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Abstract
Purpose  To determine how the incision technique for hamstring tendon (HT) harvest in anterior cruciate ligament (ACL) 
reconstruction affects the risk of injury to the IPBSN and clinical outcome.
Methods  A systematic literature search of the MEDLINE/Pubmed, Cochrane Central Register of Controlled Trials (CEN-
TRAL) and EBSCOhost electronic databases and clinicaltrials.gov for unpublished studies was performed to identify com-
parative studies investigating injury to the IPBSN after HT ACL reconstruction by comparing at least two different incision 
techniques. Data were extracted for the number of patients with evidence of any neurologic deficit corresponding to injury to 
the IPBSN, area of sensory deficit, the Lysholm score and patient satisfaction. The mean difference (MD) in study outcome 
between incision groups was assessed. The relative risk (RR) and the number needed to treat (NNT) were calculated. The 
Chi-square and Higgins’ I2 tests were applied to test heterogeneity. Data were pooled using a Mantel–Haenszel random-effects 
model if the statistical heterogeneity was > 50% and a fixed-effects model if the statistical heterogeneity was < 50%. The risk 
of bias was evaluated according to the Cochrane Database questionnaire and the quality of evidence was graded according 
to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) guidelines.
Results  A total of eight studies (three randomized controlled trials (RCTs) and five comparative studies) were included, of 
which six compared vertical and oblique incisions, one horizontal and vertical incisions, and one compared all three tech-
niques. HT harvest was performed through a vertical incision in 329 patients, through an oblique incision in 195 patients 
and through a horizontal incision in 151 patients. Considering the meta-analysis of the RCTs, the performance of a vertical 
incision significantly increased the risk of causing IPBSN deficiency compared with both oblique and horizontal incision 
[RR 1.65 (CI 1.10–2.49, p = 0.02) and RR 2.45 (CI 1.73–3.47, p < 0.0001), respectively]. A significantly larger area of sen-
sory deficit was found with vertical incisions compared with oblique ones, with an MD of 22.91 cm2 (95% CI 7.73–38.08; 
p = 0.04). No significant differences were found between the incision techniques in relation to patient-reported outcomes. 
The same trend was obtained after the performing a meta-analysis of all eight included studies. The quality of evidence in 
this meta-analysis was determined as “low” to “moderate”, mostly due to inadequate methods of randomization and high 
heterogeneity among the included studies.
Conclusion  The performance of a vertical incision to harvest HTs for ACL reconstruction significantly increased the risk of 
iatrogenic injury to the IPBSN compared with both oblique and horizontal incisions.
Level of evidence  Level I–III, meta-analysis of comparative studies.
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Introduction

Anterior cruciate ligament (ACL) ruptures are among the 
most common injuries in the young, active population [4, 
23]. The surgical reconstruction of the ACL is regarded 
as the gold standard treatment and it has been shown 
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successfully to return the majority of patients to the desired 
level of physical activity [14, 15]. The most commonly used 
graft options for ACL reconstruction are bone-patellar-ten-
don-bone and hamstring tendons (HTs). Comparable out-
comes have been reported between the graft types, but the 
HT autograft is advocated by some surgeons, since it has 
been associated with lower rates of donor-site morbidity and 
postoperative complications [20, 26]. Nevertheless, the HT 
harvest also involves potential risks, such as damage to the 
terminal branches of the saphenous nerve [27]. This iatro-
genic injury may lead to anterior knee pain or discomfort 
due to hypo- or dysanesthesia, allodynia or painful neuroma 
[3]. Immediately after passing the adductor canal, the saphe-
nous nerve divides into two terminal branches—the sarto-
rial branch and the infrapatellar branch. The infrapatellar 
branch of the saphenous nerve (IPBSN) runs vertically on 
the medial aspect of the knee along the posterior rim of 
the sartorius muscle and pierces the fascia lata between the 
sartorius and gracilis tendons to provide sensory perception 
of the skin anterior and medial to the knee [1, 8, 27, 31]. 
However, the anatomy of the IPBSN can vary considerably, 
with numerous ramifications [11] and a location-dependent 
position [12].

There is a shortage of studies investigating the potential 
damage to these neural branches while harvesting HT grafts 
in ACL reconstruction and the risk may be underestimated. 
In fact, lesions of the IPBSN have been reported to occur in 
12–84% of the patients undergoing ACL reconstruction with 
an HT graft [3, 9, 13, 27, 29]. The course of the branch at 
the pes anserinus puts it at substantial risk of damage when 
an incision is made to harvest HTs [12]. The direction in 
which the incision is made has, therefore, been the subject 
of investigation in relation to how the direction might affect 
the risk of iatrogenic IPBSN injury [10, 13, 16, 17, 22, 25, 
28, 30]. However, no consensus has been reached in the 
attempts to determine the most appropriate incision, which 
might be relevant in order to reduce the risks of iatrogenic 
nerve injury and further optimize the outcomes offered by 
ACL reconstruction procedure.

The purpose of this meta-analysis was to identify how 
the incision technique applied to HT harvest in ACL recon-
struction affects the risk of iatrogenic nerve injury and to 
compare the outcome between different types of incision 
technique.

Materials and methods

Search strategy

A meta-analysis was conducted in accordance with the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) guidelines [19]. A systematic search 

of the MEDLINE/Pubmed, Cochrane Central Register of 
Controlled Trials (CENTRAL) and EBSCOhost electronic 
databases and clinicaltrials.gov for unpublished studies was 
performed in February 2017.

The search string was built as follows: “ACL” OR “Ante-
rior Cruciate Ligament” combined through the Boolean 
operator AND with “saphenous” OR “infrapatellar”. The 
electronic database search was supplemented by a manual 
search of the reference lists of included articles and the 
ePublication lists of the following leading orthopedic and 
sports medicine journals: American Journal of Sports Med-
icine, British Journal of Sports Medicine, Knee Surgery 
Sports Traumatology Arthroscopy, Arthroscopy Journal, 
Journal of Bone and Joint Surgery American and British 
versions, International Orthopaedics and The Knee.

Article selection

The eligibility of searched articles was assessed on the 
basis of prespecified inclusion criteria. Articles published 
in peer-reviewed journals in all languages were considered. 
Only randomized controlled trials (RCTs), quasi-RCTs and 
comparative studies (prospective or retrospective) investi-
gating ACL reconstruction performed with HT autografts 
were included. Studies comparing at least two of vertical, 
oblique or horizontal incision techniques were eligible, if 
additional reporting of the postoperative sensory function 
of the IPBSN existed. All the criteria had to be fulfilled for 
the article to be included. Biomechanical, in-vitro studies, 
review articles, surgical techniques, case reports, letters to 
the editor, editorials and conference abstracts were excluded. 
Two authors independently reviewed the title and abstract of 
each article from the systematic literature search. The full 
text of the article was obtained and evaluated if eligibility 
could not be assessed from the first screening. Any disagree-
ments were resolved via a consensus discussion between 
the two reviewers and the senior author was consulted if the 
disagreement could not be resolved.

Outcome measurements

The outcome measurements were defined as follows: evi-
dence of any neurologic deficit corresponding to injury to 
the IPBSN, area of sensory deficit over the skin area inner-
vated by the IPBSN, the Lysholm score and patient satisfac-
tion based on continuous scales.

Data extraction and synthesis

An electronic piloted form for data extraction was created 
prior to the study. Patient demographic details including 
gender, age at surgery and concomitant meniscal injuries 
were extracted. Details of study design such as level of 
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evidence, exclusion criteria, type of randomization, tech-
nique for ACL reconstruction, length of the incision, number 
of operating surgeons, rehabilitation protocol and methods 
for evaluating and defining IPBSN damage were collected. 
For the outcome measurements, the number of patients with 
a sensory deficit, the mean surface of any sensory deficit, 
the Lysholm score and patient satisfaction were extracted. 
When multiple follow-up evaluations were performed, only 
the data corresponding to the final follow-up were extracted.

Assessment of risk of bias and quality of evidence

The risk of bias was evaluated according to the standard-
ized Cochrane Database questionnaire [7]. The selection bias 
(random sequence generation and allocation concealment), 
performance bias (blinding of participants and personnel), 
detection bias (blinding of outcome assessment), attrition 
bias (incomplete outcome data), reporting bias (selective 
reporting) and other bias were rated as “high risk”, “low 
risk” and “unclear risk”. Each item for each study was 
reported in a table and a summary table reporting the per-
centage of studies with a specific bias risk was produced. 
The purpose of the assessment of risk of bias was to provide 
a descriptive summary of the main sources of potential bias 
in the included studies. Articles were not excluded on the 
basis of the assessment.

The overall quality of evidence for each outcome was 
graded as “high”, “moderate”, “low” and “very low” accord-
ing to the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) guidelines [2], based on 
study design, risk of bias, inconsistency, indirectness, impre-
cision and publication bias.

Statistical analysis

The meta-analysis was performed using RevMan V.5.0.18.33 
(the Cochrane Collaboration, Copenhagen, Denmark). 
Continuous variables were extracted and analyzed as the 
mean ± standard deviation (SD). If the SD was not reported, 
the corresponding author was contacted and asked to pro-
vide the statistics. In the event of no response, the SD was 
calculated from the available data, according to a validated 
formula [5]. If it was not possible to calculate the SD from 
the available data, the highest SD was used. A first meta-
analysis was performed including only RCTs, and a second 
meta-analysis was performed including all the studies inde-
pendently of study design. The mean difference (MD) and 
95% confidence interval (CI) were calculated for continuous 
variables. The relative risk (RR) and 95% CI, along with the 
Relative Risk Reduction (RRR) and the Number Needed 
to Treat (NNT), were calculated for dichotomous variables. 
We tested for heterogeneity using the Chi-square and Hig-
gins’ I2 tests [6]. Data were pooled using a Mantel–Haenszel 

random-effects model if the statistical heterogeneity was 
> 50% (I2 test); a fixed-effects model was used if the statis-
tical heterogeneity was below 50% [6]. Publication bias was 
investigated with a funnel plot if more than 10 studies were 
available for a specific outcome. A p value of < 0.05 was 
considered statistically significant in all analyses.

Results

Article selection

The initial search resulted in a total of 355 articles (Online 
Appendix 1). After the removal of duplicates, the abstracts 
of 204 papers were screened. Of these, 25 articles were fur-
ther assessed by full-text evaluation which resulted in the 
exclusion of 17 articles due to their not meeting the inclu-
sion criteria, thereby leaving eight articles for inclusion in 
the final meta-analysis. The investigators were unanimous 
during the eligibility assessment of screened articles; thus, 
a consultation with the senior author was not necessary. The 
selection process and reasons for exclusion are summarized 
in Fig. 1.

Study characteristics

Of the eight articles included in this meta-analysis, six 
studies compared vertical and oblique incision, one study 
compared horizontal and vertical incision and one study 
compared all three incisions. The harvest of HTs was per-
formed through a vertical incision in 329 patients, through 
an oblique incision in 195 patients and through a horizon-
tal incision in 151 patients. Seven studies compared patient 
demographics between groups and did not report any signifi-
cant differences in age, gender, meniscal lesion or incision 
length, which varied from 30.7 to 41.0 mm. A random-effect 
meta-analysis of the two RCTs that compared vertical and 
oblique incisions and reported the incision length did not 
reveal any significant difference in incision length (p = 0.25) 
(Fig. 2a). This result was confirmed by the random-effect 
meta-analysis of all the five studies that reported this out-
come (p = 0.36) (Fig. 2b). Two studies compared vertical 
and horizontal incisions, of which one did not report any 
significant differences in incision length and one did not 
provide the data.

The clinical IPBSN deficit was defined as “hypoesthesia”, 
“dysesthesia” or “sensory disturbance”. Evaluations were 
performed using light touch [10, 13, 16], palpation [22], 
pin prick [25] or blunt needle [28]. One study used patient 
self-assessment of the IPBSN injury [17] and one study per-
formed an instrumental evaluation of IPBSN deficit with an 
electrophysiological study of sensory nerve potentials [30] 
(Tables 1, 2, 3).
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Vertical versus oblique incision

Clinical deficit

Three studies [13, 16, 30] did not report significant differ-
ences between the two incisions, three studies [17, 25, 28] 
reported a significantly higher incidence of IPBSN injury 
in the case of vertical incision and one study [10] did not 
perform a statistical analysis that was sufficient in order 
to draw conclusions. When a fixed-effect meta-analysis of 
the three RCTs was performed, a significant RR of 2.39 
(p < 0.0001) was reported when a vertical incision was 
performed (Fig. 3a), corresponding to an NNT of 4. This 
trend was confirmed by the random-effect meta-analysis, 

of all included studies (RR = 1.65, p = 0.02; NNT = 5) 
(Fig. 3b).

Area of sensory deficit

Three studies [17, 25, 28] (including one RCT) reported a 
significantly wider area of neurologic deficit in the case of 
vertical incision, while one study [13] did not report any 
significant differences. Since only one RCT reported this 
outcome, a meta-analysis of RCTs was not performed. How-
ever, when the random-effect meta-analysis of all studies 
was performed, a significant MD of 22.91 cm2 (p = 0.04) 
(Fig. 3c) was reported, with a greater area of sensory deficit 
in the vertical incision group.

Fig. 1   PRISMA flow chart of study selection
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Lysholm score

Two studies evaluated the Lysholm score and did not find 
any significant difference depending on the incision [13, 
30]. Since only one RCT reported this outcome, a meta-
analysis was not performed for RCTs. However, when a 
fixed-effect meta-analysis was performed including both 
studies, a non-significant MD of 0.13 points was found 
(ns) (Fig. 4a).

Patient satisfaction

Two studies, both RCTs, conclusively reported no significant 
difference in subjective satisfaction based on the incision 
[25, 30]. When a fixed-effect meta-analysis was performed, 
a non-significant MD of 0.13 points was found (p = 0.94) 
(Fig. 4b).

Vertical vs horizontal incision

Clinical deficit

Clinical neurologic deficit was evaluated in two studies, both 
of which reported a significantly higher incidence of IPBSN 
injury with vertical incision [22, 25]. Since only one RCT 
reported this outcome, a meta-analysis of RCTs was not per-
formed. However, when a fixed-effect meta-analysis of the 

comparative studies was performed, a significant RR of 2.45 
(p < 0.0001) was reported in the event of vertical incision 
(Fig. 5), corresponding to an NNT of 4.

Area of sensory deficit

One study evaluated the area of neurologic deficit and found 
that a vertical incision was associated with a greater area of 
deficit [25].

Satisfaction

No significant difference in terms of subjective satisfaction 
was reported by the only study that evaluated this [25].

Oblique vs horizontal incision

One study compared the outcomes after oblique or horizon-
tal incision [25]. However, no significant differences regard-
ing clinical deficit, area of deficit or patient satisfaction were 
found.

Risk of bias assessment

Of the eight studies included in this meta-analysis, three 
were RCTs, three were prospective comparative studies and 

Fig. 2   The random-effect meta-analysis of incision length revealed a non-significant mean difference (MD) between vertical and oblique inci-
sions, both when only randomized controlled trials were considered (a) and when including all studies (b)
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two were retrospective comparative studies. All the studies 
presented some “high risk” or “unclear risk” of bias (Figs. 6, 
7).

The assessors were generally not blinded to patient 
condition due to the lack of surgical incision concealment 
with the inevitable increased risk of selection and detec-
tion bias. Only one study specified that the assessor of the 
outcome was not involved in surgery. Patients were not 
blinded to their condition, but it is likely that their knowl-
edge of a given incision would not have been able to influ-
ence the subjective outcomes since no placebo treatment 
had been administered. The performance bias was, there-
fore, regarded as “low risk” in most of the studies. Since 
no patients were lost to follow-up, no studies presented a 
high risk of attrition bias. Considering this bias, the lack of 
randomization of several studies and the high heterogene-
ity, the overall quality of evidence was rated as “low” to 
“moderate” (Figs. 8, 9).

Discussion

The most important finding of the present study was that 
the implementation of a vertical incision technique to har-
vest HTs in ACL reconstruction significantly increased the 
risk of iatrogenic injury to the IPBSN compared with both 

oblique and horizontal techniques. The relationship between 
clinical outcome and incision technique has been modestly 
investigated in literature, but the direction of the incision 
does not appear to impact the clinical or patient-reported 
outcome.

This study comprised eight studies comparing verti-
cal incision with oblique, vertical with horizontal, or all 
three techniques (Fig. 10). The studies were homogeneous 
with regard to patient demographics such as age, gender 
and the presence of combined meniscal lesion. In terms of 
surgical variables, the length of the incision did not differ 
between groups and a cortical fixation was used in 75% of 
the studies [17, 25, 28, 30]. The risk of an iatrogenic injury 
to the IPBSN due to tendon harvest was almost double-fold 
increased when a vertical incision was performed rather than 
an oblique incision and it was consequently estimated that 
this injury could have been avoided in one of four patients 
by implementing an oblique incision rather than a vertical 
one. Moreover, a significantly larger area of sensory deficit 
was found when using a vertical approach. The vertical inci-
sion was also associated with a significantly increased risk 
of IPBSN injury and a larger area of sensory deficit when 
compared with a horizontal incision, although this was more 
sparsely investigated. No differences in terms of deficits 
related to IPBSN injury were reported between horizontal 
and oblique incisions [25].

Table 2   Patient characteristics in included studies

M male, F female, diff difference, ns not significant, NA not assessed

Study Year No. of patients Gender Age Menis-
cal 
injuries

Demog. diff. Follow-up Incision length 
(mm)

Incision diff.

Papastergiou 
et al.

2006 Vertical: 116 92M, 24F 24.5 ± 5.0 NA ns 12 months NA NA
Horizontal: 114 97M, 17F 25.5 ± 5.5 NA

Kaczmarczyk 
et al.

2007 Vertical: 35 NA NA NA NA 2 months NA NA
Oblique: 17 NA NA NA

Luo et al. 2007 Vertical: 35 NA 24.4 ± 6.2 NA ns 14.5 ± 4.7 
months

34 ± 9 ns

Oblique: 25 NA 26.3 ± 8.7 33 ± 8
Kjaegaard et al. 2008 Vertical: 25 11M, 14F 30.4 ± 2.0 NA ns 12 days 29.9 ± 19.9 ns

Oblique: 25 12M, 13F 29.8 ± 2.2 12 months 40 ± 6,6
Sabat and Kumar 2013 Vertical: 38 35M, 3F 30.6 ± 9.4 NA ns 6 months 41 ± 4 NA

Horizontal: 37 35M, 2F 31.5 ± 9.1 38 ± 6
Oblique: 37 34M, 3F 32.4 ± 8.7 40 ± 6,6

Tavakoli Dar-
estani et al.

2013 Vertical: 30 21M, 9F 28.5 ± 6.5 14 ns 12 months NA NA
Oblique: 30 23M, 7F 29.6 ± 6.1 11 NA

Leite et al. 2016 Vertical: 14 NA NA NA ns 12 months 31.1 (30–35) ns
Oblique: 19 NA NA NA 30.7 (30–34)

Sipahioglu et al. 2017 Vertical: 36 32M, 4F 31.6 ± 8.4 NA ns 6 weeks 41 ± 6 ns
Oblique: 42 40M, 42F 30.4 ± 7.5 NA 3, 6 months 38 ± 8
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Interestingly, no correlation between the presence of 
injury to the IPBSN and clinical outcome as reported by 
Lysholm was found and patient satisfaction was not affected 
either. This suggests that the present methods for harvest-
ing HTs might actually be clinically equivalent. However, 
it is important to remember that the patient-reported out-
come was investigated in a minority of the studies [13, 30], 
which somewhat limits the certainty of these results and 
may underestimate the correlation between the nerve injury 

and clinical parameters. There might also be an intrinsic 
insufficiency in detecting concerns related to neurologic 
injury since the Lysholm questionnaire, which was applied 
for clinical evaluation in the studies, does not comprise 
questions specifically related to neurologic symptoms. 
Nevertheless, given the fact that this meta-analysis high-
lights a considerably increased risk of IPBSN injury when 
a vertical incision technique is used and that the choice of 
one incision over another does not imply any particular 

Fig. 3   a The random-effect meta-analysis of clinical deficit of the 
infra-patellar branch of the saphenous nerve (IPBSN) revealed a sig-
nificantly increased risk ratio (RR) for vertical incision compared 
with oblique incision in the randomized controlled trials. b The RR 

for IPBSN injury was increased for vertical incision when meta-anal-
ysis of all studies was performed. c The random-effect meta-analysis 
of the area of deficit revealed a MD in favor of vertical incision
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costs or difficulties, we suggest that thorough consideration 
should be taken before performing a vertical incision and 
that the surgeon should consider other alternatives. Since 
the implementation of either a horizontal or an oblique 
incision did not affect the risk of IPBSN injury, the choice 
between the two remains mainly dependent on the sur-
geon’s preference. However, the oblique incision is favored 
because it potentially combines the benefits of both verti-
cal and horizontal incisions by enabling correct exposure 
of the tendons, permits the localization of an appropriate 
starting point for tibial tunnel drilling [13, 18] and partly 
manages to avoid the contact area in the anterior aspect of 
the leg. Other aspects that should be considered in order 
to minimize the risk of nerve injury involve correct knee 

positioning, a small skin incision and careful wound suture 
[20–22, 24].

The present meta-analysis has some limitations that 
warrant consideration. First, only three RCTs could be 
included [16, 25, 30]. These RCTs were, however, limited 
by factors such as an imprecise description of methods for 
randomization and concealment, with the possible effect 
of introducing bias. On the other hand, the blinding of the 
incision would not have been possible in the clinical set-
ting and, although it might introduce a significant source of 
bias among the investigators, it is most likely that patients 
lack any knowledge of the possible effects based on inci-
sion technique when subjectively evaluating the outcome. 
Due to the limited number of RCTs, a pure meta-analysis 

Fig. 4   a The fixed-effect meta-analysis of Lysholm score revealed a non-significant mean difference (MD) between vertical and oblique incision. 
b The random-effect meta-analysis of satisfaction revealed a non-significant mean difference (MD)

Fig. 5   The fixed-effect meta-analysis of clinical deficit of the IPBSN revealed a significant risk ratio (RR) in favor of vertical incision compared 
with horizontal incision
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was performed only on a small number of patients and 
on a subset of outcomes. However, when including also 
the studies with a comparative study design in a mixed-
method meta-analysis, the direction and significance of the 
results for each outcome were not altered. Moreover, the 

meta-analysis of purely RCTs showed a more evident effect 
of vertical incision compared with oblique incision in terms 
of increased risk of a clinically relevant IPSB injury, which 
strengthens the findings. Another limitation was that only 
some of the included studies reported a clear description 
of the surgical treatment and/or evaluation methods. With 
regard to the evaluation of nerve injury and the assess-
ment of outcome, the methods varied significantly among 
studies. A clinical evaluation was commonly performed, 
whereas only one trial performed an electrophysiologi-
cal evaluation to assess IPBSN injury objectively [25]. It 
should be emphasized that the definition and evaluation of 
injury to the IPBSN was highly heterogeneous among the 
included studies, which means that the evidence obtained 
from this meta-analysis should be interpreted with care. 
Because of the heterogenous definitions of hypoesthesia 
and the variable evaluation methods, it is unclear if sensory 
disturbance clinically affects the patient’s outcome. How-
ever, an oblique incision technique minimizes the potential 
risk for an inferior patient satisfaction by decreasing the 
risk of iatrogenic injury to the IPBSN during hamstring 
tendon harvest. This should be taken into account in the 
planning of every procedure using HTs tendons to reduce 
the potential adverse events related and patient discomfort 
related to the surgery.

Conclusion

The risk of iatrogenic injury to the IPBSN during HT har-
vest was significantly greater when a vertical incision was 
performed rather than an oblique or a horizontal incision. 
However, the incision technique did not influence clinical 
outcome or patient satisfaction after ACL reconstruction. 
Care is recommended during the HT harvest procedure 
in order to minimize the risk of iatrogenic injury to the 
IPBSN.

Fig. 6   Risk of bias summary table for each study: red circle, high 
risk; green circle, low risk; yellow circle, unclear risk

Fig. 7   Risk of bias graph evalu-
ating the overall risk of each 
domain
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Fig. 8   Summary of findings table for the comparison between vertical and oblique incision

Fig. 9   Summary of findings table for the comparison between vertical and horizontal incision
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