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Abstract The choice between reamed and unreamed intra-
medullary nailing for the treatment of open and closed tibial
fractures is an ongoing controversy. We carried out a
comprehensive search strategy. Six eligible randomised
controlled trials were included. Three reviewers indepen-
dently assessed methodological quality and extracted
outcome data. Analyses were performed using Review
Manager 5.0. The results showed lower risks of tibial
fracture nonunion and implant failures with reamed nails
compared to unreamed nails in closed tibial fractures
[relative risk (RR): 0.41, 95% confidence interval (CI):
0.21-0.89, P=0.008 for nonunion and RR: 0.35, 95% CI:
0.22-0.56, P<0.0001 for implant failures], but no statistical
differences in risk reduction of malunion, compartment
syndrome, embolism and infection. Our results suggested
no statistical differences in risk reduction of all the
complications evaluated between reamed and unreamed
nails in open tibial fractures. In conclusion, our study
recommended reamed nails for the treatment of closed tibial
fractures. But the choice for open tibial fractures remains
uncertain.

Introduction

Tibial fractures are the most common long bone fractures
[1]. Every year, patients with tibial fractures remain in
hospital for a total of 569,000 hospital days and incur
825,000 physician visits in the USA [2]. The aims of
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treatment for tibial shaft fractures are re-establishing
pre-injury anatomy and function with lower complica-
tion rates [3]. Several methods have been used for
treatment of this fracture, including compression plating,
reamed or unreamed intramedullary nailing and external
fixation [4, 5].

Among them, intramedullary nail fixation has been
shown to be an effective method for treating both open
and closed tibial fractures [6—8]. However, the choice
between two alternative intramedullary nailing approaches,
reamed or unreamed, is an ongoing controversy. Reamed
intramedullary nailing has the advantage of providing
optimal biomechanical stability; however, reaming of the
medullary canal may also lead to endosteal blood flow
damage, bone necrosis, compartment syndrome and infec-
tion [9—11]. In theory, unreamed intramedullary nailing
does not have the above-mentioned problems associated
with reaming, but the mechanical stability may limit its
application. Both of them have strong rationales; which is
better?

Several review articles have addressed the use of reamed
and unreamed intramedullary nailing for the treatment of
open and closed tibial shaft fractures; however, the search
methodology and the criteria for including studies may bias
the results [12—14]. To date, there are still no published
systematic reviews and meta-analyses comparing the use of
reamed and unreamed intramedullary nailing for open and
closed tibial fractures. Recently, a number of high quality
randomised controlled trials have addressed this issue [15—
20]. However, the optimal intramedullary nailing approach
for open and closed tibial fractures is still unclear. We
therefore carried out a systematic review and meta-analysis
of randomised controlled trials to compare reamed and
unreamed intramedullary nailing for the treatment of open
and closed tibial fractures.
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Materials and methods
Search strategy

This study was conducted with a prospectively developed
protocol, which included the study objective, search strategy,
study eligibility criteria, and the methods of data extraction
and statistical analysis. The reporting of the study’s results
was in accordance with the Quality of Reporting of Meta-
analyses (QUOROM) conference statement [21].

To identify published and unpublished reports of
relevant randomised studies, we searched relevant electron-
ic databases, including MEDLINE (1966-May 2009),
EMBASE (1980-May 2009), Science Citation Index
(1981-May 2009), Cochrane Central Register of Controlled
Trials (CENTRAL) and Cochrane Database of Systematic
Reviews (Cochrane Library, issue 2, 2009). We also
searched for unpublished trials and those in progress using
repositories of clinical trials, including the National
Institute of Health (May 2009), the National Research
Register (May 2009) and Current Controlled Trials (May
2009). Searches were not restricted by year of publication
or language. The search strategy used the terms: “tibial*
AND fracture* AND intramedullary”. Reference lists of all
studies included were scanned to identify additional
potentially relevant studies. Two reviewers independently
screened the titles and abstracts of identified papers, and

full text copies of all potentially relevant studies were
obtained.

Eligibility criteria and study outcomes

We included all randomised trials if they compared reamed
and unreamed intramedullary nailing for the treatment of
tibial fractures.

The primary outcome was fracture nonunion. The second-
ary outcomes were malunion, failure of implants, compart-
ment syndrome, infection and embolism. We undertook a
subgroup analysis for open fractures and closed fractures.

Data extraction

Data were extracted independently by three reviewers; disagree-
ments were resolved by discussion. To quantify the level of
agreement between reviewers, a k statistic was calculated. The
K statistic is a chance-corrected proportional index, with values
ranging from +1 (perfect agreement) to —1 (complete disagree-
ment). Information extracted included personal information,
methodology, details on interventions and reported outcomes.

Study quality assessment

We assessed the methods of every study according to the
Cochrane Handbook for Systematic Reviews of Interven-

Fig. 1 Flow chart of study
selection

screened

1961 potentially relevant references

1571 excluded because they were irrelevant (eg, animal

studies or not about with or without reamed)

390 abstracts for assessment

281 studies excluded (Editorials, non-randomized trials

A 4

or reviews)

9 studies for full text review

2 studies excluded because they did not meet detailed

inclusion criteria

7 potentially appropriate studies
included in this study

i

A\ 4

1 study excluded because it was not properly randomized.

analysis

6 studies included in this meta-
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Table 1 Characteristics of studies included [15-20] (reamed nail/unreamed nail)

Study (country) Year  No. of No. of two fracture types  Age (years) Outcomes
tibias tibias (open:closed) (mean)

Court-Brown et al. [15] (UK) 1996  25/25 0:25/0:25 35/36.1 Nonunion, malunion, compartment syndrome,
failure of implants

Blachut et al. [16] (Canada) 1997  77/64 0:77/0:64 35/35 Nonunion, infection, failure of implants,
malunion, compartment syndrome, embolism

Keating et al. [17] (Canada) 1997  50/44 50:0/44:0 37* Nonunion, infection, failure of implants,
malunion, compartment syndrome, embolism

Nassif et al. [18] ( USA) 2000  24/25 0:24/0:25 36.1* Compartment syndrome

Larsen et al. [19] (Norway) 2004 21/16 0:21/0:16 41/47.5 Nonunion, malunion, failure of implants,
infection, compartment syndrome

Bhandari et al. [20] (Canada, 2008  675/652  221:454/214:438 38.9/39.5 Nonunion, infection, compartment syndrome,

USA and Netherlands)

failure of implants

*Mean age of all participants

tions, including reporting of randomisation method, alloca-
tion concealment, blinding of outcome assessment and
completeness of follow-up.

Statistical analysis

Relative risk (RR) was used as the summary statistic to
perform statistical analysis of dichotomous variables, and the
weighted mean difference (WMD) was used to analyse
continuous variables. Both were reported with 95% confi-
dence intervals (CI). We used the x> statistic to assess
heterogeneity between trials and the I statistic to assess the
extent of inconsistency. A P value of 0.05 was used as the
cut-off value to determine statistical significance. We used a
fixed-effects model for calculations of summary estimates
and their 95% CI unless there was significant heterogeneity,
in which case results were confirmed using a random-effects
model. Meta-analyses were carried out by using Review
Manager 5.0 provided by The Cochrane Collaboration.

Results

Of thel,961 references screened, six studies were included
in the final analysis (Fig. 1) [15-20]. Five trials reported

Table 2 Quality assessment of studies included [12—17]

fracture nonunion, malunion and failure of implants as
outcomes [15-17, 19, 20]; three trials reported infection
[16, 17, 20]; and two trials reported embolism [16, 17]. All
of the trials reported compartment syndrome (Table 1).
Three studies only included closed fractures [15, 16, 18],
one study only included open fractures [17] and two studies
included both [19, 20]. However, one study [19], which
included both fractures, only contained one open fracture in
the reamed group, thus it was not suitable for subgroup
analysis. During analysis, we excluded the open fracture
patient and treated it as a study that only included closed
fractures. There were 1,698 tibias analysed, 872 of which
were treated with reamed intramedullary nailing (Table 1).

The methodological quality of the studies included is
summarised in Table 2. All studies were randomised
controlled trials. The k coefficient on the agreement of the
studies included was 0.91, suggesting good agreement
between reviewers in data extraction.

Fracture nonunion

Of the five trials reporting nonunion as an outcome (n=
1649), three trials only included closed fractures and one
trial included both open and closed fractures. In the closed
fracture subgroups, reamed intramedullary nailing was

Study Randomisation Allocated concealment Blinding Withdrawal/lost to follow-up (%)
Court-Brown et al. (1996) [15] Adequate Unclear Unclear 0
Blachut et al. (1997) [16] Adequate Unclear Unclear 0
Keating et al. (1997) [17] Adequate Unclear Unclear 6
Nassif et al. (2000) [18] Adequate Unclear Unclear 0
Larsen et al. (2004) [19] Adequate Unclear Unclear 5
Bhandari et al. (2008) [20] Adequate Adequate Adequate 7
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Fig. 2 Comparison of nonunion
rates between reamed and
unreamed nails

Reamed
# Tot:

LIy O 11318|

1.1.1 Open fi actures

!

Keating et al. 1997 4 50
Bhandari et al. 2008 19 2
Subtntal (35% CI) 271
Total events 23

Heterogeneity. Chi®= 0.27, df=1 (P = 0.60), F= 0%

Testfor overall effec: Z= 0,18 (F = 0.86)

1.1.2 Closed fraciures

Court-Brown et al. 1996 0 25
Blachut etal. 1997 3 77
Larsen et al. 2004 0 21
Bhandari et al. 2008 8 454
Subtotal (95% CI) 577
Total events 11

Heterogeneity Chi*= 254 df=3(P=047), F=0%

Testfor overall effect Z= 2.63 (F = 0.008)

Total (95% CI) 848
Total events 34

Heterogeneity. Chi*= 560, df=5 (P =0.35), F=11%

Testfor overall effec: Z=1.99 (F = 0.05)

Test for subaroun differences: Not annlicable

associated with a 59% risk reduction in fracture nonunion
compared with unreamed (RR: 0.41, 95% CI: 0.21-0.89, P=
0.008; Fig. 2). The direction of effect was consistent in all
studies and heterogeneity tests indicated no statistical
evidence of heterogeneity. Of the two trials in the open
fracture subgroup, a fixed-effects model was used. There was
no statistical evidence of heterogeneity by heterogeneity
tests. The result showed no significantly different nonunion
rate between reamed and unreamed groups (RR: 0.95, 95%
CI: 0.55-1.65, P=0.86; Fig. 2). Ignoring fracture types, a
fixed-effects model indicated a higher rate of fracture
nonunion in the unreamed intramedullary nailing group
(RR: 0.66, 95% CI: 0.43-0.99, P=0.05; Fig. 2).

Failure of implants

Five studies provided data about implant failures (n=
1,649), three trials only included closed fractures and one
trial included both open and closed fractures. In the closed
fracture subgroups, reamed intramedullary nailing was
associated with a 65% risk reduction in implant failures

Fig. 3 Comparison of implant Reamed

failure rates between reamed Study or Subgrou

Unreamed

Unreamed
Events Total Events Total Weight M-H, Fixed, 95% Cl _Year

Risk Ratio

Risk Ratio
-H, Fixed ixe

5 44 103%  0.70[0.20,2.46) 1997
18 214 353%  1.02[0.55,1.88] 2008

268 456%  0.95[0.55, 1.65]
23
5 25 106% 009[0.01,155) 1996 —
7 64 148%  0.36(0.10,1.32) 1997 —
2 16 54%  0415[0.01,3.01] 2004 —
12 438 236%  0.64(0.27,1.56) 2008 —

543 54.4%  0.41[0.21, 0.80] <
2

801 100.0%  0.66[0.43,0.99] L 4
49

0.005 0.1 ] 10 200

Favours experimental Favours contral

compared with unreamed nails (RR: 0.35, 95% CI: 0.22—
0.56, P<0.0001; Fig. 3). The subgroup analysis of nail
failure and screw failure in the closed fracture group
showed that reamed nails significantly decreased screw
failure risk compared with unreamed nails (RR: 0.34, 95%
CI: 0.21-0.55, P<0.0001). However, there was no differ-
ence in nail failures between the reamed and unreamed
groups in closed fractures (RR: 0.91, 95% CI: 0.13-6.62,
P=0.93). Of the two trials in the open fracture subgroup, no
significant difference in implant failures was found between
the reamed and unreamed groups (RR: 0.63, 95% CI: 0.34—
1.17, P=0.14; Fig. 3). And the subgroup analysis of nail
failure and screw failure in the open fracture group also
indicated no significant difference between the two sub-
groups. Heterogeneity tests showed no statistical evidence
of heterogeneity in the above analysis.

Compartment syndrome

Of the six trials reporting nonunion as an outcome (n=
1,686), four trials only included closed fractures and one

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

. 1.2.1 Open fractures

and unreamed nails Keating et al. 1997 6 50 13 44 167%  0.41(0.17,098] 1997 ——
Bhandari et al, 2008 9 9 214 11.0% 097(0.39,239 2008 R
Subtotal (95% CI) 21 258 27.7%  0.63[0.34, 1.17) R
Total events 15 22
Heterogeneity, Chi*=1.83,df=1 (FP=018), F= 45%
Testfor overall effect Z=147 (F=014)
1.2.2 Closed fractures
Court-Brown et al, 1996 1 25 14 25 16.9% 007[0.01,050] 1986 —
Blachut etal, 1997 T IT 12 64 158% 048[0.20,1.16] 1997 —
Larsen et al. 2004 1 ral 3 16 41% 0.25[0.03, 2.22] 2004 [
Ehandari et al. 2008 13 454 29 438 356% 0.43[0.23,082] 2008 —
Subtotal (95% CI) 577 543 723% 0.35[0.22, 0.56] <&
Total events 22 58
Heterogeneity, Chi*= 3.59, df= 3 (P=0.31), F=16%
Testfor overall effect: 2= 4.33 (P < 0.0001)
Total (95% CI) 848 801 100.0%  0.43[0.29, 0.62] L 4
Total events 37 80 : ; ; i
Heterogeneity: Chi*= 6.69, df=5 (P =0.25), F= 25% 'I]_IJ1 D!1 1'0 1DDI

@ Springer

Testfor overall effect: Z= 4 46 (P = 0.00001)
Test for subaroun differences: Not anolicable

Fawvours experimental Favours contral



International Orthopaedics (SICOT) (2010) 34:1307-1313

1311

Fig. 4 Comparison of Reamed
compartment syndrome

rates between reamed and

Study or Subyrou
1.3.1 Open fractures
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Testfor overall effect Z=0.21 (F=0.84)
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Testfor subaroun differences: Not anolicable

trial included both open and closed fractures. In the closed
fracture subgroups, there was no significantly different
compartment syndrome rate between the reamed and
unreamed groups (RR: 0.69, 95% CI: 0.35-1.36, P=0.29;
Fig. 4). Of the two trials in the open fracture subgroup, no
significant difference in risk reduction of compartment
syndrome was found between the reamed and unreamed
groups (RR: 0.84, 95% CI: 0.35-3.64, P=0.84; Fig. 4).
Heterogeneity tests indicated no statistical evidence of
heterogeneity.

Malunion

Four studies provided data about malunion (n=322), three
trials only included closed fractures and one trial only
included open fractures. In the closed fracture subgroups,
there was no significantly different incidence of compart-
ment syndrome between the reamed and unreamed groups
(RR: 0.44, 95% CI: 0.16-1.21, P=0.11; Fig. 5). One study
included open fractures and also showed no different
compartment syndrome rate between the reamed and

Fig. 5 Comparison of malunion Reamed
rates between reamed and Study or Subgrou Events Total
d i 1.4.1 Open fractures
unreamed nails Keating etal. 1997 2 50
Subtotal (95% Cl) 50
Total events 2

Heterogeneity, Mot applicable
Testfor overall effect 2= 047 (P = 0.64)

1.4.2 Closed fractures
Court-Brown et al, 1996 1] 25

unreamed groups (P=0.64; Fig. 5). There was no statistical
evidence of heterogeneity by heterogeneity tests.

Only two studies reported embolism as an outcome [16,
17]. We had not carried out subgroup analysis, because there
were limited studies. The pooled data analysis indicated a
significantly different embolism rate between the reamed and
unreamed groups (RR: 0.94, 95% CI: 0.11-7.84, P=0.96).
When we compared infection rates both in open fractures
and closed fractures, there was no significant difference
between the reamed and unreamed groups. There was no
statistical evidence of heterogeneity by heterogeneity tests.

Discussion

Principle findings

Our meta-analysis has shown that reamed intramedullary
nailing significantly reduced the risk of nonunion and implant

failures (especially screw failures) compared with unreamed
nails in closed tibial fractures. There was no statistical

Blachut et al, 1997 3 77
Larsen etal. 2004 2 21
Subtotal (95% Cl) 123
Total events 5

Heterogeneity. Chi*= 2.26, df= 2 (P=032), F=12%
Testfor overall effect £=1.59 (P =0.11)

Total (95% CI)
Total events

7

173

Unreamed Risk Ratio Risk Ratio
Events Total Weight M.H, Fixed, 95% Cl Year M.H, Fixed, 95% CI
1 44 87% 1.76[0.17,18.75 1997
44 87% 1.76[0.17, 18.75]
1
4 25 366% 011[0.01,196 1996 — @ ———
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4 16 369%  0.38[0.08,1.83 2004 —a—
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1
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difference in compartment syndrome, malunion and infection
rates between reamed and unreamed nails in closed fractures.
In open tibial shaft fractures, our analysis results have not
found any statistically different risk reduction of nonunion,
implant failures, compartment syndrome, malunion and
infection between reamed and unreamed nails. Because only
two studies reported embolism, we had not carried out
subgroup analysis. The results demonstrated no statistical
difference between the reamed and unreamed groups. Overall,
our findings support reamed intramedullary nailing for the
treatment of closed tibial fractures.

Strengths and limitations

Our meta-analysis differs from earlier analyses in
several ways [14, 22]. We included several recently
published studies targeted at reamed and unreamed intra-
medullary nailing for the treatment of tibial shaft fractures
[18-20]. Bhandari et al. [22] compared reamed and
unreamed tibial and femoral nails together, making the
validity questionable. Forster et al. [14] only included
three studies and chose odds ratios, which are mainly used
for retrospective study, and they compared reamed and
unreamed techniques for open and closed tibial fractures
together. The clinical heterogeneity limited the power of
results. Our study is strengthened by the comprehensive
search and broad clinical eligibility criteria (including
publications in any language) and by including only
randomised controlled trials. We undertook a subgroup
analysis, so the clinical consistency is high and the results
are more reliable.

However, all meta-analyses are subject to potential bias
and our study was not excluded. Firstly, the number of the
studies included and participants in the open fracture
subgroup was relatively small. This limited the power of
analysis results. Secondly, methodological limitations
resulted from variations in operative technique and treat-
ment protocols between trials investigating the same
technology. A differential expertise bias might have existed
in our study. Thirdly, although we have undertaken a
comprehensive search strategy, we have not included any
unpublished trials. A publication bias might exist. Incon-
sistent reporting of outcomes across trials also raises the
possibility of selective reporting bias [23].

Clinical implications

The choice of reamed versus unreamed intramedullary
nailing for the treatment of open and closed tibial fractures
remains controversial. Our meta-analysis showed that
reamed intramedullary nailing had a lower risk of nonunion
in closed tibial fractures. Several reasons may account for
this. Firstly, reaming allows the use of larger diameter nails,

@ Springer

providing better resistance to fatigue failure and increasing
endosteal contact with better stability [24]. Secondly,
reaming increases the periosteum and surrounding soft
tissue envelope hyperaemic reaction which will revascular-
ise the diaphysis by a centripetal blood supply, though it
may destroy the endosteal blood flow. However, the soft
tissue and periosteum damage in open fractures would
interrupt the process of revascularisation. This may be the
reason why our analysis results showed no statistical
difference in nonunion rates between reamed and unreamed
nailing in open fractures. Finally, reaming material depos-
ited at the fracture site is thought to have an osteogenic
effect, much like a bone graft [25]. There was also evidence
of a lower relative risk of implant failures in closed tibial
fractures. This is mainly due to reaming increasing the
contact area between the nails and the bone surface. Thus
our analysis results recommend that reamed intramedullary
nailing is a safer procedure with lower nonunion rates than
unreamed nailing for closed tibial fractures. However, our
study has not found any statistical difference between
reamed and unreamed nails for open tibial fractures. More
large randomised trials should be performed to clarify the
choice.
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