
Abstract This study compared hamstring (HS) and

patellar tendon (PT) anterior cruciate ligament (ACL)

reconstruction in females. Sixty-five patients (43 HS, 22

PT) were evaluated at a mean 3.8-year postoperatively.

Evaluation included IKDC 2000, SF-36, Cincinnati

sports activity scores, anterior knee pain (AKP),

kneeling pain, range of motion and anterior knee lax-

ity. One PT patient sustained a traumatic graft rupture.

There were no differences between the two grafts in

terms of anterior knee laxity or IKDC scores. The HS

group had higher sports activity scores and higher

scores on the Physical Functioning and General Health

subscales of the SF-36. Despite no difference in AKP,

there was greater kneeling pain in the PT patients, who

also had greater extension deficits. Both HS and PT are

satisfactory ACL grafts in females, but HS grafts were

associated with less morbidity, greater return to

preinjury level of activity and higher quality of life

scores.
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Introduction

The most frequently used autografts for anterior cru-

ciate ligament (ACL) reconstruction are the central

third bone-patellar tendon-bone graft and the ham-

string (HS) tendon graft, usually combined semitendi-

nosus and gracilis tendons. Randomised clinical trials

have shown satisfactory and similar functional out-

comes for both graft types [3, 5, 7–10, 14, 19, 23].

However, some of these studies have demonstrated

less morbidity with HS grafts than with patellar tendon

(PT) grafts, particularly with regard to pain on kneel-

ing and extension deficit [5, 8–10].

None of these studies has focused specifically on the

outcome in females. Study populations have included

both males and females, with most studies having a

majority of males. In contrast to the general trend of

the results of the randomised trials, in a study of only

female subjects Barrett et al. [6] reported a higher

failure rate for HS grafts (23%) than for PT grafts

(8%). In addition, the authors reported a reduced rate

of return to preinjury activity levels and increased pain

with HS grafts compared to PT grafts. A more recent

study by Gobbi et al. [12] also found significantly in-

creased anterior knee laxity at 3 years in females with

HS grafts compared to males with HS grafts and fe-

males with PT grafts.

In this study, we examined a cohort of female sub-

jects who had undergone ACL reconstruction by one

surgeon with either a PT or HS tendon autograft be-

tween 2 and 6 years previously.

Patients and methods

From March 1998 to February 2001, 131 skeletally

mature female patients underwent primary ACL

reconstruction by one experienced knee surgeon, using

either autogenous HS or PT grafts. During the 3-year

period in which the procedures were performed the
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grounds for deciding on a particular graft for an indi-

vidual varied, reflecting the lack of evidence to clearly

support one graft at that time. In the community in

which the surgeries were performed there was a high

level of awareness about ACL reconstruction because

of extensive media coverage in relation to professional

sporting injuries. As a result, patients with an ACL

rupture frequently had preconceived ideas about graft

selection prior to attending an orthopaedic surgeon for

consultation regarding their injury. In such situations it

was the treating surgeon’s policy to use the graft that

the patient had preselected.

There were however two consistent indications for

PT grafts; chronic ACL insufficiency and ACL recon-

struction in combination with a collateral ligament

repair or reconstruction. Therefore, patients who

underwent ACL reconstruction more than 12 months

after injury and patients with collateral ligament inju-

ries of greater than grade II severity were excluded

from the present study. In addition, we excluded pa-

tients with marked ACL insufficiency as defined by a

3+ Lachman test or a gross pivot-shift test on exami-

nation under anaesthesia at the commencement of

their surgery. Patients with radiographic evidence of

osteoarthritis or arthroscopic evidence of cartilage

disruption of greater than Noyes grade IIA or Noyes

IIA greater than 1 cm in diameter [18] were also ex-

cluded. Finally, we excluded patients who were preg-

nant at the time of the study.

After applying these criteria, 94 females (61 HS, 33

PT) were potentially available for inclusion and were

invited to attend for review. Twenty were lost to

follow-up, six were overseas, and three were too busy

to participate. One HS patient was unhappy with her

outcome and declined to take part. Sixty five patients

agreed to participate (43 HS, 22 PT). One PT patient

had ruptured the graft 20 months after surgery whilst

playing netball. She had been playing without prob-

lems for 13 months prior to re-injury. As this patient

had subsequently undergone revision ACL recon-

struction with a good outcome and a successful return

to sport, she was not reviewed. Subjects were in-

formed about the study before consenting to partici-

pate.

Characteristics of the study sample are shown in

Tables 1 and 2. All ACL injuries occurred during

sporting activity and, preoperatively, the PT and HS

groups were similar in terms of age, preinjury Cincin-

nati sports activity score [17], time from injury to sur-

gery, and examination findings at operation. The

follow-up was a mean of 3.6 years in the HS group and

of 3.9 years in the PT group. There were no significant

differences between the two groups. On this basis, it

was felt that it was reasonable to proceed with a

comparative analysis.

Surgical technique

All patients had undergone an arthroscopically assisted

single-incision ACL reconstruction. In the HS group,

the gracilis and semitendinosus tendons were harvested

through an oblique 3–4 cm incision. In the PT group, a

central third bone-tendon-bone graft was harvested

through a 5–7 cm longitudinal incision. The femoral

tunnel was drilled using a trans-tibial technique. All

Table 1 Demographic data and characteristics of study sample

Hamstring
tendon
(n = 43)

Patellar
tendon
(n = 21)

Age at surgery
(years)

29 (14–54) 28 (16–45)

Age at follow-up
(years)

33 (18–58) 32 (19–48)

Time from injury
to surgery
(weeks)

9 (2–38) 13 (1–46)

Preinjury sports
activity score
(0–100)

85 (60–100) 85 (65–100)

Follow-up
interval
(years)

3.6 (2.6–5.2) 3.9 (2.6–5.5)

Table 2 Preoperative examination under anaesthesia findings of
study sample

Hamstring
tendon
(n = 43)

Patellar
tendon
(n = 21)

Effusion
Absent 29 (83%) 15 (71%)
Present 14 (17%) 6 (29%)

Extension range (degree)
6–10 0 (0%) 1 (5%)
1–5 20 (47%) 8 (38%)
0 22 (51%) 12 (57%)
–1 to –5 1 (2%) 0 (0%)

Flexion range (degree)
135–139 1 (2%) 1 (5%)
140–144 11 (26%) 8 (38%)
145–149 30 (70%) 12 (57%)
150 or greater 1 (2%) 0 (0%)

Lachman test
1+ 13 (30%) 6 (29%)
2+ 30 (70%) 15 (71%)

Pivot shift test
1+ 9 (21%) 2 (10%)
2+ 34 (79%) 19 (90%)
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grafts were statically pretensioned at 20 lb (89 N) for

5 min prior to insertion. Graft fixation was the same in

both groups. Femoral fixation was by means of an

EndoButton (Smith and Nephew Endoscopy, Mans-

field, MA, USA) attached to the graft with a doubled

loop of 3-mm polyester tape. On the tibial side all

grafts were fixed with a 7 · 25 mm absorbable PLLA

interference screw (Phantom Interference Screw, De-

Puy Orthopaedic Technology Inc., Warsaw, IN, USA).

In the PT group, the PT defect was loosely closed with

interrupted absorbable sutures. Although, the donor

sites on the patella and tibial tubercle were not for-

mally bone grafted, bone fragments from trimming of

the graft were placed in the tibial tubercle defect.

Patients were discharged from hospital on the first

postoperative day.

Associated pathology

In the HS group there were seven (16%) medial

meniscal tears; two were stable and not treated, one

was repaired using an inside to out technique and the

remaining four were treated by partial meniscectomy.

There were 12 (28%) lateral meniscal tears; five were

stable and the remaining seven underwent partial me-

niscectomy. One medial femoral condyle lesion was

also debrided. In the PT group there were five (23%)

medial meniscal tears; one was repaired using an inside

to out technique and the remaining four underwent

partial meniscectomy. There were seven (33%) lateral

meniscal tears; three were stable and the remaining

four underwent partial meniscectomy.

Postoperative management

Postoperatively all patients used the same rehabili-

tation protocol. The protocol emphasised early res-

toration of full extension and quadriceps function and

allowed weight bearing on an as tolerated basis from

the first postoperative day. No braces or splints were

used. Progression was on an as tolerated basis, being

guided by the presence and degree of pain and

swelling. Apart from isometric exercises with the

knee in full extension, quadriceps-strengthening

exercises were restricted to closed kinetic chain

exercises during the first 3 months. Patients were al-

lowed to ride an exercise bicycle from 2 weeks

postoperatively and were allowed to start gymnasium

exercises (leg press, half squats, step ups and HS

curls) from 6 weeks. Running was allowed from

10 weeks and sports-specific drills from 3 months.

Patients were allowed to return to competitive sport

from 8 months, provided there was no effusion, a

normal range of motion, satisfactory stability and

good quadriceps function.

Evaluation

All patients completed a questionnaire, which included

the IKDC 2000 subjective knee evaluation form [13],

the SF-36 [25] and the Cincinnati Sports Activity Scale

[17]. The following two questions were added to the

subjective knee form: ‘‘Do you have pain at the front

of your knee?’’ and ‘‘Do you have pain when you

kneel?’’ The response format for these additional

questions was identical to that of the subjective knee

form (zero = no pain, ten = worst pain imaginable).

Patients were then examined by a single orthopaedic

surgeon who was not involved in the patients’ care and

who completed the IKDC 2000 knee examination

form. The examiner was not blinded to graft type as

they were the only person involved in reviewing the

patients. The treating surgeon was unaware of the re-

sults until all data collection had been completed. The

passive ranges of extension and flexion of both knees

were recorded using a goniometer with the subject

supine. The deficit of the operated limb relative to the

non-operated limb was recorded. KT-1000 arthrometer

(MEDmetric, San Diego, CA, USA) measurements of

side-to-side differences in anterior tibial displacement

were recorded at 134 N (30 lb). The Lachman test was

recorded and graded as normal, 1+, 2+ or 3+. The pi-

vot-shift test was also performed on both knees and

graded as normal, glide, clunk or gross. One PT patient

and three HS patients did not complete the examina-

tion component of the review.

Statistical analysis

Data were analysed using independent samples t-tests,

the Mann–Whitney U-test and contingency tables to

compare HS and PT groups. The significance level was

set at P < 0.05.

Results

Pain and IKDC subjective knee evaluation

Data for the recorded pain variables is shown in

Table 3. There were no significant differences in the

incidence or the severity of anterior knee pain (AKP)

between the two groups. In contrast, the incidence

(P < 0.01) and severity (P < 0.01) of pain on kneeling

were significantly greater in the PT group. IKDC

subjective knee evaluation scores were not significantly
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different between the two groups (HS mean 89.5,

ranges 59–100; PT mean 86.5, ranges 61–99).

SF-36

The HS group scored significantly higher on the

physical functioning (P = 0.02) and general health

subscales (P = 0.03) of the SF-36 (Fig. 1). There was

no difference between the groups for the other sub-

scales.

Cincinnati Sports Activity Scale

Sports activity scores were significantly higher in the

HS group (P = 0.04). The median score was 85 (ranges

55–100) compared to 80 (ranges 40–100) in the PT

group. A greater number of HS patients had also re-

turned to their preinjury score (HS 60%; PT 33%,

P = 0.04).

IKDC knee evaluation form

There was no difference in the distribution of IKDC

categories between the two groups. Overall, 24 (40%)

patients were graded normal (38% HS, 45%PT) and 35

(59%) as nearly normal (60% HS, 55% PT). There was

one patient who rated abnormal in the HS group. No

patients rated severely abnormal.

Ligament examination

The mean KT-1000 side-to-side difference in anterior

tibial displacement at 134 N was 1.7 mm (ranges –1 to

4) in the HS group and did not differ from the mean of

1.8 mm (ranges 0–5) in the PT group. All patients had

5 mm or less side-to-side difference and the majority in

both groups (HS: 70%, PT: 75%) had a side-to-side

difference of 2 mm or less. The Lachman grades re-

flected the KT-1000 measurements with 44 (73%) pa-

tients having a normal test and the remainder having

1+ laxity.

In the HS group 29 (72.5%) patients had a normal

pivot-shift test, 10 (25%) had a pivot glide and one

(2.5%) had a pivot clunk. In the PT group there were

15 (75%) patients with a normal pivot-shift test, and 5

(25%) with a pivot glide.

Range of motion

Although small in magnitude, extension deficits were

significantly greater in the PT group (HS mean 1.0�,

ranges –2 to 5�; PT mean 1.9�, ranges 0 to 5�, P = 0.04).

Flexion deficits were not significantly different be-

tween the groups (HS mean 1.4�, ranges –4 to 12�; PT

mean 0.5�, ranges –3 to 4�).

Complications

There were no immediate postoperative complications

that required re-operation or readmission. Three pa-

Table 3 Subjective pain measurements

Hamstring
tendon
(n = 43)

Patellar
tendon
(n = 21)

Anterior knee pain
Incidence (%) 47% 38%
Severity (mean ± SD) 1.3 (2.0) 1.7 (2.8)

Kneeling pain
Incidence (%) 56%* 91%
Severity (mean ± SD) 1.3 (1.7)* 4.0 (3.1)

*P < 0.001 HS versus PT
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90

100

Physical

function

Role-

physical

Bodily pain General

health

Vitality Social

functioning

Role-

emotional
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Hamstring

Patellar tendon

*

*

Fig. 1 SF-36 profiles for
hamstring (HS) and patellar
tendon (PT) groups. Asterisks
indicates P < 0.05 HS versus
PT
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tients in the HS group required a subsequent proce-

dure within 12 months. Two underwent arthroscopy

for notch impingement and one had a manipulation

under anaesthesia for a restricted range of flexion.

There were no subsequent procedures within

12 months in the PT group.

Discussion

This mid term follow up of ACL reconstruction in

athletically active females showed no significant dif-

ferences between HS and PT grafts in terms of knee

laxity and rate of graft rupture but did show differences

in favour of HS grafts in terms of morbidity, return to

activity and quality of life.

The laxity findings contrast with those of Barrett

et al. [6] who reported a higher failure rate with HS

grafts based on the presence of a 1+ or more pivot-shift

test, a KT-1000 difference of more than 5 mm, a 2+ or

more Lachman test or revision surgery. The use of a 1+

pivot shift as an indicator of failure is more rigorous

than the IKDC, which classifies such a pivot shift as

nearly normal. If the IKDC criteria are applied to

Barrett’s data and only categories abnormal and se-

verely abnormal are regarded as failures, the failure

rate for HS grafts is 13% compared to 8% for PT

grafts. This is more in keeping with our observations

and may be more appropriate given that there is a

subjective element in the assessment of the pivot-shift

test.

Our findings are also in contrast with those of Gobbi

et al. [12] who reported that at an average of 3 years,

females who had undergone ACL reconstruction with

a HS graft had significantly more anterior laxity

(1.7 mm) than females who had undergone ACL

reconstruction with a PT graft (1.0 mm). However, it is

worth noting that unlike the present study, Gobbi et al.

did not use the same fixation methods for both graft

types. The HS grafts had suspensory fixation at both

ends, which may have contributed to increased laxity

compared to the PT grafts, which had aperture fixation

on the femoral side and suspensory fixation on the

tibial side. In our study, both grafts had suspensory

fixation on the femoral side and interference screw

fixation on the tibial side.

Similar to previous studies that have compared HS

and PT grafts, we did observe a small but significant

extension deficit in the PT group compared to HS

group [1, 2, 9, 10]. This is probably of little clinical

relevance. One might have expected that due to in-

creased ligamentous laxity compared to males,

extension deficits would be minimized in a study

population consisting entirely of females. However,

our results are in fact consistent with previous studies,

which had a preponderance of male subjects [9, 10].

This increased extension deficit associated with PT

grafts has previously been attributed to donor site

morbidity [20–22].

Assessment of pain on kneeling revealed possibly

the most clinically significant difference between the

two graft types. The incidence and severity of pain on

kneeling were greater in the PT group. Once again this

reflects the findings of randomised controlled trials,

which have used this outcome measure in mixed gen-

der populations [4, 5, 8–10]. Increased pain on kneeling

seems to be related to the harvest site for PT grafts

[11]. It has previously been reported that tenderness

over the inferior pole of the patella occurs particularly

if the patellar bone defect is grafted rather than left

open [15]. Although we placed bone chips from shap-

ing of the bone blocks in the tibial tubercle defect no

bone graft was applied to the patellar defects in the

patients in this study.

Quantitative assessment of activity can be difficult

because scores need to take into account both the

frequency and the type of exercise. The scale we chose

to use, the Cincinnati Sports Activity Scale, does both.

Although the median scores of 85 in the HS group and

80 in the PT group reflect a similar frequency of par-

ticipation (1–3 days/weeks), there is a difference in the

type of exercise reflected by these scores. A score of 85

indicates participation in sports that involve jumping,

hard pivoting and cutting, whereas 80 indicates par-

ticipation in sports that do not involve these manoeu-

vres.

It has been suggested that there is a role for generic

health outcome measures in evaluating surgical pro-

cedures [16]. We therefore used the SF-36, which

showed differences with the HS group scoring signifi-

cantly higher on the Physical Functioning and General

Health subscales. This is in fact consistent with the

greater number of HS subjects (60%) who had re-

turned to their preinjury activity level compared to the

33% of PT subjects.

Although this study was not a randomised com-

parison, we used strict inclusion criteria to reduce the

number of potentially confounding variables and to

maximize the strength of the study. Only patients

with a relatively isolated ACL rupture were included.

Patients who had chronic ACL insufficiency (greater

than 1 year from injury to surgery) were excluded, as

were patients with marked laxity preoperatively. A

single surgeon performed all procedures and one

investigator, who was not involved in the patients’

care, examined all patients. Apart from graft harvest,
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the surgical technique, including fixation technique,

was identical for both groups. The effectiveness of

the inclusion and exclusion criteria is demonstrated

by the similarity of the characteristics of the two

groups.

We recognise that due to non-randomisation of graft

type there was a potential for selection bias. The per-

iod in which these patients underwent surgery coin-

cided with the time when many of the recent

randomised controlled trials comparing the two grafts

were being conducted and analysed. As a result there

was less information than is available today to enable

surgeons to make an evidence-based decision regard-

ing graft selection. Therefore, we feel that the potential

for selection bias was at least partially mitigated by the

treating surgeon’s uncertainty about the indications for

each graft type during the period of the study. Fur-

thermore, where consistent indications were used,

steps were taken to exclude the relevant patients. In

addition, accepting a patient’s preconceived preference

for a particular graft type added further inconsistency

(and therefore less potential for selection bias) to the

graft allocation process.

Our overall follow up rate was 69%, just below the

generally recommended rate of 70% being regarded as

acceptable [24]. Importantly the rate of follow up for

both grafts types was essentially the same (70% HS;

67% PT). As a result we do not believe that transfer

bias is likely to have had a significant impact on this

study.

Given that the two subject groups were comparable

and that our findings are in accordance with those re-

ported from randomised studies in mixed gender

populations, we believe that the results of this study

indicate that HS tendon grafts are a satisfactory alter-

native to PT grafts for females undergoing ACL

reconstruction.
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