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Introduction

Anterior cruciate ligament (ACL) is the main struc-
ture that maintains knee stability, and ACL injury is 
a  common clinical disease with arthroscopy as the 
main method of treating ACL injuries. The ACL inju-
ries can produce significant dorsal instability of the 
knee joints, meniscal tear, or articular cartilage de-
generation, leading to knee pain and dysfunction. 

Numerous studies have demonstrated that conser-
vative ACL injury treatment failure rates are as high 
as 50–60%, whereas surgical reconstruction can 
achieve good clinical results in 80–90% of cases [1]. 
Functional studies of knee joint proprioception have 
increased in recent years. In 1984, Schultz first de-
scribed in detail the ACL mechanoreceptors and di-
vided them into four categories: Ruffini corpuscles, 
Pacinian corpuscles, Golgi tendon organs, and free 
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A b s t r a c t

Introduction: Anterior cruciate ligament (ACL) injury always leads to knee pain and dysfunction for which surgical 
reconstruction is recommended, with good clinical results, but decreased postoperative proprioception also tends 
to occur. ACL stump (ACLS)-retaining ACL reconstruction and non-ACLS-retaining ACL reconstruction are the two 
surgical options.
Aim: To investigate the efficacy of retaining the ACLS in allograft reconstruction.
Material and methods: Thirty patients were retrospectively assigned to group A, ACLS-retaining ACL reconstruction; 
and group B, non-ACLS-retaining ACL reconstruction, and their data were analyzed. The knee function (Lysholm score 
and Tegner motion score) and proprioceptive function of the two groups were assessed and compared by postoper-
ative reconstruction angle.
Results: The 30 patients were followed up for a mean 20 months. The mean Lysholm score in group A increased 
from 55.7 ±11.6 points preoperatively to 95.2 ±5.7 points postoperatively; that in group B increased from 56.7 ±11.3 
points preoperatively to 94.6 ±7.2 points postoperatively. The mean Tegner motion score in group A was increased 
from 2.4 ±0.7 points preoperatively to 6.0 ±0.7 points postoperatively; that in group B increased from 2.73 ±0.96 
points preoperatively to 6.24 ±0.48 points postoperatively; the postoperative scores did not differ significantly be-
tween the two groups. The proprioception was better in group A than in group B at 3, 6, and 12 months postopera-
tively (p < 0.05).
Conclusions: ACLS-retaining ACL reconstruction has good efficacy and the retained ACLS can benefit postoperative 
proprioception recovery at an early stage.
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nerve endings. Schutte pointed out that neural com-
ponents form 1–2.5% of the total ACL volume and 
that most are distributed beneath the synovium of 
the bilateral ligament ends [2]. Johansson found that 
the nerves dominating the ACL are the posterolateral 
articular nerves originating from the posterior tibial 
nerve [3]. Knee cruciate ligament repair involves re-
storing the stable structure and kinetic stability as 
well as the proprioception and nerves. Friden mea-
sured the motion perception threshold of 16 patients 
with acute ACL injury in the lateral position, among 
whom 4 exhibited related continuous significant pro-
prioceptive loss in post-injury months 1, 2, and 8 to 
those combining cartilage and meniscus injuries [4]. 
Roberts measured the motion perception threshold 
of 54 patients with ACL injury in their lateral posi-
tion and found that decreased proprioception after 
ACL injury is related to cartilage damage, joint laxity, 
and age [5]. The meta-analysis performed by Relph 
revealed that the knee proprioception of patients 
with ACL injuries is significantly weaker than that of 
non-injured individuals, while the proprioception of 
the injured knee is weaker than that of the non-in-
jured side and the proprioception after repair is bet-
ter than that before [6].

To study the impact of retaining the ACL Stump 
(ACLS) on postoperative knee function and proprio-
ception, this study randomly divided 30 patients into 
2 groups (n = 15). Between the ACLS-retaining group 
(group A), the ACL injury patients whose anterior cru-
ciate ligament of tibial residue was preserved with 
allograft for ACL reconstruction, and the non-ACLS-re-
taining group (group B), the ACL injury patients whose 
anterior cruciate ligament of tibial residue was not 
preserved with allograft for ACL reconstruction, a com-
parison of their treatment efficacies was conducted. 

Aim

The aim of this study was to investigate the ef-
ficacy of retaining the ACLS in ACL allograft recon-
struction.

Material and methods

Case information

A total of 30 patients with ACL injuries who un-
derwent allogeneic tendon fixation using absorbable 
screws (Beijing Yunkang Co.) at Hunan Provincial Peo-
ple’s Hospital between July 2010 and December 2011 

were collected and randomly divided into two groups: 
group A  and group B. In group A  (n = 15; 8 males,  
7 females; mean age, 28.4 years (range: 17–48 years)), 
ACLS-retaining ACL reconstruction was performed to 
correct a left knee injury in 10 patients and right knee 
injury in 5 patients. The main symptoms included 
knee pain, limping, interlocking, knee instability when 
going up and down stairs, or squatting difficulty, the 
mean knee Lysholm score was 58.5 ±12.5 points and 
the mean Tegner score was 2.44 ±0.71 points.

In group B (n = 15; 9 males, 6 females; mean age, 
27.6 years (range: 16–44 years)), non-ACLS-retaining 
ACL reconstruction was performed to correct a  left 
knee injury in 8 patients and a right knee injury in  
7 patients. The mean knee Lysholm score [7] was 
56.7 ±11.3 points, while the mean Tegner score was 
2.73 ±0.96 points. This study was conducted in ac-
cordance with the Declaration of Helsinki. Written 
informed consent was obtained from all participants.

Conventional microscopy

All procedures were completed by the same 
group of physicians. After the induction of epidural 
anesthesia, each patient was inspected for injuries 
to the synovium, cartilage, ligaments, and meniscus 
starting from the anterior patellar bursa with the 
anterolateral approach as the observation approach 
and the anterointerior approach as the operating ap-
proach. Once the ACL injury situation was clear, the 
allogenic tendon was soaked in 500 ml of normal 
saline plus 10 mg of dexamethasone for 30 min. The 
ligament was then prepared into segments 12–15 cm  
long and 8–9 mm in diameter, which were then braid-
ed into one bunch with a 3/0 Vicryl suture. Both ends 
were drilled by 5-0 Ethibond suture to suture the lig-
ament ends in the same way to provide traction with 
60 N of force for 8 min, then the intra-articular syno-
vial and meniscal injuries were cured.

Establishing the tibiofemoral tunnel

The main difference between the two groups was 
the way to treat the anterior cruciate ligament of 
tibial residue. In group A, the ACL femoral end and 
middle injured fiber were eliminated with retention of 
about 1 cm of fiber at the ligament tibial end point; 
in group B, all of the fibrous tissue of the ACL was 
removed. The footprint positioning method was then 
used (55° angle; ACL Locator; Smith-Nephew Co.) with 
the tunnel entrance setting at the center of the orig-
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inal ACL tibial stump, the guide arm being parallel to 
the tibial plateau and the guide pin being parallel to 
the direction of the original ACL fibers. Special atten-
tion should be paid to protecting the ligament edge 
stump tissue to avoid damaging the femoral condyle. 
According to the graft diameter, one tibial tunnel drill 
of the same size was used to expand the tibial tunnel 
along the guide pin (retaining the cancellous bone on 
the drill); after the tunnel was established, the sharp 
edges of the tunnel were removed using one curette. 
One femoral guider (ligament diameter/2 + 2 mm in 
size) was then implanted via the anteromedial ap-
proach, positioned at the intercondylar fossa (10:30 
[right knee)/1:30 [left knee]), and fixed to the posteri-
or wall of the femoral condyle to ensure the integrity 
of the posterior bone cortex of the femoral intercon-
dylar fossa. The guide needle was then drilled in and 
pierced out of the skin; another femoral drill with the 
same diameter as the ligament was used to prepare 
the femoral tunnel about 3–3.5 cm in length with the 
femoral guide retained inside the tunnel. The sharp 
edges of the tunnel were removed using one curette.

Ligament installation

The ligament allograft was induced into the joint 
cavity via the tibial tunnel, the reconstructed ligament 
was connected with the anterior cruciate ligament of 
tibial residue in the middle without any impact in the 
active joint cavity followed by flexing of the knee to 
120°, insertion of the guide needle of the absorbable 
interface screws via the anteromedial approach, inser-
tion of absorbable interface screws of the same diam-
eter (Smith & Nephew), and fixing of the femoral side 
of the ligament allograft. The tibial traction line was 
then tractioned to flex the knee 20 times to adjust 
the ligament tension. Thereafter, absorbable interface 
screws (Smith & Nephew) were used to fix the tibi-
al side of the graft under tension to maintain 30° of 
knee flexion. After the surgery, elastic bandages were 
wrapped from the heel to the mid-thigh together with 
a movable brace to maintain the extended position.

Postoperative treatment

All patients underwent postoperative preventive 
anti-immune therapy, namely dexamethasone 20 mg  
+ 100 ml of saline intravenous glucose tolerance test 
(ivGTT) on postoperative days 1 and 2, dexameth-
asone 10 mg + 100 ml of saline ivGTT on postop-
erative days 3 and 4, and dexamethasone 5 mg + 

100 ml of saline ivGTT + 20 mg tripterygium glyco-
side tablets tid on postoperative day 5, and 20 mg 
tripterygium glycoside tablets tid starting on post-
operative day 6 for 3 months. Cefuroxime 2 g ivGTT 
was used 30 min before surgery, and cefuroxime 2 g 
q8h was also applied after surgery to prevent infec-
tion. Quadriceps exercises and ankle pump exercises 
were started in the early postoperative stage to exer-
cise the isometric contraction of the quadriceps and 
gastrocnemius under movable brace protection. The 
brace angle was adjusted to 30° 3 days after surgery 
and gradually increased until 90° was achieved with-
in 2 weeks and 120° was achieved within 6 weeks, 
followed by 3-month brace protection. Non-weight-
bearing walking with crutches was allowed 5 weeks 
after surgery and full-weight-bearing ambulation 
was allowed 12 weeks later. Jogging and non-con-
frontational training were allowed 6 months later, 
while sports were allowed 1 year after surgery.

Follow-up and evaluation

All patients were followed up for a mean 20 months 
(range: 16–24 months). X-ray images of the normal 
and lateral sides of the knee taken before and im-
mediately after surgery were compared to monitor 
for graft fixation failure, bone tunnel enlargement, 
intercondylar fossa impingement, or knee instabili-
ty. The results of the anterior drawer test, Lachman 
signs, and knee Lysholm and Tegner scores before 
versus after surgery were compared to evaluate the 
function of the diseased limb.

All patients were followed up at months 3, 6, and 
12, and the angle reconstruction method was used 
to measure the differences between the reconstruct-
ed and preset angles with knee flexion at 0°, 30°, 
and 45°, respectively. The knee of each patient was 
passively set at 0°, 30°, and 45°, respectively, using 
a  continuous passive motion machine; after 5 s, it 
was set at the maximum extension position and the 
patient was given 15 s to reproduce the preset angle 
to obtain the difference between the reconstructed 
and preset angles. The mean of 5 measurements was 
used to represent the position sense of the knee joint.

Statistical analysis

SPSS 18.0 statistical software was used for the 
analyses, and Lysholm scores, Tegner scores, and 
angle reconstruction methods before versus after 
ligament reconstruction were compared using the 
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paired t test with the test level set at a = 0.05 and 
values of p < 0.05 considered statistically significant.

Results

All of the patients returned to the hospital for 
a mean follow-up time of 20 months (range: 16–24 
months); X-ray and MRI images were taken of the 
normal and lateral knee sides and the results re-
vealed that the graft was firmly fixed, the bone tun-
nel did not expand, no intercondylar fossa impinge-
ment was found, no cyclopia had formed, and the 
symptoms of knee instability had disappeared.

The mean post-operative Lysholm score (Table I) 
and Tegner motor function score (Table II) were high-
er than the preoperative score. The intergroup com-
parison of angle reconstruction method at 3 months 
and 6 months showed a  significant difference but 
not at 12 months (Table III).

Discussion
Efficacy of ligament allograft for 
reconstructing ACL

This method can avoid complications of ligament 
autografts such as patellar fracture, patellar tendon 
rupture, anterior knee pain, and quadriceps weak-

ness or saphenous nerve injury after the knee ex-
tensor is damaged; in particular, it increases the ad-
vantages of medial knee instability when combined 
with medial knee instability. Sun et al. [7] performed 
a mean 42.2-month follow-up to test the functions, 
subjective evaluation, and motion levels between 
patients who underwent autologous hamstring al-
lografting for ACL reconstruction and those who 
underwent ligament allografting and found no sta-
tistically significant intergroup difference. This study 
used ligament allografts to reconstruct the ACL, and 
the postoperative follow-up revealed that the pa-
tients’ knee instability had disappeared, the anteri-
or drawer test and Lachman test results improved 
significantly, and the Lysholm and Tegner scores 
improved significantly, proving that the treatment 
is effective. The 20-month follow-up (range: 16–24 
months) achieved a 100% excellent rate, consistent 
with previous reports. One patient in this study ex-
hibited a yellow thin exudate outside the mouth of 
the tibial tunnel 3 days after surgery with the float-
ing patella test (±), knee swelling, and local knee 
skin temperature increased compared to the contra-
lateral limb, but the bloodwork was still within the 
normal range. The C-reactive protein level and eryth-
rocyte sedimentation rate, considered signs of al-

Table I. Lysholm scores

Variable Group A (n = 15) Group B (n = 15)

Before surgery 55.7 ±11.6 56.7 ±11.3

20 months after surgery 95.2 ±5.7 94.6 ±7.2

t = –13.6, p < 0.05 t = –15.2, p < 0.05

Table II. Tegner motion scores

Variable Group A (n = 15) Group B (n = 15)

Before surgery 2.4 ±0.7 2.73 ±0.96

20 months after surgery 6.0 ±0.7 6.24 ±0.48

t = –26.8, p < 0.05 t = –22.1, p < 0.05

Table III. Results of angle reconstruction method

Group N 3 months after surgery 6 months after surgery 12 months after surgery

45° 30° 0° 45° 30° 0° 45° 30° 0°

A 15 3.52 ±0.72 3.43 ±0.85 2.13 ±0.49 3.01 ±0.91 2.47 ±0.66 2.06 ±0.74 2.84 ±0.63 2.55 ±0.51 2.02 ±0.48

B 15 6.78 ±1.35 5.84 ±1.23 3.52 ±0.88 4.98 ±1.46 4.87 ±1.02 3.27 ±0.92 4.52 ±0.77 4.26 ±0.65 3.15 ±0.68

P-value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
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lograft tissue rejection (not excluded infection), were 
slightly increased. This patient was strengthened 
by re-dressing; we adequately drained the exudate 
from the tibial tunnel mouth by removing the stitch-
es and prolonged the injection time of dexametha-
sone. On postoperative day 7, no significant exudate 
was visible from the wound, and this patient was 
withdrawn from the dexamethasone injections but 
administered tripterygium glycosides 20 mg tid to 
confront the rejection. This patient exhibited good 
wound healing. Cryopreservation effectively reduces 
the antigenicity of allogenic ligaments, so the tissue 
rejection rate is rarely low; meanwhile, we applied 
dexamethasone injection and tripterygium glyco-
sides routinely after surgery to confront the rejection 
and found no cases of serious rejection reactions.

ACLS-retaining ACL reconstruction

ACLS-retaining

During ACL reconstruction surgery, cleaning the 
stump can guarantee a good surgical field that is am-
ple and conducive to graft positioning and fixation; 
meanwhile, the procedure itself is relatively simple 
and can avoid intercondylar fossa impingement, en-
sure the femoral tunnel position and posterior wall 
thickness precision, and reduce the incidence of cy-
clopia. However, clearing ACLS is not conducive to 
reconstructing the graft’s blood supply, and clearing 
the original ligament’s mechanoreceptors negatively 
impacts knee stability and neuromuscular reflexes. 
Clinically, ACL injury sites are mainly located near the 
femoral end, so ACLS at the tibial end point is rela-
tively more complete, forming a solid foundation to 
preserve the ACL tibial stump. 

After ACL reconstruction, the graft has no blood 
supply, so necrosis and revascularization will likely 
occur. Blood supply reconstruction mainly relies on 
the ingrowing of blood vessels from the surround-
ing synovium and fat pad, so careful handling of the 
fat pad is needed to facilitate graft vascularization. 
Gohil et al. [8] cleaned the intercondylar fossa of 
the 25 of 49 patients who underwent ACL recon-
struction and retained the ACLS in 24 patients. The 
MRI performed 2, 6, and 12 months later revealed 
that revascularization in the ACL reconstruction 
grafts with a  fiber stump was established earlier 
than in those without. Is ACL reconstruction with 
tibial stump retaining more prone to lead to inac-
curate bone tunnel positioning and intercondylar 

fossa impingement syndrome? Wang et al. found [9]  
45 cases of cyclopia, among which the removed  
fibrous nodules exhibited disordered fibrous con-
nective tissue under the microscope. Partial samples 
contained cartilage-like tissue, so cyclopia is formed 
by the calcification of deposited para-tunnel cartilage 
and smashed bone. However, Cha et al. [10] com-
pared the incidence of cyclopia between stump-re-
taining ACL reconstruction and non-stump-retaining 
ACL reconstruction by MRI, found that they were 
similar, and concluded that cyclopia is not related to 
ACLS retention. Gohil et al. [11] found that cyclopia 
usually appeared 6–12 months after ACL reconstruc-
tion. The incidence of cyclopia between stump-re-
taining and non-stump-retaining ACL reconstruc-
tion did not differ significantly, with a  mean rate 
of 46.8%; retaining the stump does not lead to an 
increased risk of cyclopia. Lee et al. [12] considered 
that the retained stump covered the tunnel exit, so 
the bone chips within the tibial tunnel cannot be ex-
posed to the joint cavity, so it can reduce bone for-
mation in front of the graft and reduce cyclopia. In 
the ACLS-retaining group, the tibial end of the ACL 
was retained about 10 mm, and the femoral tunnel 
was located by the anteromedial approach using 
the femoral offset guide. When drilling the femoral 
tunnel, care should be taken that the residual tibial 
end of the ACL is not entangled on the drill bit. In 
group A, the reconstructed ligament tissue pene-
trated from the center of the residual tibial end, and 
PDS II suture was used to avoid the sagging of the 
end. In group B, the residual tibial end of the anterior 
cruciate ligament was completely removed. No im-
pact of the intercondylar fossa or cyclopia was found 
in the two groups during a  20-month follow-up 
(16–24 months). The post-operative Lysholm score 
and Tegner motor function score of the two groups 
were better than the pre-operative scores. Anterior 
cruciate ligament reconstruction with allograft can 
achieve good postoperative stability and satisfactory 
motor function recovery.

Proprioception of ACL

The ACL has become a  hot topic for acting as 
the nerve organ that is involved in and constitutes 
knee proprioception. ACL mechanoreceptors are di-
vided into four categories, account for 1–2.5% of the 
total ACL volume, are mainly distributed inside the 
synovium of bilateral ligaments, and are dominated 
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by the posterior tibial nerve. In 1994, Denti et al. [13] 
studied the changes of mechanoreceptors after ACL 
injury and found under no special treatment, the 
mechanoreceptors 3 months after ACL injury are ba-
sically normal but their quantity is slightly reduced; 
9 months later, only a  small amount of free nerve 
endings are left; 1 year later, all of the mechanore-
ceptors have disappeared. Dhillon et al. [14] found 
via histological observation that the longer the ACL 
injury time is, the more serious is the degeneration 
of stump mechanoreceptors and proprioceptors. 
Statistically significant differences have been found 
between injury time and injury degree of the me-
chanical sensory fibers; it is believed that ACLS re-
tention can potentially benefit the postoperative re-
covery of proprioception. Georgoulis et al. [15] found 
the existence of mechanoreceptors attaching to the 
posterior ACL stump 3 years after injury. Relph found 
via a meta-analysis that the knee proprioception of 
patients with an ACL injury is significantly weaker 
than that in non-injured individuals, the propriocep-
tion of the injured knee is weaker than that of the 
non-injured side, and the proprioception is better 
after than before surgery [6]. Authors found that 
ACL reconstruction with stump retention can con-
tribute to knee function and proprioception recov-
ery and exhibit certain protective effects toward the 
reconstructed ligaments [16]. Lee et al. performed 
ACLS-retaining ACL reconstruction in 16 patients fol-
lowed for a mean of 35.1 months and found better 
proprioception than that of non-ACLS-retaining ACL 
reconstruction [12]. More doctors have performed 
related studies, and their follow-up data also proved 
that retaining the stump can certainly contribute to 
postoperative proprioception recovery [14, 17, 18]. 
Merter used the Cybex apparatus to measure and 
compare the proprioception after allogeneic and au-
tologous ACL reconstruction, and the results showed 
no difference in postoperative proprioception [19]. 
Noh covered the graft surface with the retained ACL 
stump, which finally improved the healing speed of 
the graft, increased its strength, and improved knee 
joint proprioception [20]. In this study, the angle re-
construction method revealed a  significant differ-
ence at 3 months and 6 months but no difference was 
found at 12 months, which meant that in group A,  
the proprioception of ACL was better than in group B.  
The reason may be that there were a large number 
of mechanoreceptors in the residual tibial end of the 
anterior cruciate ligament, which was related to the 

proprioception of the knee joint. The preservation 
of the tibial end retains part of the anterior cruciate 
ligament, which is beneficial to the recovery of the 
proprioceptive function of the knee joint in the early 
stage. However, there is no significant difference be-
tween the two groups after 12 months. The reason 
may be partial inactivation of mechanical receptors 
and compensation of proprioceptive functions from 
other parts of the knee joint.

Conclusions

This study retained the ACL stump in cases of 
allogenic ACL reconstruction, and our results re-
vealed that the postoperative function scores were 
improved after compared to before, as described in 
previous reports, which may be related to the fact 
that the retained stump can benefit from the vas-
cular ingrowth of the graft and promote autologous 
ligament reconstruction. Furthermore, retaining the 
stump can reduce the loss of nerve receptors, thus 
helping restore the proprioception and better restore 
knee motion and sensory function. Thus, ACLS-re-
taining ACL reconstruction can achieve satisfactory 
clinical results at the early stage.
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