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Abstract

Purpose The purpose of this study was to compare the

outcomes of arthroscopic transtibial single-bundle posterior

cruciate ligament reconstruction using autologous patellar

tendon and hamstring tendon grafts.

Methods From 1998 to 2007, 59 patients with symptomatic

isolated posterior cruciate ligament injury were included in

this retrospective study. Twenty-five knees were recon-

structed using bone-patellar tendon-bone graft, and 34 knees

were reconstructed using hamstring graft. In both groups,

surgical techniques were similar, except material of fixation

screws. Patients were evaluated pre-operatively and post-

operatively at the latest follow-up with several parameters,

including symptoms, physical examination, outcome satis-

faction, functional scores, radiography and complications.

Results Average follow-up period was 51.6 months in

patellar tendon group and 51.1 months in hamstring tendon

group. Significantly more kneeling pain (32 vs. 3 %),

squatting pain (24 vs. 3 %), anterior knee pain (36 vs.

3 %), posterior drawer laxity and osteoarthritic change

were shown in patellar tendon group than in hamstring

tendon group post-operatively. No significant differences

were found in other parameters between both groups.

Conclusions Several shortcomings, including anterior

knee pain, squatting pain, kneeling pain and osteoarthritic

change, have to be concerned when using patellar tendon

autograft. In conclusion, hamstring tendon autograft may

be a better choice for transtibial tunnel PCL reconstruction.
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Introduction

Posterior cruciate ligament (PCL) injuries constitute about

1 to 44 % of all acute ligamentous knee injuries [26, 28].

Treatment of PCL injury is still controversial [11, 22].

Some studies have shown that conservative treatment can

achieve good results [4, 16, 29, 31], whereas other studies

have demonstrated that surgical reconstruction leads to

good functional outcomes [6, 13, 15, 17, 27, 34, 35]. Many

reconstruction methods have been described in the litera-

ture [6, 12, 13, 15, 17, 27, 34, 35]. There are some con-

troversies, such as single or double bundles [13, 15, 34,

35], transtibial or tibial inlay technique [6, 15, 17, 27]. One

of the interesting issues is graft selection. Both autograft

and allograft can be chosen. Patellar tendon and hamstring

tendon grafts are frequently used. In the literature, the

maximum strength of hamstring tendon graft is not less

than patellar tendon graft [12]. However, there are some

concerns with the use of patellar tendon graft, including
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anterior knee pain, tenderness over the bony defects and

problems with kneeling. Furthermore, there are risks of

patellar fracture and weakening of the extensor mechanism,

which acts as a synergist to the PCL [12]. Reviewing the

literature, there has been no study focusing on comparison

of using patellar tendon and hamstring tendon grafts in

single-bundle PCL reconstruction with arthroscopic tran-

stibial technique. The purpose of this study was to compare

the outcomes of arthroscopic transtibial single-bundle PCL

reconstruction using autologous patellar tendon and ham-

string tendon grafts. The hypothesis of this study is that

more anterior knee pain and kneeling pain appear with the

use of autologous patellar tendon graft.

Materials and methods

From 1998 to 2007, 59 patients with isolated PCL injury

were included in this retrospective study. This study had

been approved by the ethical committees related to the

institution in which this study was performed. Patients with

combination of meniscal, chondral or other ligamentous

injury were excluded according to physical examination,

magnetic resonance imaging (MRI) and diagnostic

arthroscopy. Inclusion criteria were (1) persistent symp-

toms, such as pain and giving way that bothered the

patients and (2) persistent posterior laxity greater than or

equal to grade two, which were not improved by conser-

vative treatment (medication and physical therapy) for

more than 6 months. Twenty-five knees were reconstructed

using bone-patellar tendon-bone (PT) graft from 1998 to

2002, and 34 knees were reconstructed using hamstring

(HT) graft from 2002 to 2007. All surgeries were carried

out by same surgeon. All grafts were autologous harvested

from ipsilateral knee. In both groups, surgical techniques

were similar, except material of fixation screws. All

patients underwent same rehabilitation protocol after

surgery.

Surgical techniques

The patient was positioned in supine on the operation table.

Under general anesthesia, physical examination of the

injured knee was performed comparing with the noninjured

knee. A tourniquet was applied on the surgical leg, which

was then prepared and draped sterilely. A diagnostic

arthroscopic examination was conducted through the

anterolateral and anteromedial portals to identify PCL

injury and to exclude any meniscal or chondral lesions.

Grafts were harvested and prepared before tunnel crea-

tion. Outside-in method was used for both tibial and femoral

tunnels creation. A posteromedial portal and a

posterolateral portal were created first. Then, a posterior

trans-septal portal was established for assistance of tibial

tunnel preparation [2]. The posterior trans-septal portal

provided an excellent visualization of the PCL tibial

attachment. Thus, the remnant of the original PCL was

easily preserved to be healed with the graft as an integrated

structure. After posterior capsule elevation, the tibial drill

guide was introduced through the anteromedial portal to

guide the creation of tibia tunnel. The entry point of tibial

guide pin was on the anteromedial aspect of proximal tibia

about 1–2 cm distal to tibial tubercle. In PT group, a skin

incision about 1 cm was made to expose the entry point. In

HT group, the entry point was almost exposed in the graft-

harvesting wound. The exit point of tibial guide pin was

about 13–14 mm distal to the medial plateau surface and

inferolateral to the anatomic PCL tibial insertion site visu-

alized in the posteromedial portal. After placing tibial guide

pin appropriately, the tibial tunnel was created using a sized

cannulated reamer.

The femoral drill guide was inserted through the anter-

omedial portal to guide the creation of femoral tunnel. The

entry point of femoral guide pin was on the femoral medial

epicondyle, which was approached via anteromedial aspect

of the distal femur. The exit point of femoral guide pin was

on the center of the footprint of PCL anterolateral bundle

visualized in the anterolateral portal. When knee flexed in

90�, it is usually about 6–8 mm posterior to the margin of

joint cartilage and in the direction of 1 o’clock for right

knee and 11 o’clock for left knee. The femoral tunnel was

then created with a sized cannulated reamer.

A self-made loop was passed from the tibial tunnel

through the knee joint to the femoral tunnel. The traction

sutures of the grafts were attached to the loop, and the

grafts were then pulled into position. The graft in femoral

tunnel was fixed first with an interference screw, which was

of the same size as the tunnel diameter. Then, the graft was

tensioned in 70� of knee flexion followed by an anterior

drawer force applied on the proximal tibia. Under tension,

the graft in tibial tunnel was fixed with an interference

screw with the same diameter of the tunnel. Metal inter-

ference screws (Arthrex, Naples, Florida) were used in PT

group (Fig. 1), while bio-absorbable interference screws

(Linvatec, Largo, Florida) were used in HT group (Fig. 2).

The fixation in each tunnel was further secured by a post-

screw with a washer.

After PCL reconstruction, the graft was visualized with

arthroscopy, and knee stability was tested again. The knee

was then immobilized in a long leg splint with a posterior

tibia support to prevent posterior sagging post-operatively.

The day after operation, a knee brace, instead of long leg

splint, was used and locked in full extension for 3 weeks.

During the first 3 weeks crutches were used with non-

weight bearing, and isometric muscle strengthening
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exercises were performed. In 4–6th week, partial weight

bearing was allowed with the knee in full extension; the

knee brace was unlocked three times daily for progressive

passive range of motion. Active range of motion was

allowed after 6 weeks from surgery. Full range of motion

was expected in 3 months after surgery. After 2nd month,

crutches were discontinued, and strengthening and range of

motion exercises were performed progressively. Once the

patient achieved 120� of knee flexion, close chain exercises

were instituted. Open chain exercises were instructed after

3 months from surgery. Deep squatting was prohibited for

6 months after the surgery. Jogging and light sports were

allowed after 6 months, whereas return to heavy labor or

sports were allowed after 6–9 months after surgery.

Patients were evaluated pre-operatively (pre-op) and

post-operatively (post-op) at the latest follow-up with

several parameters, including symptoms, physical

examination, outcome satisfaction, functional scores,

radiography and complications. Symptoms were composed

of pain, kneeling pain, squatting pain, anterior knee pain,

instability, swelling and weakness. Pain was measured

using visual analogue scale (VAS), while the others were

graded as yes or no. Physical examination consisted of

posterior drawer test, range of motion (ROM), thigh girth

difference and KT1000 (MEDmetric, San Diego, Califor-

nia) side-to-side difference (using quadriceps neutral

angle). Posterior drawer test was graded as grade 0 (no

laxity), grade 1 (laxity \ 5 mm), grade 2 (laxity: 5 *
10 mm) and grade 3 (laxity [ 10 mm) compared with

another knee. Outcome satisfaction included patient’s and

surgeon’s satisfaction, which were graded as poor, fair,

good and excellent. Lysholm scores and international knee

documentation committee (IKDC) were used as functional

scores. Osteoarthritis (OA) was evaluated in radiography.

OA was graded using Ahlbäck classification [1]. Stage I

was defined as at most a slight reduction of the cartilage

height. Stage II was defined as obliteration of the joint

space. Stage III was defined as bone loss of 27 mm mea-

sured along the medial or lateral margins of the joint from a

line perpendicular to the axis of the tibia and tangential to

the unaffected articular surface. Stage IV was defined as

bone loss [7 mm measured along the medial or lateral

margins of the joint from a line perpendicular to the axis of

the tibia and tangential to the unaffected articular surface.

Stage V was defined as bone loss[7 mm with subluxation,

defined as lateral displacement of the tibia by at least

10 mm in relation to the femur. All evaluations except

outcome satisfaction were performed by same author other

than the surgeon. Surgeon’s satisfaction was completed by

the surgeon. The pre-op and post-op results of both groups

were analyzed statistically using Student t test, Mann–

Whitney U test and chi square test for continuous, ordinal

and nominal data, respectively. Significance levels were set

at 0.05.

Results

Demographic data are shown in Table 1. Average age was

26.8 years in PT group and 26.2 years in HT group. In PT

group, 68 % were males and 32 % were females. In HT

group, 79 % were males and 21 % were females. Injury

mechanism included traffic (85 %) and sports injury

(15 %). Average length of time prior to surgery was

9.2 months in PT group and 9.1 months in HT group.

Average follow-up period was 51.6 months in PT group

and 51.1 months in HT group. No differences were found

between both groups statistically.

Pre-op and Post-op results of symptoms are presented in

Table 2. There were no significant differences between

Fig. 1 Metal interference screws were used for bone-patellar tendon-

bone graft fixation

Fig. 2 Bio-absorbable interference screws were used for hamstring

tendon graft fixation
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both groups pre-operatively. Post-operatively, significantly

more kneeling pain (32 vs. 3 %), squatting pain (24 vs.

3 %) and anterior knee pain (36 vs. 3 %) were shown in PT

group than in HT group (P = 0.002, P = 0.013 and

P = 0.001, respectively). No significant differences were

found in pain (VAS), swelling and weakness between both

groups. There was no symptom of instability post-

operatively.

Pre-op and Post-op results of physical examination are

presented in Table 3. There were no significant differences

between both groups pre-operatively. Post-operatively,

posterior drawer test showed significant difference between

both groups (P = 0.011). Sixteen percent of knees in PT

group and 47 % of knees in HT group had no posterior

laxity, whereas 68 % of knees in PT group and 47 % of

knees in HT group presented grade 1 laxity. There were

only 16 % of knees in PT group and 6 % of knees in HT

group having grade 2 laxity. No grade 3 laxity was found in

both groups. No significant differences were found in

ROM, thigh girth difference and KT1000 side-to-side dif-

ference between both groups.

Patient’s and surgeon’s satisfaction were similar in both

groups post-operatively, as shown in Table 4. Eighty-eight

percent of patients in PT group and 97 % of patients in HT

group were satisfied with good or excellent results.

Pre-op and Post-op results of functional scores are pre-

sented in Table 4. There were no significant differences

between both groups pre-operatively. Post-operatively,

average Lysholm scores were 91.9 in PT group and 93.1 in

HT group, which showed no significant difference. Results

of IKDC grading were also not significantly different

between both groups.

Pre-op and Post-op results of radiographic OA change

are presented in Table 4. There were no significant dif-

ferences between both groups pre-operatively. Post-opera-

tively, 64 % of knees in PT group and 38 % of knees in HT

group were found with OA change (stage I, II and III),

which was significantly different (P = 0.033).

No infection, thromboembolism, nerve injury, vascular

injury, fracture or ligamentous injury was found in both

groups post-operatively.

Discussion

Both PT and HT groups in our study achieved good results

in clinical outcome, such as outcome satisfaction and

functional scores. However, there are still some concerns

which are discussed below.

In the literature, there has been no study comparing the

outcomes of isolated PCL reconstruction between using

patellar tendon and hamstring tendon autografts with same

surgical technique (arthroscopic transtibial tunnel) and

anatomy (single bundle). Only few studies have focused on

comparison of the outcome between using patellar tendon

and hamstring tendon autografts in PCL reconstruction

with different surgical techniques and anatomy. Seon et al.

[27] compared the clinical results of PCL reconstruction

using hamstring autograft with transtibial tunnel technique

and patellar tendon autograft with tibial inlay technique.

They demonstrated that no significant differences were

found between both groups which produced relatively good

clinical results. Houe et al. [13] described the results of

PCL reconstruction using either a patella bone-tendon-

bone single-bundle autograft or hamstring double-bundle

autografts. They concluded that both techniques could

improve patients’ activity level and relieve symptoms, but

no differences in outcome between both techniques were

noted. However, in these studies, surgical techniques or

anatomy were different between patellar tendon and ham-

string tendon group. The outcomes might be influenced by

different grafts, different surgical techniques, different

reconstructed anatomy or all. It was difficult to find out

how each parameter affected the outcomes, because there

were so many independent variables. In our study, biases

were reduced by same surgical technique and same

reconstructed anatomy; thus the effect of graft choice in

PCL reconstruction could be ascertained clearly.

Significantly more post-op kneeling pain, squatting pain

and anterior knee pain in PT group were found in our study.

Seon et al. [27] reported one of 21 cases (4.8 %) using

hamstring autograft with transtibial tunnel technique and

four of 22 cases (18.2 %) using patellar tendon autograft

Table 1 Patient demographics

PT HT P value

Number of patients 25 34

Age (years)*

Mean ± SD 26.8 ± 7.9 26.2 ± 6.9 0.775

Range 15–52 16–44

Gender**

Male 17 (68 %) 27 (79 %) 0.320

Female 8 (32 %) 7 (21 %)

Injury mechanism**

Traffic 21 (84 %) 29 (85 %) 0.891

Sports 4 (16 %) 5 (15 %)

Follow-up (months)*

Mean ± SD 51.6 ± 8.7 51.1 ± 7.4 0.788

Range 36–74 36–67

Length of time prior to surgery (months)*

Mean ± SD 9.2 ± 2.4 9.1 ± 2.2 0.894

Range 6–15 6–14

* Student t test, ** Chi square test, SD standard deviation
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with tibial inlay technique had anterior knee pain. Houe

et al. [13] described that two patients had squatting pain,

but they did not mention what grafts were used for these

patients. Contrary to few studies comparing the outcomes

of PCL reconstruction using patellar tendon and hamstring

tendon autografts, many studies have compared the same

issue in anterior cruciate ligament (ACL) reconstruction [7,

8, 23]. More anterior knee pain, squatting pain and

kneeling pain were shown with use of patellar tendon graft

in some of these ACL studies [7, 23]. These are compatible

with the results in our study. In general, anterior knee pain,

squatting pain and kneeling pain are thought as harvest site

morbidities [5, 21]. However, there are some different

opinions. Shelton et al. [30] found that anterior knee pain

was equally common after ACL reconstruction using bone-

patellar tendon-bone autograft and allograft. In other

words, anterior knee pain probably did not result from

harvest site morbidity. The reasons for anterior knee pain

may be quadriceps weakness, loss of motion and inade-

quate rehabilitation [9, 25].

In both groups of our study, post-operative stability

seemed consistent with several PCL studies [6, 15, 27].

Most of knees under posterior drawer test and KT1000

arthrometer examination post-operatively represented less

than grade 2 and smaller than 5 mm laxity, respectively.

While no significant difference was found in KT1000

arthrometer examinations between both groups, there were

significantly more knees with posterior laxity in PT group

than in HT group when doing posterior drawer test. The

statistical differences were the proportions of laxity of each

grade. Most post-operative posterior laxity in PT group

belonged to grade 1 (68 %), while in HT group, propor-

tions of grade 0 and grade 1 were equal (47 %). Although

no significant difference was found in KT1000 arthrometer

examinations between both groups; there was a trend

similar to the outcome of posterior drawer test when the

measured results of KT1000 were transformed from con-

tinuous variables to ordinal variables (grading). In PT

group, most post-operative side-to-side difference (60 %)

belonged to 3 * 5 mm, while in HT group, most

Table 2 Symptoms

* Student t test, ** Chi square

test, SD standard deviation,

X No result (because parameter

is a constant in both groups)

Pre-op Post-op

PT HT PT HT

Pain (VAS)*

Mean ± SD 5.1 ± 0.9 5.5 ± 1.2 1.8 ± 0.8 1.4 ± 1.1

Range 3.5–7.2 3.3–8.1 0–4.2 0–4.5

P value 0.182 0.123

Kneeling pain**

Yes 18 (72 %) 23 (68 %) 8 (32 %) 1 (3 %)

No 7 (28 %) 11 (32 %) 17 (68 %) 33 (97 %)

P value 0.720 0.002

Squatting pain**

Yes 13 (52 %) 19 (56 %) 6 (24 %) 1 (3 %)

No 12 (48 %) 15 (44 %) 19 (76 %) 33 (97 %)

P value 0.767 0.013

Anterior knee pain**

Yes 8 (32 %) 10 (29 %) 9 (36 %) 1 (3 %)

No 17 (68 %) 24 (71 %) 16 (64 %) 33 (97 %)

P value 0.831 0.001

Instability**

Yes 19 (76 %) 25 (74 %) 0 (0 %) 0 (0 %)

No 6 (24 %) 9 (26 %) 25 (100 %) 34 (100 %)

P value 0.829 X

Swelling**

Yes 4 (16 %) 6 (18 %) 0 (0 %) 0 (0 %)

No 21 (84 %) 28 (82 %) 25 (100 %) 34 (100 %)

P value 0.868 X

Weakness**

Yes 6 (24 %) 10 (29 %) 0 (0 %) 1 (3 %)

No 19 (76 %) 24 (71 %) 25 (100 %) 33 (97 %)

P value 0.644 0.387
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post-operative side-to-side difference (56 %) belonged to

1 * 3 mm. Hence, the inference was that PT group might

have increased post-operative posterior laxity comparing

with HT group. Quadriceps strength may be a possible

affecting factor. Li et al. [19] demonstrated that increasing

in quadriceps loading on tibia would decrease posterior

tibial translation, whereas increasing in hamstring loading

on tibia would increase posterior tibial translation. In PT

group, probable quadriceps weakness with normal ham-

string loading may increase posterior tibial translation.

Despite quadriceps strength, hamstring strength may also

influence the stability. In HT group, probable hamstring

weakness with normal quadriceps loading may decrease

posterior tibial translation. Besides, graft fixation methods

may have an effect on the stability. In both femoral and

tibial tunnels, stiffness of hamstring graft fixed with bio-

absorbable screw is greater than stiffness of bone-patellar

tendon-bone graft fixed with metal screw [12]. This means

that more forces are needed to deform the graft in HT

group. More studies in the future with more evidences will

be needed to stand for these.

Osteoarthritic change, which may affect prognosis, is an

important and most concerning issue in PCL injury [14].

Under arthroscopy, Strobel et al. [31] reported that 57.3 %

of patients with isolated PCL injuries had articular cartilage

lesions. The rate of articular degeneration may also

increase with time from injury [4, 29]. Degenerative

changes of PCL injured knees have been reported in

several studies [16, 32, 34]. Wang et al. [33] noted that rate

of OA change is proportional to severity of posterior laxity,

even after PCL reconstruction. Jari et al. and Besier et al.

[3, 14] pointed out that increased contact pressure in knee

could be one of the mechanisms resulting in degeneration.

Some studies indicated that more laxity led to more contact

pressure, therefore, contributing to more knee OA [10, 18,

20, 24]. In this study, the incidence of OA changes showed

significant differences between both groups post-opera-

tively. This could imply a trend of more degeneration using

patellar tendon grafts for PCL reconstruction. However, the

relationship between the choice of graft and the incidence

of OA remained to be seen through a long-term follow-up.

There are several strengths in this study, including same

surgeon, same surgical technique, same reconstructed

anatomy and variation of only graft choice and graft fixa-

tion. The limitations of this study include intermediate-

term, small study population size and retrospective study.

A prospective, randomized controlled study with a larger

population sample, for long-term results, will be conducted

in the future.

Conclusions

For symptomatic patients with isolated PCL injuries,

reconstruction with both patellar tendon and hamstring

tendon autografts can yield good functional outcomes.

Table 3 Physical examination

* Mann–Whitney U test,

** Student t test, SD standard

deviation

Pre-op Post-op

PT HT PT HT

Posterior drawer test*

Grade 0 0 (0 %) 0 (0 %) 4 (16 %) 16 (47 %)

Grade 1 0 (0 %) 0 (0 %) 17 (68 %) 16 (47 %)

Grade 2 3 (12 %) 3 (9 %) 4 (16 %) 2 (6 %)

Grade 3 22 (88 %) 31 (91 %) 0 (0 %) 0 (0 %)

P value 0.692 0.011

ROM (�)**

Mean ± SD 131.8 ± 4.5 129.6 ± 8.3 135.9 ± 4.3 133.5 ± 7.2

Range 125–140 90–140 128–145 100–142

P value 0.206 0.123

Thigh girth difference (mm)**

Mean ± SD 19.1 ± 8.8 20.9 ± 10.1 13.9 ± 6.2 11.6 ± 5.5

Range 5–40 7–45 4–30 5–32

P value 0.461 0.133

KT1000 side-to-side difference (mm)**

Mean ± SD 11.2 ± 1.8 11.1 ± 1.6 2.8 ± 1.6 2.6 ± 1.5

Range 7–14 6–13 1–6.5 1–7.5

P value 0.871 0.599
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Nonetheless, several shortcomings, including anterior knee

pain, squatting pain, kneeling pain and OA change, have to

be concerned when using patellar tendon graft. In conclu-

sion, hamstring tendon autograft may be a better choice for

transtibial tunnel PCL reconstruction.
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