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The aim of this study was to establish whether the use of an extramedullary or intramedullary tibial cutting
guide leads to superior mechanical leg axis and implant positioning. A meta-analysis of six randomized
controlled trials including 350 knees was performed. For the mechanical axis, frontal tibial component angle
and tibial slope, there were no significant differences in the mean values or the number of outliers (±3o)
between the extramedullary and intramedullary groups. A reduced tourniquet time was associated with the
intramedullary guide. No significant difference in the complication rate was noted between the two groups.
Neither extramedullary nor intramedullary tibial alignment was more accurate in facilitating the tibial cut. Use
of an intramedullary guide results in a shorter tourniquet time and exhibits a similar complication rate as the
extramedullary guide.
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’ INTRODUCTION

Total knee arthroplasty (TKA) is a successful procedure for
the treatment of pain and for restoring physical function in
patients with severe arthritis (1-4). Lower extremity align-
ment is one of the paramount factors determining the long-
term success of TKA. The survival rate of TKA is increased if
leg alignment is restored within 3o of valgus or varus on the
mechanical axis (5,6). Malpositioning of the implant can lead
to early wear and loosening as well as inferior functional
performance (7,8), which potentially exposes patients to
reduced implant longevity (9-11).
Both intramedullary (IM) and extramedullary (EM) techniques

are popular for guiding tibial component alignment in TKA.
However, significant debate still exists regarding the optimal
alignment guide for the placement of the tibial component. Most
TKA systems offer both methods at the choice of the surgeon.
Each tibial instrumentation method is reliable, although different
authors have presented opposing results with respect to which
type of tibial instrumentation results in better component
alignment (12-14). Some randomized controlled trials (RCTs)

have been published comparing the IM with the EM guide for
tibial component alignment in TKA. However, a meta-analysis
evaluating the radiographical outcomes between the two
guiding techniques has not been performed.

In this study, we conducted a meta-analysis of pooled data
from relevant RCTs to evaluate whether an IM or EM tibial
guide is more accurate in assuring correct tibial positioning.
Moreover, the tourniquet time and complication rate were
also compared between these two techniques.

’ MATERIALS AND METHODS

We conducted a meta-analysis of all English and non-English
articles identified from electronic databases including Medline,
Embase, Cochrane Library, China National Knowledge Infra-
structure, Wan Fang Chinese Periodical and Google. In
addition, we also manually searched for other relevant studies
including those from the reference lists of all included studies.
The last search was conducted on September 2, 2014. We used
the following key words: arthroplasty, replacement, knee, total
knee arthroplasty, randomized, randomised, intramedullary
and extramedullary. These key words were used in combina-
tion with the Boolean operators AND or OR. The search
strategy is presented in Figure 1.

Exclusion criteria and quality criteria
We included all published RCTs comparing EM guides

with IM guides in patients undergoing primary TKA.DOI: 10.6061/clinics/2015(10)10
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Exclusion criteria comprised the following: trials with
a retrospective design and trials that did not randomize
patients into two relevant groups. Quality criteria included
the randomization method, concealment of allocation,
blinding and intention-to-treat analysis.

Data extraction
For each eligible study, two of the authors of this meta-

analysis independently extracted all relevant data. Disagree-
ment was resolved by discussion with a third investigator. The
following data were extracted: 1) the participants’ demographic
data; 2) the mean value of the mechanical axis and the number
of outliers (±3o); 3) the mean value of the frontal tibial
component (FTC) angle and the number of outliers (±3o); 4) the
mean value of the tibial slope; 5) the tourniquet time; 6) and the
complication rate. When data were incomplete or unclear,
attempts were made to contact the investigators for clarification.

Radiologic limb alignment
The mechanical axis was defined as a line bisecting the

center of the femoral head, the center of the knee and the
center of the ankle. The FTC angle was defined as the angle
measured between the articular surface of the tibial
component and the mechanical axis of the tibia with a goal
of 90o. The tibial slope was measured as the angle between
the tibial plateau and a line perpendicular to the anatomical
axis of the tibia. Up to 3o of deviation from neutral alignment

was considered acceptable, whereas values outside of this
range were classified as outliers.

Data analysis
This meta-analysis was conducted using RevMan 5.0

(Cochrane Collaboration, Oxford, UK). We assessed the
statistical heterogeneity using a standard chi-square test
(statistical heterogeneity was considered to be present at
po0.1 and I2 values 450%). When comparing trials exhibiting
heterogeneity, pooled data were meta-analyzed using a random
effects model; otherwise, a fixed effects model was used. Mean
differences and 95% confidence intervals (CIs) were calculated
for continuous outcomes and risk ratios (RR) and 95% CIs were
calculated for dichotomous outcomes.

’ RESULTS

A total of 363 potentially relevant papers were identified.
By screening titles and reading the abstracts and the entire
articles, six studies with 350 knees (173 in the EM group and
177 in the IM group) were included in the final meta-
analysis. All of these RCTs were published in English. The
sample sizes ranged from 50 to 100 knees. Five studies
assessed radiological alignment (14-18) and one study
assessed functional outcomes (19). The key characteristics
of the included RCTs are summarized in Table 1.

Methodological quality
The methodological quality of the six included studies was

variable. The reported methods of generating allocation
sequences were adequate in two studies and five trials
reported allocation concealment. Blinding of the surgeon and
the patients was reported in four studies and five of the
studies blinded their assessors to the outcome. The metho-
dological quality of the studies is presented in Figure 2.
Judgment with respect to each risk of bias item is presented
as a percentage for all of the included studies, as shown
in Figure 3.

Comparison of radiologic limb alignment
The pooled results indicated that there was no significant

difference between the two groups in terms of the mean
mechanical axis (p=0.31, Figure 4a). Outliers in the mechan-
ical axis occurred in 37.3% of knees (31/83) in the EM group
compared with 33.7% (30/89) in the IM group and there was
no significant difference (p=0.63, Figure 4b). No significant
difference in the mean FTC angle was noted between the two

Figure 1 - Flow chart of the study selection and inclusion process.

Table 1 - Characteristics of the included studies.

Author Country Patients
(EM)/(IM)

Age
(EM)/(IM)

Gender
(EM)/(IM)

Total knee system Evaluation of alignment

Blakeney 2011 (17)
2014 (19)

Australia 34/36
35/36

o70 years:11/19;
470 years: 23(24)/17

Male:12/15
Female: 23/21

Genesis II total knee system
(Smith&Nephew)

6 weeks for X ray;
3 months for CT

Kroon 2012 (18) Netherlands 24/26 Not stated Not stated Genesis II MIS-TKA
(Smith&Nephew)

4 to 6 months
X ray

Lozano 2008 (16) Spain 38/31 70 years old/
69 years old

Male:7/3
Female: 32/28

Profix total knee system
(Smith&Nephew)

Examination time:
Not stated
X ray

Chin 2005 (15) Singapore 30/30 65.6 years old/
66.9 years old

Male:7/6
Female: 23/24

PFC Sigma total knee system
(Depuy)

Examination time:
Not stated
X ray

Reed 2002 (14) United Kingdom 46/54 68 years old/
69 years old

Male: 24/22
Female: 28/26

Not stated 3 months
X ray

EM: Extramedullary group; IM: Intramedullary group.
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groups (p=0.60, Figure 4c). The outliers in the FTC angle
occurred in 26.3% of knees (20/76) in the EM group
compared with 25% (21/84) in the IM group and there was
no significant difference (p=0.89, Figure 4d). There was no
significant difference between the two groups in terms of the
mean tibial slope (p=0.42, Figure 4e).

Comparison of the tourniquet time and the
complication rate

The tourniquet time was shorter in the IM group compared
with the EM group (p=0.01, Figure 5a). TKA-related complica-
tions occurred in 4.2% of knees (3/72) in the EM group
compared with 3.0% (2/67) in the IM group with no significant
difference (p=0.70, Figure 5b). Blakeney et al. (17) stated that
there was one case of pulmonary embolism, one deep infection
and one case of knee stiffness in the EM group and one case of
knee stiffness in the IM group. Chin et al. (15) reported that one
patient in the IM group had a mild stroke. The functional scores
were evaluated, although insufficient data were available for
the meta-analysis. Only one study measured functional knee
scores (Oxford knee score) with mean scores of 37.6 in the EM
group and 36.8 in the IM group.

’ DISCUSSION

Our meta-analysis compared the radiographic outcomes
between the EM and the IM guiding techniques in patients
undergoing TKA. No significant differences were found
between the two groups in terms of the mean values of the
mechanical axis, the FTC angle or the tibial slope. Moreover,
neither the EM nor the IM guiding techniques offer an
advantage over the other method in reducing outliers of
greater than 3o. The IM guide is associated with a shorter
tourniquet time and exhibits a similar complication rate as
the EM guide. A comparison of functional outcomes between
the two groups could not be performed in this study because
RCT research on functional outcomes is scarce.

A previous study of British orthopedic surgeons found
that 75.6% prefer EM and 20.3% prefer IM jigs when
determining tibial alignment with the remainder using both
or neither (20). The published literature is divided as to
which jig is superior. According to the results of our
literature review, approximately 52.6% studies argue that
IM and EM guides are equally accurate for tibial alignment

Figure 2 - Methodological quality of the included studies. This
risk of bias tool incorporates assessment of randomization
(sequence generation and allocation concealment), blinding
(participants, personnel and outcome assessors), completeness
of outcome data, selection of outcomes reported and other
sources of bias. The items were scored with ‘‘yes’’, ‘‘no’’, or
‘‘unsure’’.

Figure 3 - Risk of bias. Each risk of bias item is presented as a percentage across all included studies and indicates the proportional level
for each risk of bias item.
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Figure 4 - a. Comparison of the mean mechanical axis between the extramedullary and the intramedullary technique. b. Relative risk of
producing a deviation of greater than 3o from neutral in the mechanical axis in extramedullary group vs. the intramedullary group.
c. Comparison of the mean FTC angle between the extramedullary and intramedullary technique. d. Relative risk of producing
deviation of greater than 3o from neutral in the FTC angle for the extramedullary vs. intramedullary techniques. e. Comparison of the
mean tibial slope between the extramedullary and intramedullary groups.

Figure 5 - a. Comparison of the mean tourniquet time between the extramedullary group and the intramedullary group. b. Comparison
of the complication rate between the extramedullary group and the intramedullary group.
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(12,16-18,21-26). Approximately 36.8% suggest that an IM
guide is more accurate (13,14,27-30,34) and 10.5% suggest
that an extramedullary guide is more accurate (31,32).
However, very few studies included large samples or RCTs
for a comparison of the two methods. Regarding the
accuracy of the tibial cutting, this current meta-analysis
study suggests that neither EM nor IM tibial alignment is
more accurate than the other approach.
Most surgeons prefer to use the extramedullary guide either

because they are more experienced in its use or because of the
possible complications of the IM guide. However, because the
center of the talus is slightly medial to the midpoint between
the malleoli, the surgeon must estimate the location of the
center of the talus based on these bony landmarks, which may
be obscured by soft tissue in obese patients or by bony
abnormalities (33). For IM guides, the entry point position is a
key factor and the ideal entry point position is located on the
tibial articular surface corresponding to the proximal con-
tinuation of the tibial canal and should be preoperatively
determined with the help of X-rays (34). Moreover, decom-
pression of the medullary contents using suction before
instrumenting the canal is also recommended to decrease
the risk of embolizing the medullary contents (35). Therefore,
it is important for the surgeon to appreciate the benefits and
deficiencies of each guide and to use whichever method is
most appropriate for each particular case, although both the
EM and IM systems allow for satisfactory alignment.
Most surgeons have accepted that a postoperative mechan-

ical axis of 0o±3o will result in less pain, better
knee function, faster rehabilitation and improved quality of
life (36-39). Recently, several studies found that a post-
operative mechanical axis of 0o±3o did not result in better
long-term survival of TKA implants compared with a group
of outliers (39-43). In one of the most influential studies,
Parratte et al. (40) retrospectively reviewed the data of 398
primary TKAs and found that a mechanical axis of 0o±3o did
not improve the rate of survival 15 years postoperatively. This
result implies that the accuracy of the mechanical axis likely
provides limited value with regards to long-term durability. In
addition, although computer-assisted TKA improves the
mechanical leg axis and component orientation compared
with the conventional technique, there is currently no proven
clinical benefit of this approach. Therefore, future research on
tibial guiding techniques should not only assess radiological
alignment but also consider functional outcomes.
This present meta-analysis has several limitations. First,

only six studies were included and the sample size of the
included studies was small, which might have affected our
results. Second, most of the trials focused on short-term
radiographic outcomes and only one RCT study evaluated
functional outcome. Therefore, we could not perform a valid
statistical comparison of the functional outcomes between
the two groups. Therefore, further high-quality RCTs with
long-term follow-up should be designed to assess radio-
graphic outcomes, knee function and implant survival rate.
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