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Knee hypoesthesia after anterior cruciate 

ligament reconstruction (ACLR) is a common com- 
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plication of injury to the infrapatellar branch of the 

saphenous nerve (IPBSN). The saphenous nerve is 

the longest branch of the femoral nerve and con-

tains pure sensory fibers. After exiting the adductor 

canal, it passes behind the sartorius muscle, travels 

along the anterior of the gracilis tendon on the 

posteromedial side of the joint, and divides into the 

infrapatellar and sartorial branches(1). The infrapa-

tellar branch innervates the skin over the anterome-

dial aspect of the knee and anteroinferior knee joint 

Purpose: To study the short-term outcomes of anterior cruciate ligament reconstruction (ACLR) with 

hamstring grafts by comparing the risk of injury to the infrapatellar branch of the saphenous nerve 

(IPBSN) in terms of the incidence of knee hypoesthesia using 30°, 45°, and 60° oblique incisions. 

Methods: We conducted a randomized controlled trial among patients who underwent ACLR with 

hamstring grafts in our hospital between December 1, 2020 and December 31, 2021. We randomly 

allocated 111 patients to three groups of 37 patients each, and each group underwent either a 30°, 45°, 

or 60° oblique incision for hamstring graft harvesting. When incisions were being performed, the age, 

sex, body mass index, diagnosis, incision length, and operating time were recorded. The incidence and 

area of knee hypoesthesia were evaluated at 1-, 3-, and 6- month follow-ups. 
Results: Demographic and surgical data were similar in all three groups. The incidence of knee 

hypoesthesia was significantly lower in the 45°-incision group than that in other groups at 1-, 3-, and 6-

month follow-ups. At the 6-month follow-up, the incidence was 8.1% in the 45° group, 45.9% in the 30° 

group, and 35.1% in the 60° group. The area of sensory loss in the 45° group was significantly smaller 

than that in the other two groups at 3- and 6-month follow-ups. 

Conclusions: Performing a 45° oblique incision reduced the risk of the IPBSN injury after ACLR with 

a hamstring graft more significantly than a 30° or 60° incision. This technique is safe, uncomplicated, 

and efficacious. 
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capsule(2,3). In most cadaveric specimens, a branch 

of the IPBSN was observed to pass between the 

apex of the patella and the tibial tubercle(4). There-

fore, the nerve is susceptible to injury during knee 

surgeries, including sensory disturbances, neuro-

pathic pain, and even painful neuroma(3). The inci-

dence of sensory disturbances after ACLR varies 

between 14.9%–88%(5-7). Cohen et al.(8) reported that 

the overall incidence of patient-reported numbness 

in ACLR for all graft types was 69.8%. Sanders et 

al.(9) reported that 52% of hamstring tendon graft 

recipients experienced knee hypoesthesia. 

The incidence of postoperative knee 

hypoesthesia did not differ significantly between 

the bone-patellar tendon-bone (BPTB) and hams-

tring tendon autografts(10,11). However, more severe 

complications, such as anterior knee pain, kneeling 

pain, and extensive loss of sensation, were associ-

ated with the surgical incisions and techniques 

used during BPTB graft harvesting(12). A large 

surgical incision for the BPTB graft further 

complicates aesthetic outcomes. Although the 

severity of numbness reported by patients that 

underwent ACLR using the allograft technique was 

significantly lower than that of the other two 

techniques(8), the risk of graft failure and joint laxity 

has left allografts controversial( 13) . With hamstring 

tendon autografts, IPBSN injury is common 

because of the proximity of the tendon to the IPBSN 

in the pes anserinus. The high variation in IPBSN 

anatomy makes the nerve more vulnerable, because 

the position and direction of the incision are 

important factors in the IPBSN injury(14). 
Recently, many studies have confirmed 

that an oblique incision for hamstring graft harves-

ting can minimize the risk of the IPBSN injury 

compared with that in vertical and transverse inci-

sions(15-16). Henry et al.(15) reported that in cadaveric 

studies, the risk of IPBSN injury was significantly 

reduced using an oblique incision (27.6%) as 

compared with that from vertical (64.7%) and 

horizontal incisions (50%). To determine the safest 

angle of oblique incision for ACLR with a ham-

string graft, this study proposed 30°, 45°, and 60° 

oblique incisions and compared the risk of the 

IPBSN injury to the incidence of knee hypoesthesia 

among the three groups. 

METHODS 

This study was approved by the medical 

ethics committee of our hospital (No. 5 2 , Nov 24, 

2020). All patients provided informed consent 

before the study. Patients who underwent ACLR in 

our hospital between December 1, 2020 and 

December 31, 2021 were enrolled in the study 

according to the following inclusion criteria: age 

18–60 years with ACL rupture on physical exami-

nation, no history of knee injury or knee surgery on 

the operated side, and no peripheral neuropathy. 

Patients with diabetes, morbid obesity (body mass 

index [BMI] ≥ 40), and multiple ligament injuries 

were excluded. We randomly allocated 111 patients 

(104 males and seven females), aged 18– 54 years 

into three groups (37 patients each) by block 

randomization. All the surgeries were performed 

by the same surgeon. ACLR was performed using 

the single-bundle technique with standard arthro-

scopic instruments. The anterolateral portal was 

used as the viewing portal, and the anteromedial 

portal was used as the instrumentation portal. The 

semitendinosus and gracilis tendons from the 

operated knee were used as 4-stranded hamstring 

tendon grafts and fixed to the femur with Endo 

Button (Smith and Nephew). The tibia was fixed 

using an absorbable interference screw. The tibial 

tunnel was drilled under the same incision for graft 

harvesting, with the guide angle adjusted to 50–55°. 

 The incision for semitendinosus and graci-

lis graft harvesting was made with the knee flexed 

at 90° and the hip externally rotated at 15°. A 

location along the upper border of the tendon in the 

pes anserinus area was identified to perform the 

incision; it was located 3 finger breadths below the 

knee joint line and 2 fingerbreadths medial to the 

tibial tubercle. A sterile goniometer was used to 

measure this angle. The 3 0 °, 4 5 °, and 6 0 ° oblique 

incisions were made in the 30°, 45°, and 60° patient 

groups, respectively, and extended as required.  

  Age, sex, BMI, diagnosis, incision length, 

and operating time were recorded. The occurrence 

of knee hypoesthesia and the area of sensory loss 

were evaluated by a well-trained nurse in the 

outpatient department at the 1 - , 3 - , and 6 -month 

follow-ups. For the sensory evaluation, the area of 

skin numbness was marked using a 1-cm2 transpa-
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rent measurement grid and measured using the 

pin-prick sensation. Other complications, such as 

infection, graft retear, posterior thigh pain, and 

neuropathic pain, were also assessed during 

follow-up. 

Statistical analyses were performed using 

SPSS (version 15.0; IBM Corp., Armonk, NY, USA). 

Data were analyzed using descriptive statistics 

(means, standard deviations [SDs], and percen-

tages). Categorical variables were compared using 

the chi-square test, and continuous variables were 

compared using the Kruskal–Wallis test. P <0.05 

was considered to be statistically significant. The 

sample size was calculated by the N4study pro-

gram. The estimated incidence of knee hypoes-

thesia based on literature data was 69.8% (P control 

= 0.698, P treatment = 0.349, alpha = 0.05, beta = 0.1, 

N = 37). 

 

RESULTS 

Demographic and surgical data were 

comparable among the three groups (Tables 1 and 

2). The incidence of knee hypoesthesia was 

significantly lower in the 45° group than in the 

other groups at 1-, 3-, and 6-month follow-ups 

(Table 3). In the first month, eight patients (21.6%) 

in the 45° group developed knee hypoesthesia, 

whereas the incidence in the 30° and 60° groups 

was 51.4% and 37.8%, respectively (P = 0.030). Three 

months after surgery, two of eight patients in the 

45° group who had previously developed knee 

hypoesthesia recovered from the symptom. There-

fore, the incidence significantly decreased to 16.2%, 

lower than the incidences in the 30° (45.9%) and 60° 

(37.8%) groups (P = 0.020). In 6 months, only three 

patients (8.1%) in the 45° group still presented with 

knee hypoesthesia, whereas the incidences in the 

30° and 60° groups were 45.9% and 35.1%, respect-

tively (P = 0.001) (Table 3). In addition, the area of 

sensory loss in the 45° group was lower than that in 

the other two groups throughout the follow-up 

period. However, the difference was significant at 

3- and 6-month follow-ups. Herein, the presence 

and severity (represented by the area of sensory 

loss) of knee hypoesthesia in all groups declined 

within 6 months (Table 3). 

No complications, including infection, 

graft retear, posterior thigh pain, or neuropathic 

pain, were observed.   

 

 

Table 1 Demographic data. 
 

Demographic data 30° 45° 60° P-value 

Age, years (mean ± SD) 29.7 ± 10.5 26.0 ± 7.2 27.3 ± 6.9 0.472* 

Sex     0.859** 

     Male (%) 35 (94.6%) 34 (91.9%) 35 (94.6%)  

     Female (%) 2 (5.4%) 3 (8.1%) 2 (5.4%)  

BMI (mean ± SD) 23.5 ± 3.7 24.0 ± 2.9 24.4 ± 2.9 0.321* 

* Kruskal–Wallis Test          ** Chi-square 

SD, standard deviation; BMI, body mass index.

 

Table 2 Surgical data. 
 

Surgical data 30° 45° 60° P-value 

Diagnosis    0.156** 

     ACL injury (%) 32 (86.5%) 25 (67.6%) 28 (75.7%)  

     ACL with meniscus injury (%) 5 (13.5%) 12 (32.4%) 9 (24.3%)  

Incision length (cm) (mean ± SD) 2.97 ± 0.29 3.02 ± 0.33 2.95 ± 0.30 0.325* 

Operating time (min) (mean ± SD) 98.3 ± 32.2 87.0 ± 21.0 85.4 ± 29.6 0.264* 

* Kruskal–Wallis Test          ** Chi-square 

ACL, anterior cruciate ligament; SD, standard deviation. 
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Table 3 Results of surgical incisions by group.  
 

Results 30° N=37 45° N=37 60° N=37 P-value 

Number of patients with 

knee hypoesthesia 

(%) 

1 month 19 (51.4%) 8 (21.6%) 14 (37.8%) 0.030** 

3 months 17 (45.9%) 6 (16.2%) 14 (37.8%) 0.020** 

6 months 17 (45.9%) 3 (8.1%) 13 (35.1%) 0.001** 

Area of sensory loss 

(mean ± SD)  

cm2 

1 month 16.6 ± 26.0 9.0 ± 22.6 14.4 ± 25.8 0.061* 

3 months 11.6 ± 19.0 5.8 ± 19.7 10.9 ± 20.8 0.032* 

6 months 8.6 ± 14.0 3.8 ± 16.5 8.4 ± 17.9 0.003* 

* Kruskal–Wallis Test          ** Chi-square 

SD, standard deviation. 
 

DISCUSSION 

The incidence of an IPBSN injury during 

hamstring tendon harvesting is directly related to 

the type of surgical incision(17). Recent cadaveric 

studies have reported that oblique incisions are less 

likely to damage the IPBSN than vertical and 

horizontal incisions because they are more parallel 

to and farther away from the IPBSN(17,18). Horizontal 

incisions are closely associated with sartorial 

branch injuries(6,9,19). Henry et al. reported that the 

incidences of the IPBSN injuries were 64.7%, 50%, 

and 27.6% for vertical, horizontal, and oblique 

incisions, respectively. Meanwhile, Pekala et al. 

reported that the risks of injuries for these groups 

were 51.4%, 22.4%, and 26%, respectively. 

Kerver et al.(3) proposed the concept of a 

safe area for surgical incisions in relation to the 

IPBSN anatomy based on a cadaveric study. How-

ever, the number of cases in the study was limited, 

and the variation in nerve location was high. 

Therefore, safe zones must be used with caution in 

clinical practice. Zhu et al.(20) designed a modified 

oblique incision (MOI) within the safe area 

proposed by Kerver et al. and reported that the 

incidence of knee hypoesthesia at 1 year with the 

MOI was lower than that with a standard oblique 

incision (9.4% vs. 33.3%). Differences were consi-

dered statistically significant. The MOI technique 

moves the surgical incision away from the IPBSN 

and beyond the hamstring tendon. This may result 

in technical difficulties in graft harvesting, and put 

the nerve at risk of a blunt injury during skin 

traction, subcutaneous dissection, or passage of a 

tendon-harvesting device. In our study, an oblique 

incision was made at the pes anserinus using the 

standard technique. Three angles of oblique inci-

sion were studied based on the hypothesis that the 

angle of the incision affects the distance between 

the incision and the nerve(15). The incision made 

with the appropriate angle protected the nerve 

from injury. Our study demonstrated that the 

incidence of knee hypoesthesia at 6 months after 

surgery with an oblique 45° incision was significan-

tly lower (8.1%) than that with 30° and 60° oblique 

incisions.  

Blunt nerve injury has been reported 

during graft harvesting procedures; however, its 

occurrence appears to be lower compared to nerve 

injuries caused by incisions(19). Injury was caused 

mainly by tendon harvesting devices, and affected 

the sartorial branch, resulting in a sensory loss in 

the medial and distal tibial ridges and the antero-

medial region of the knee joint. Previous studies 

have suggested that when the knee is flexed at 90° 

with the hip externally rotated, the saphenous 

nerve moves backward and away from the site of 

the procedure(21). Therefore, this study used this 

technique to avoid nerve damage during incision 

and graft harvesting. Additionally, the incision 

length may be related to the risk of IPBSN injury. A 

previous cadaveric study found that the distances 

between various types of incisions and nerves 

varied from 8.2–8.7 mm.(15), which was a relatively 

low variance. Therefore, the incision length should 

be minimized as much as possible without exces-

sive stretching during graft access. In this study, 

incision lengths in 30°, 45°, and 60° groups were 

2.97 ± 0.29, 3.02 ± 0.33, and 2.95 ± 0.30 cm, respect-

tively. There were no significant differences bet-

ween the groups. The average length of incision in 

this study was similar to that of the other study 

(2.3–3.9 cm)(20). 
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This study had some limitations. Nerve 

injury may occur during procedures other than 

surgical incisions, such as graft harvesting, portal 

placement, tibial tunnel drilling, skin traction, and 

subcutaneous dissection(21). These confounding 

factors could not be controlled during surgery; 

therefore, to minimize them, the same surgeon 

performed grafts on all the patients in this study. 

Another limitation of this study is the method used 

to assess the extent of sensory loss. Sensory 

evaluation by pinprick sensation relies on the 

patient’s perception and the intensity of pressure 

that the assessor applies during the assessment; 

therefore, it seems unreliable compared with 

electrophysiological studies. A transparent mea-

surement grid is also not an ideal tool to measure 

the area of abnormal sensation, as reading and 

systematic errors during measurements can easily 

cause data discrepancies. However, this tool was 

used as it is convenient for use in clinical practice. 

Relevant to clinical applications of the study, the 

patients’ BMI in the study ranged from 20–26, and 

therefore this landmark would not be reproducible 

in patients of extreme size. A surgeon in the 

outpatient department evaluated function and 

range of motion, but the outcomes were not 

analyzed. However, all the patients returned to 

normal activity within 6 months. 

 

CONCLUSIONS 

An oblique 45° incision could lower the risk 

of an IPBSN injury after ACLR with a hamstring 

graft compared with that by 30° and 60° incisions, 

which was evident in both the incidence and area 

of knee hypoesthesia at 1, 3, and 6 months after 

surgery. Despite some limitations, this technique is 

safe, uncomplicated, and effective for clinical 

application. 
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