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Abstract

Background: Optimal surgical approach for tibial shaft fractures remains controversial. We perform a meta-
analysis from randomized controlled trials (RCTs) to compare the clinical efficacy and prognosis between
infrapatellar and suprapatellar intramedullary nail in the treatment of tibial shaft fractures.

Methods: PubMed, OVID, Embase, ScienceDirect, and Web of Science were searched up to December 2017
for comparative RCTs involving infrapatellar and suprapatellar intramedullary nail in the treatment of tibial
shaft fractures. Primary outcomes were blood loss, visual analog scale (VAS) score, range of motion, Lysholm
knee scores, and fluoroscopy times. Secondary outcomes were length of hospital stay and postoperative
complications. We assessed statistical heterogeneity for each outcome with the use of a standard x° test
and the /* statistic. The meta-analysis was undertaken using Stata 14.0.

Results: Four RCTs involving 293 participants were included in our study. The present meta-analysis indicated
that there were significant differences between infrapatellar and suprapatellar intramedullary nail regarding the
total blood loss, VAS scores, Lysholm knee scores, and fluoroscopy times.

Conclusion: Suprapatellar intramedullary nailing could significantly reduce total blood loss, postoperative
knee pain, and fluoroscopy times compared to infrapatellar approach. Additionally, it was associated with
an improved Lysholm knee scores. High-quality RCTs were still required for further investigation.
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Background

Tibial shaft fracture is common and comprises
about 2% of workload in all fractures in adult [1,
2]. The intramedullary nail (IMN) fixation is re-
ported to be a successful surgical procedure for the
treatment of tibial shaft fracture and shows im-
proved outcome in functional recovery [3]. The
traditional infrapatellar is the common surgical ap-
proach to insert an IMN for the tibial shaft frac-
ture. However, this approach requires a flexed knee
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and makes it difficult to use correctly in proximal
third tibial shaft fractures, because the quadriceps
muscle forces the proximal fragment into extension,
resulting in deformities of angulation and fragment
displacement [4]. Additionally, chronic postopera-
tive knee pain is one of the most frequent compli-
cations after IMN insertion; the incidence was
reported varying from 10 to 80% [5, 6].

The semiextended approach for tibial IMN inser-
tion was first introduced in 2000 and then was
modified into suprapatellar approach [7]. It has
more simple access to entry point at proximal tibia,
facilitates fracture reduction, and avoids patellar
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Fig. 1 Search results and the selection procedure
Table 1 Trial characteristics
Author Study  Location Sample Mean Female Type of fractures  IP group SP group Follow-up
design size age patient
(IP/SP)  (IP/SP)  (IP/SP)
Chan, 2015 RCT USA 14/11 43/40  4/5 Open tibial shaft  Infrapatellar tibial nail ~ Suprapatellar tibial 16 months
fractures: 3 insertion nail insertion
Closed tibial shaft
fractures: 22
Zhe, 2016 RCT China 30/38  46/42  4/3 Open tibial shaft  Infrapatellar Suprapatellar 6 months
fractures: 8 intramedullary nailing  intramedullary nailing
Closed tibial shaft
fractures: 60
Sun, 2016 RCT China 81/81 47/46  16/15  Open tibial shaft  Infrapatellar Suprapatellar 24 months
fractures: 21 intramedullary nailing  intramedullary nailing
Closed tibial shaft
fractures: 141
Sreekumar, 2017 RCT India 17/21 44742 9/8 Open tibial shaft  Infrapatellar tibial nail ~ Suprapatellar tibial nail 12 months

fractures: 5
Closed tibial shaft
fractures: 33

IP infrapatellar, SP suprapatellar, RCT randomized controlled trial
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Fig. 2 Methodological quality of the randomized controlled trials

tendon. Additionally, the extended position of the
lower limb allows for easier fluoroscopic imaging
[4]. Zhan et al. reported that suprapatellar approach
may be effective in reducing the incidence of post-
operative knee pain and prevent degenerative
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disorder of knee joint [8]. Besides, it can also de-
crease the risk of intraoperative second shifting.
However, some studies showed that intraarticular
injury may be the potential complication of this
technique.

Currently, the comparison of infrapatellar and
suprapatellar approach for tibial IMN insertion is
rarely reported, and most of them are retrospective
studies. The optional surgical approach remains
controversial. Therefore, we perform a systematic
review and meta-analysis of randomized controlled
trials (RCTs) to compare the clinical efficacy and
prognosis between classical infrapatellar and supra-
patellar IMN in the treatment of tibial shaft
fractures. We hypothesize that suprapatellar ap-
proach is superior to infrapatellar approach in
terms of functional outcome, postoperative pain,
and complications.

Methods

Ethical approval for this study was deemed unneces-
sary because it was a review of existing literature and
did not involve any handling of individual patient’s
data.

Search methodology

Two reviewers independently searched PubMed,
OVID, Embase, ScienceDirect, and Web of Science.
All databases were searched up to December 2017,
without restrictions on publication date and lan-
guage. The terms were used to search the databases:
“tibia shaft fracture,” “intramedullary nail,” “infrapa-
tellar,” and “suprapatellar.” Search terms were com-
bined using the Boolean operators “AND” or “OR.”
Reference lists of relevant articles were manually
searched to identify additional trials.

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias |
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Fig. 3 Risk of bias
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Inclusion and exclusion criteria

Studies were considered eligible when they met fol-
lowing criteria: (1) published clinical RCTs; (2) pa-
tients with tibial shaft fracture, intervention groups
received infrapatellar approach IMN, and control
groups received suprapatellar approach IMN; and (3)
studies with at least one of the following outcomes:
blood loss, visual analog score (VAS), range of mo-
tion, Lysholm knee scores, fluoroscopy times, length
of hospital stay, and postoperative complications.
Studies would be excluded from present meta-analysis
for incomplete data, case reports, conference abstract,
or review articles.

Study selection

Two investigators independently selected articles ac-
cording to the criteria described above. The full text
was scanned to determine whether articles fit the in-
clusion criteria. We resolved disagreements by dis-
cussion until a consensus was search. If no
consensus was reached, a third investigator was
consulted.
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Data extraction

Two investigators independently extracted the data from
the eligible studies that met the inclusion criteria. A
double-check procedure was performed to test the ac-
curacy of the extracted data. The information extracted
from the studies were as follows: first author names,
publishing year, study design, sample size, age, gender,
intervention of each groups, duration of follow-up, and
outcome measures. Primary outcomes were blood loss,
visual analog scale (VAS) score, range of motion,
Lysholm knee scores, and fluoroscopy times. Secondary
outcomes were length of hospital stay and postoperative
complications. Corresponding authors were consulted to
obtain incomplete outcome data.

Data analysis

We performed all meta-analysis using the Stata 14.0
software. For continuous outcomes, the number of
patients, means, and standard deviations were pooled
to a weighted mean difference (WMD) and a 95%
confidence interval (CI). For dichotomous outcomes,
the risk difference (RD) and the 95% CI were
assessed. The assessment for statistical heterogeneity

Study

Chan (2015)

WMD (95% CI) Weight

12.00 (-52.61, 76.61) 1.10

Zhe (2016)

Sun (2016)

Sreekumar (2017)

Overall (I-squared = 12.7%, p = 0.329)

- 27.00 (-6.00, 59.00) 447

12.00 (2.13, 21.87) 46.91

2.00(-7.81, 11.81) 47.53

7.92(1.15, 14.68) 100.00

-76.6 0

Fig. 4 Forest plot diagram showing effect of IP versus SP on total blood loss

76.6
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was calculated using the chi-square and I-square tests.
A fixed-effects model was used when > <50% and
P >0.05; otherwise, the random-effects model was
adopted.

Quality assessment

A quality assessment of each RCT was performed
according to the Cochrane Handbook for System-
atic Reviews of Interventions. Two authors inde-
pendently evaluated the risk of bias of the
included RCTs based on the following items: ran-
dom sequence generation, allocation concealment,
blinding, incomplete outcome data, selective
reporting, and other sources of bias. The evidence
grade was assessed using the guidelines of the
GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluation) working
group including the following items: risk of bias,
inconsistency, indirectness, imprecision, and publi-
cation bias. The recommendation level of evidence
was classified into the following categories: (1)
high, which means that further research is unlikely
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to change confidence in the effect estimate; (2)
moderate, which means that further research is
likely to significantly change confidence in the ef-
fect estimate but may change the estimate; (3) low,
which means that further research is likely to sig-
nificantly change confidence in the effect estimate
and to change the estimate; and (4) very low,
which means that any effect estimate is uncertain.
GRADE pro version 3.6 software is used for the
evidence synthesis.

Results

Search result

A total of 267 studies related to IMN and tibial shaft
fractures were reviewed. After reading the titles and ab-
stracts, 263 studies were excluded from the present
meta-analysis. Four RCTs [9-12] which published be-
tween 2015 and 2017 eventually satisfied the eligibility
criteria for this study. There were 142 participants in the
experimental groups and 151 patients in the control
groups. The search process was proceeded as presented
in Fig. 1.

Study

D WMD (95% CI) Weight
|
1
|
Chan (2015) — 0.50 (-0.00, 1.00) 6.70
1
|
|
|
Zhe (2016) —_— 0.60 (0.34, 0.86) 25.50
|
|
|
Sun (2016) —_— 0.72(0.55, 0.89) 61.12
1
|
|
Sreekumar (2017) ——————————— 1.09(0.58, 1.60) 6.67
1
|
Overall (I-squared = 14.9%, p = 0.318) <> 0.70 (0.57, 0.83) 100.00
i
1
|
|
1
1
|
1
I
T

Fig. 5 Forest plot diagram showing effect of IP versus SP on VAS scores
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Study characteristics

All of the included studies were RCTs. There were
two RCTs performed in China and one each in the
USA and India. All RCTs had defined eligibility cri-
teria. The sample size ranged from 25 to 162 and
average age ranged from 40 to 47 years old. In these
studies, the experimental groups received infrapatellar
approach IMN for tibial shaft fractures and the con-
trol groups received suprapatellar approach IMN.
Duration of follow-up ranged from 6 to 16 months.
The characteristics of the included studies are shown
in Table 1.

Risk of bias

Seven aspects of the RCTs related to the risk of
bias were assessed, following the instructions in
the Cochrane Handbook for Systematic Reviews of
Interventions (Fig. 2). Randomization was per-
formed in all RCTs and all of them mentioned that
the list of random numbers were generated from a
computer. Only one [9] article used sealed enve-
lopes for allocation concealment. None RCTs re-
ported double blinding to the surgeons and
participants. One study [10] showed that assessor was
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blinded. Low risk of bias due to incomplete outcome
data and selective outcome reporting were detected.
Judgments regarding each risk of bias item were pre-
sented as percentages across all the included RCTs in
Fig. 3.

Outcome analysis

Total blood loss

All RCTs reported the total blood loss following
IMN fixation. No statistical heterogeneity was ob-
served in our study (y* =3.44, df=3, I’ =12.7%, P =
0.329); therefore, a fixed-effects model was applied.
There was significant difference between the infrapa-
tellar groups and suprapatellar groups regarding the
total blood loss (WMD =7.92, 95% CI 1.15 to 14.68,
P =0.022; Fig. 4).

VAS scores

All RCTs showed the postoperative VAS scores at the
first follow-up after IMN fixation. There was no sig-
nificant heterogeneity (/\,2 =352, df=3, P =14.9%,
P =0.318); therefore, a fixed-effects model was
adopted. The result of meta-analysis indicated that
suprapatellar groups was associated with a significant

Study

WMD (95% CI) Weight

Chan (2015)
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@

-1.00 (-6.89, 4.89) 10.16

-1.90 (-4.05, 0.25) 7638

eekumar (2017)

Overall (I-squared = 0.0%, p = 0.385)

- 2.00(-3.12,7.12) 13.46

-1.28 (-3.16, 0.59) 100.00

Fig. 6 Forest plot diagram showing effect of IP versus SP on range of motion
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Fig. 7 Forest plot diagram showing effect of IP versus SP on Lysholm knee scores
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reduction in the VAS scores (WMD =0.70, 95% CI
0.570 to 0.83, P =0.000; Fig. 5).

Range of motion

Three RCTs provided the outcome of range of mo-
tion after IMN fixation. There was no significant
heterogeneity (y* =191, df=2, I =0%, P =0.385)
and a fixed-effects model was used. The pooled re-
sults demonstrated that there was no significant
difference between two groups regarding the range
of motion (WMD=-1.28, 95% CI -3.16 to 0.59,
P =0.180; Fig. 6).

Lysholm knee scores

Lysholm knee scores were reported in three RCTs. There
was no significant heterogeneity (y* =3.60, df=2, I* =
44.4%, P =0.166), and a fixed-effects model was used.
The present meta-analysis revealed that there was sig-
nificant difference between two groups in terms of
Lysholm knee scores (WMD =-5.58, 95% CI —7.33 to
-3.83, P =0.000; Fig. 7).

Fluoroscopy times
Two RCTs showed the fluoroscopy times during sur-
gery. Significant statistical heterogeneity was found

(% =546, df=1, > =81.7%, P =0.019), and a
random-effects model was applied. There was signifi-
cant difference between groups regarding the total
fluoroscopy times (WMD =26.70, 95% CI 3.15 to
50.25, P =0.026; Fig. 8).

Length of hospital stay

Three RCTs showed the length of hospital stay. A
fixed-effects model was adopted because no signifi-
cant heterogeneity was found (y* =0.21, df=2, I* =
0%, P =0.901). There was no significant difference
between the two groups in terms of length of
hospital stay (WMD =-0.05, 95% CI -0.33 to 0.23,
P =0.713; Fig. 9).

Postoperative complications

Three RCTs reported the postoperative complications
including nonunion or delayed union. A fixed-effects
model was adopted (y* =3.25, df=5, I* =0%, P =
0.662). There was no significant difference between
groups regarding the incidence of the postoperative
complications (RD =0.01, 95% CI -0.03 to 0.04, P =
0.755; Fig. 10).
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|

14.00 (-2.29, 30.29) 47.24

38.07 (26.13, 50.01) 52.76

26.70 (3.15, 50.25) 100.00

-50.3 0

Fig. 8 Forest plot diagram showing effect of IP versus SP on fluoroscopy times
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Evidence level and recommendation strengths

Quality of evidence was evaluated by the GRADE sys-
tem. The evidence quality for each outcome was moder-
ate to high. Therefore, we agreed that the overall
evidence quality was moderate, which means that further
research is likely to significantly change confidence in
the effect estimate but may change the estimate
(Table 2).

Publication bias

Publication bias was assessed by a funnel plot diagram.
The funnel plot diagrams of total blood loss and VAS
scores were symmetrical, indicating a low risk of publi-
cation bias (Figs. 11 and 12).

Discussion

To the best of our knowledge, it was the first
meta-analysis from RCTs to compare the clinical and
functional outcomes of the knee joint after infrapatellar
versus suprapatellar tibial nail insertion. The most im-
portant finding of the present meta-analysis was that
suprapatellar approach of IMN was associated with a

significant reduction in total blood, VAS scores, and
fluoroscopy times compared with infrapatellar approach.
Additionally, there were significant differences between
groups regarding the Lysholm knee scores. However,
there was no evidence that suprapatellar approach was
associated with a lower incidence of joint degeneration
of the patellofemoral joint. Further research was still re-
quired. The overall evidence quality was moderate,
which means that further research is likely to signifi-
cantly change confidence in the effect estimate but may
change the estimate.

Tibial shaft fractures were common in long bone
and were usually caused by high-energy trauma
such as traffic accidents and falling from a height
[13, 14]. The IMN was considered the gold stand-
ard for the treatment of tibial shaft fractures with
advantages of preferred stable fixation and less
damage to vascularity and soft tissue [15]. Supra-
patellar did not injure the tendon and was consid-
ered popular surgical approach [16]. Additionally,
suprapatellar IMN could insert nail with knee ex-
tended and avoid the risk of infrapatellar nerve
damage. Reducing perioperative blood loss was an
important issue which may promote recovery and
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Chan (2015)

-0.10 (-1.09, 0.89) 824
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Sun (2016)
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\

0.10 (-0.62, 0.82) 15.63

-0.08 (-0.41, 0.25) 76.13

-0.05 (-0.34, 0.23) 100.00

Fig. 9 Forest plot diagram showing effect of IP versus SP on length of hospital stay
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decrease the transfusion requirements. Few RCTs
reported the total blood loss between various sur-
gical approaches in tibial shaft fractures. The
present meta-analysis revealed that suprapatellar
approach was associated with a significant reduc-
tion of total blood loss.

Effective pain management may improve patients’
satisfaction and decrease postoperative complica-
tions. Postoperative pain following intramedullary
nailing surgery was the major concern, and patients
often complained of moderate to severe pain [17,
18]. It may be caused by the injury of the knee
structure and nerve. Besides, surgical stress response
which included inflammatory components also in-
duced postoperative pain. Leliveld and Verhofstad
[19] reported that 38% patients who underwent
infrapatellar incision had complication of chronic
knee pain and the incidence of iatrogenic damage to
the infrapatellar nerve after IMN was high and last-
ing. Injury to this nerve appeared to be associated
with postoperative knee pain. The suprapatellar ap-
proach was performed by an incision which was
proximal to the patella, and the intramedullary nail

passed through trochlear groove. Theoretically, there
was no risk of injury to the patellar tendon and the
infrapatellar nerve. Courtney et al. [20] reported that
the infrapatellar nerve could be well protected with
suprapatellar approach. Gaines et al. [21] showed
that there was a higher risk of articular structure
damage with infrapatellar approach than with supra-
patellar approach; however, there was no significant
statistical difference. Based on the current contro-
versy, we performed this meta-analysis from pub-
lished RCTs and indicated that there was a lower
incidence of knee pain with suprapatellar approach
compared to infrapatellar insertion.

Decreased range of motion after IMN was an undesir-
able outcome and was well documented in studies and
was varied [22]. Multiple factors may affect the range of
motion such as the damage to the vascularity and soft
tissue. However, different surgical approach for tibial
shaft fractures remains controversial. Leliveld and Ver-
hofstad [19] reported that knee range of motion was
equivalent to the unaffected side with infrapatellar tibial
IMN on long-term follow-up. Though Chan et al. [9]
showed an improved range of motion with suprapatellar
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1
1
1
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Fig. 10 Forest plot diagram showing effect of IP versus SP on postoperative complications
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approach compared with infrapatellar approach, there
was no significant difference. Our study observed no sig-
nificant statistical difference. Long-term follow-up was
required.

Lysholm et al. [23] published their first knee scor-
ing scale in 1982. It was a questionnaire that con-
tained eight items about the function and symptom
of knee, which described a validated evaluation of
patient activities of daily living. It has been widely
used in various types of knee fractures. Song et al.
[24] showed that there was a closely relationship
between Lysholm knee scores and knee pain in pa-
tients undergoing tibial IMN. Our study indicated
that there was an improved Lysholm knee scores in
suprapatellar groups compared with infrapatellar
groups. Fluoroscopy time was significantly shorter
in suprapatellar groups. The infrapatellar position
made it difficult to perform a fluoroscopy during
the surgical procedure. Capturing the orthogonal
view of tibia was much easier with knee in

semi-extended position, and this position may sim-
plify the reduction of the fracture [25].

Several potential limitations of the present
meta-analysis should be noted: (1) only four RCTs
were included in our study, and the sample sizes were
small; thus, it may result in overestimating the out-
comes; (2) methodological weakness existed in all
RCTs which may influence the results; (3) due to the
limited studies, we failed to perform a subgroup ana-
lyses to investigate the other factors, such as gender,
age, body mass index, and fracture type; thus, we
could not determine the source of heterogeneity; (4)
short-term follow-ups may lead to an underestimation
of complications; and (5) all included RCTs were Eng-
lish and Chinese publications; thus, publication bias
was unavoidable.

Conclusion
Suprapatellar intramedullary nailing could significantly
reduce total blood loss, postoperative knee pain, and
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Table 2 The GRADE evidence quality
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Quality assessment No. of patients  Effect Quality  Importance
No. of Design Limitations Inconsistency Indirectness Imprecision IP SP
studies groups groups
Total blood loss
4 RCT Serious No serious No serious  No serious 142 151 WMD =7.92, 95% High Critical
limitations inconsistency indirectness imprecision Cl 1.15 to 14.68
VAS scores
4 RCT Serious No serious No serious  No serious 142 151 WMD =0.70, 95% High Critical
limitations inconsistency indirectness imprecision Cl 0.570 to 0.83
Range of motion
3 RCT Serious No serious No serious  No serious 112 113 WMD = - 1.28, 95% High Critical
limitations  inconsistency indirectness imprecision Cl=3.1610 059
Lysholm knee scores
3 RCT Serious No serious No serious  No serious 112 113 WMD = — 5.58, 95% High Critical
limitations  inconsistency indirectness imprecision Cl—7331t0-383
Fluoroscopy times
2 RCT Serious Serious No serious  No serious 1111 119 WMD = 26.70, 95% Moderate Critical
limitations  inconsistency indirectness imprecision Cl 3.15 to 50.25
Length of hospital stay
3 RCT Serious No serious No serious  No serious 125 130 WMD = - 0.05, 95% High Critical
limitations  inconsistency indirectness imprecision Cl-0331t0023
Postoperative complications
3 RCT Serious No serious No serious  No serious 125 130 RD=0.01,95% Cl —0.03 High Critical
limitations  inconsistency indirectness imprecision to 0.04
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Fig. 11 A funnel plot of total blood loss
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fluoroscopy times compared to infrapatellar approach. 4. Zelle BA, Boni G. Safe surgical technique: intramedullary nail fixation of tibial
Additionally, it was associated with an improved shaﬁ fractures. Patient safety in surgery. 2015;9:40. -
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