafting of tibial shaft
fractures. The authors present a comparison of the
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percutanous technique with the open technique in
tibial shaft fractures.

Patients and Method

From October 1998 to June 2001, thirty
patients with tibial shaft fractures that required bone
grafting were prospectively randomized into two treat-
ment groups. They were assigned to either percuta-
neous bone grafting or open bone grafting. The inclu-
sion criteria in the present study were non-union
which had not healed after 9 months, delayed union
which had not healed after 3 months. The potential
delayed union in Gustilo” type Il open fractures
without radiographic sign of callus formation after 6
weeks, which required early prophylactic bone graft-
ing at 6 to 12 weeks were also included. Out of 30
patients, 15 required bone grafting for delayed union
and 15 required prophylactic bone grafting. There was
no non-union tibial fracture in the present study. In
cases with previous open fractures, bone grafting was
performed after soft-tissue coverage had been performed
without infection. The patients with a bone defect more
than 2.5 cm, associated with severe complex intra-
articular fracture, active infection at the fracture site,
failure from previous operative bone grafting and
patients less than 18-years-old were excluded. All
patients in this study gave informed consent. Patients
were randomly assigned either to percutaneous bone
grafting or open bone grafting by a computer program.
Of the total 30 patients, one case in the open group
was lost to follow-up at 3 months after prophylactic
bone grafting and was excluded, leaving 29 patients
for analysis. The percutaneous group had 15 patients
and the open group had 14 patients. Demographic data
of the two groups is shown in Table 1. The types of
initial injury and fracture are shown in Table 2. The

authors found no significant differences between
these two groups. The mean length of follow-up was
30 months (range, 12-46 months) in the percutaneous
group and 32 months (range, 25-52 months) in the
open group.

Operative technique

All procedures were performed under general
or spinal anaesthesia with tourniquet control. An 8-
mm hollow cylindrical cutter (Fig. 1) was used to obtain
ten pieces of a cancellous bone graft from the anterior
iliac crest through a 5-cm incision. The cutter helped
to accurately measure the size of the graft, which was
3-4 cm in length. The patients in percutaneous group
were placed in supine position under an image inten-
sifier. A longitudinal 1.5 cm incision was made between
the tibia and fibula over the fracture site. The trocha
with protection sleeve (Syntes, Mathys Medical Ltd.
Switzerland) for the locking screw of the interlocking
nail was introduced into the fracture gap under an
image intensifier (Fig. 2). Latero-medial direction was
used to avoid penetration into the posterior compart-
ment. The trocha was then replaced with an 8-mm drill
bit. The fracture was drilled to remove some parts of
the fibrous tissue from the fracture gap and open the
medullary canal. The cortical raw surface of bone
adjacent to the fracture site was also drilled to promote
bone graft incorporation. Ten pieces of graft were then
driven into and around the fracture site (Fig. 2). The
incision was closed.

The open bone grafting technique was
carried out in a standard fashion. The choices of
incision depended on the condition of overlying soft
tissues. The incision was anterior in seven patients. A
posterolateral Harmon approach was used in the
remaining 7 patients who had a scar or skin graft at

Table 1. Demographic characteristics data of percutaneous bone graft and open bone graft groups

Characteristic Percutaneous group (n=15) Open group (n=14) P-value
Mean age (yr) 33 (range, 18-67) 32 (range, 18-65) NS
Male : Female 13:2 13:1
Mean time injury to bone grafting (wk) 12 (range, 6-32) 11 (range, 6-17 ) NS
Stabilization before bone grafting
Plate 1 3 -
Nail 1 1 -
External fixation 13 10 NS
Indication for bone graft
Delay union 8 7 NS
Prophylactic 7 7 NS

NS = no significant difference
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Table 2. Types of initial injury and fractures of the patients

Type of initial injury Percutaneous group (n=15) Open group (n=14) P-value
Mechanism of injury

Road-traffic accidents 13 NS

Fall from a height 0 NS
Mean injury severity score®?” 17 (range, 9-27) 15 (range, 9-25) NS
Soft-tissue injury by Gustilo classification™

Closed fracture 1 1 NS

Open Type | 0 2 NS

Open Type Il 1 0 NS

Open Type IlI-A 2 11 NS

Open Type 111-B 1 0 NS
AO classification type®®

A Simple 3 NS

B Butterfly 10 NS

C Comminuted 1 NS
Bone loss in cortical circumference

<50% 8 NS

>50% 6 NS

NS = no significant difference between two group

the anterior border of the leg. A longitudinal 10 cm
incision was made. The fracture site was exposed
subperiosteally and fibrous tissue was removed. Ten
pieces of autogenous bone graft were placed at the
fracture site. The incision was closed over a vacuum
drain. No further bony procedure was performed. All
patients received prophylactic antibiotics.
Postoperatively, patients with internal
fixation were mobilized with non-weight bearing for
6 weeks or more; depending on evidence of callus
formation on radiographs. Partial weight bearing was
started when the radiograph showed some evidence
of callus formation. Full weight bearing was allowed
when adequate bridging callus was visible on the

( (b)

Fig. 1 Photograph showing an 8 mm hollow cylindrical
cutter (a) with an expulsion piston (b), designed by
the author
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radiographs. Patients with external fixation were
mobilized with non-weight bearing until adequate
bridging callus. The external fixator clamp was loosened
for 14 days to allow full weight bearing before removal
of the external fixator. If there was no pain on full weight
bearing the external fixator was removed. Radiographs
were taken every six weeks postoperatively until the
fracture showed radiographic union. Union was defined
as adequate bridging callus on radiographs, no pain

Fig. 2 Diagram showing sequence of the percutaneous bone
grafting technique. The trocha with a protective
sleeve was introduced into the fracture site under an
image intensifier (a). The trocha was replaced with
an 8-mm drill bit, which was used to create a raw
surface by drilling into and around the fracture site
(b). Ten pieces of graft were placed at the fracture

site through the sleeve (c).
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at the fracture site on weight bearing and stable while
bending the leg. Malalignment was defined when the
fracture had more than 5° of varus or valgus angula-
tion, more than 10° of anteroposterior angulation, more
than 10° of malrotation or shortening of more than one
centimeter®. A non-union was defined as a failure of
union of the fracture by 9 months®.

All patients were operated on and reviewed
by one author (JM). The data recorded for all patients
included surgical time, postoperative blood loss, and
pain visual analogue scale (0, none to 10, severe) on
the first day and length of hospital stay. Success of
union, time to achieve radiographic union and compli-
cations were recorded. Statistical analysis was per-
formed using SPSS version 11.0 (SPSS Inc, Chicago,
[linois). Student’s t test, Mann-Whitney U test and
Fisher’s exact tests were used where appropriate. A
p-value of less than 0.05 was considered statistically
significant.

Results

The mean total surgical time was 37 minutes
(range, 25-60 minutes) for the percutaneous group and
51 minutes (range, 35-70 minutes) for the open group
(p<0.01,< =0.05, power =86%) (Table 3). In the
percutaneous group, mean postoperative estimated
blood loss was 9 mL (range, 0-20mL), whereas patients
in the open group lost 80 mL (range, 5-270 mL) via
vacuum drain. The difference between the two groups
was highly significant (p<0.01). The pain scales on
the first post operative day were 4 for the percuta-
neous group and 5 for the open group, which were
not statistically significant (p=0.12). The percuta-
neous group spent an average of 2.6 days in the
hospital, slightly shorter than the average of 3.3 days
in the open group, but not statistically significant
(p=0.13). The percentage of united fracture was similar
in both groups (p=0.68). The percutaneous group

Table 3. Comparison of the outcome in both groups

Fig. 3 A leg, tibial radiographs of a 41-year-old man who
sustained a Grade Il11-A open segmental fracture (a).
Eight weeks after the injury (b), the early prophy-
lactic bone grafting at the comminuted segmental
fracture was performed by percutaneous technique
(c). Union was achieved at 18 weeks after the proce-
dure (d).

achieved union in 12 out of 15 (80%) patients (Fig. 3)
and the open group achieved union in 10 out of 14
(71%) patients. The average time to radiographic union
was 15 weeks (range, 12-20 weeks) in the percutaneous
group and 15 weeks (range, 12-20 weeks) in the open
group (p=0.84).

The three patients, who were unsuccessful
in the percutaneous group, were type I11-Atibial frac-
tures with external fixators. All of them defined unsuc-
cessful with false movement after removal of the ex-
ternal fixator at an average of 17 weeks (range, 15-18
weeks) postoperatively. All required a secondary proce-
dure and went on to union. All patients underwent
reamed tibial nailing and autogenous bone grafting
and union was achieved. Four patients in the open
group were unsuccessful at an average of 33.5 weeks
(range, 17-48 weeks) postoperatively. One of these
was a closed fracture with a broken intramedullary
nail at 48 weeks after bone graft and was treated by

Outcome Percutaneous group (n=15) Open group (n=14)  P-value
Surgical time (min) 37 (range, 25-60) 51 (range, 35-70) <0.01*
Post operative bleeding (mL) 9 (range, 0-20) 80 (range, 5-270) <0.01
Pain visual analogue scale at 1st day post operative 4 (range, 1-10) 5 (range, 2-10) =0.12
Hospital stay (d) 2.6 (range, 1-4) 3.3 (range, 1-6) =0.13*
Success of union 12 10 =0.68
Average time of union of success cases (wk) 15 (range, 12-20) 15 (range, 12-20) =0.84
Malunion 2 3 =0.65
Complication 1 0 =1.0

* Student’s t test;  Mann-Whitney U test;  Fisher’s exact tests
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plate fixation and bone grafting. Three of four patients
were type I11-A stabilized with the external fixator and
had false movement at fracture sites after removal of
the external fixators. Two patients, unsuccessful in
the open group, were treated by intramedullary nail
and bone grafting and the final patient was treated by
plate fixation and bone grafting. All of these patients
achieved union after the second procedure. Malunion
was seen in two patients in the percutaneous group
and in three in the open group. No patient in either group
had shortening or rotational deformity. One patient of
the percutaneous group had postoperative nerve
palsy of the posterior tibial nerve, which recovered
completely within 6 weeks. There were no wound
complications.

Discussion

Open bone grafting is accepted as a treatment
method for promoting union in nonunion, delayed
union or prophylactic bone graft in high-energy tibial
fracture@®9, Using the cortico-cancellous bone chips
resulted in a shorter healing time, compared to a non-
vascularized fibular graft or a massive corticocancel-
lous bone block®. Autogenous bone graft obtained
from the iliac crest is currently the gold standard among
graft materials®V.

Many surgical approaches of bone grafting
for the tibia have been described. Anterior approach
is easily exposed to the tibia but it has limitations in
case of an anterior scar or muscle flap and can cause
skin or flap necrosis. The posterolateral approach has
many advantages for avoidance of compromised
anterior soft tissues, placement of the graft in a well
vascularized area for rapid graft incorporation, and
ability to place a large amount of graft®. The medial
approach can cause anterior soft tissue problems as
an anterior approach. However, it can be easily applied
for a fracture at the proximal one-forth of the tibia,
whereas the posterolateral approach cannot be per-
formed. The lateral approach of Rijnberg®*? can create
central bridging callus between tibia and fibula. How-
ever, the deep peroneal nerve and the anterior tibial
vessels may be injured by this procedure. The results
of open bone grafting of un-united tibial fractures have
reported a union rate ranging from 70 to 90%®319),
The minimally invasive bone grafting techniques in
promoted union in the tibial fractures have been
reported in many studies. Ebraheim et al®® uses paste
bone graft injected at the fracture site through a rigid
plastic tube and trocha under image intensifier. They
showed union in their first case report. Bhan and

1038

Mehara® used a specially devised milling cutter for
the insertion of two cores of bones from the iliac crest
across the nonunion. They reported union during a
period of 3to 5 months in 18 out of 21 patients. Kettunen
et al® used an 8-mm cylindrical cutter to obtain a bone
graft from the iliac crest and inserted a single graft
across the fracture line. Thirty-seven of the 41 un-
united fractures healed in 13 weeks (range, 10-48
weeks). Johnson et al® applied arthroscopic tech-
niques to autogenous bone grafting of long bone
fractures with delayed union. A minimal soft-tissue
debridement was performed to remove fibrous tissue
from the nonunion site. Specialized instrumentation, a
Bone Grafter, facilitated the transcutaneous means of
harvesting and placement of the graft. The bone defects
were packed with graft and extended 1 inch proximal
and distal to the delayed union site. There were nine
patients in this initial series, including four patients
with humeral lesions and five patients with tibial
fractures. Bony union occurred in all but one patient
with humeral nonunion in an average of 4 months.

In the present study the authors used a
percutaneous method with a trocha and protection
sleeve for a locking screw insertion of an interlocking
nail, instrument set which is easily available in the
operating room. Aminimal soft tissue debridement by
an 8-mm drill bit was performed to remove fibrous
tissue and opening the medullary canal. The authors
used ten pieces of graft, adequate for a small bone
gap, filled at the fracture gap on the lateral side, which
gave better vascularization than the medial side. A
cylindrical cutter helped to estimate the amount of bone
graft equally in both groups. One can use a cortico-
cancellous bone chip graft from an iliac crest without
a cylindrical cutter as a standard technique inserting
into the protection sleeve. Although various tech-
niques of minimal invasive bone grafting have been
reported, the main advantages of the principle include
minimal trauma, short operative time and less blood
loss.

The present results have confirmed these
advantages of the shorter operative time, less blood
loss and as effective as the open technique. Ten pieces
of graft that were packed into the fracture gap in the
percutaneous group can cause elevated pain score
and prolong hospital stay. A small volume of graft in
the small un-united gap may decrease the pain score
and hospital stay. A potential disadvantage of the
percutaneous technique is its blind nature eventhough
under an image intensifier. Therefore, one could cause
damage to nerves. The posterior tibial nerve lies close
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to the posterior surface of the distal tibia in the poste-
rior compartment of the tibia and passes through a
fixed fibrous tunnel located behind the bone on the
inside of the ankle. This can cause the nerve to be
vulnerable to injury easily. It is, therefore, important
to hold the tip of the trocha not penetrating into the
posterior compartment. The trocha was inserted from
lateral to medial. The posterior direction should be
avoided especially at the distal part of the tibia. How-
ever, posterior tibial nerve injury was rarely found in
the open procedure®®, The main disadvantages of
the study, the small sample size and unavailable non-
union, are mainly due to stringent inclusion criteria
which contributed to the difficulty of recruiting a larger
number of patients.

The present series showed shorter operative
times and less blood loss using percutaneous bone
grafting. The rate of union, union time, lengths of
hospital stay and postoperative pain were not different
in both groups. The percutaneous technique is a
simple technique under an image intensifier intra-
operatively. It should be considered as a useful alter-
native to the conventional bone grafting technique.

No benefits in any form have been received
or will be received from a commercial party related
directly or indirectly to the subject of this article.
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