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Abstract: Background: Comparing to anterior cruciate ligament reconstructions (ACLR) with free
hamstring tendon (FHT), ACLR with preserved tibial-insertion hamstring tendon (HT-PTI) could
ensure the blood supply of the graft and avoid graft necrosis. Yet, whether HT-PTI could protect the
cartilage and clinical outcomes in mid-long period after ACLR was still unclear. Purpose: To compare
the cartilage change and clinical results between the HT-PTI and FHT in 5 years after ACLR. Study
design: Randomized controlled trial; Level of evidence, 2. Methods: A total of 45 patients who
underwent isolated ACLR with the autograft of hamstring tendons were enrolled and randomized
into 2 groups. The study group undertook ACLR with HT-PTI, whereas the control group had FHT.
At pre-operation, and 6, 12, 24, and 60 months post-operation, all cases underwent evaluation with
Knee Injury and Osteoarthritis Outcome Score (KOOS), and MR examination. The knee cartilage was
divided into 8 sub-regions of which the T2 value and cartilage volume on MRI were measured and
documented. The data of two groups were compared and their correlations were analyzed. Results:
A total of 18 patients in the HT-PTI group and 19 patients in the FHT group completed the follow-up.
The KOOS scores were improved at each follow-up time point (p < 0.001), reached the most superior
at 12 months and maintained until 60 months but had no significant difference between the two
groups. At 60 months, the cartilage in most subregions in FHT group had higher T2 values than those
of pre-operation (p < 0.05) and also higher than HT-PTI group; The cartilage volume changes (CV%)
are positive at 6 months and negative from 12 to 60 months in the FHT group, while being negative
at all time points in the HT-PTI group. The values of absolute CV% in most subregions in FHT group
were significantly higher than those in the HT-PTI group at 6 and 60 months (p < 0.05). Conclusion:
The improvement of KOOS score peaked at 12 months in all cases and had no difference between the
two groups. The cartilage in the FHT group had more volume loss, earlier and wider damage than
that in the HT-PTI group within 5 years. No significant correlation was found among KOOS score,
CV%, and T2 value.

Keywords: ACLR; hamstring tendon with preserved tibial insertion; MRI; T2; cartilage volume

1. Introduction

The instability of the knee joint after the injury of the anterior cruciate ligament
(ACL) will lead to the wear of articular cartilage. At present, relevant research shows
that ACL reconstruction (ACLR) can effectively correct the instability of the knee joint,
thereby reducing the wear of articular cartilage [1]. However, various studies showed
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that the damage of articular cartilage was still progressing after ACLR had corrected joint
instability [2-6]. It was proved that various inflammatory factors including IL-13, IL-6,
IL-10 and TNF-a were released into the joint during the graft necrosis and proliferation
stages after ACLR, activated matrix metalloproteinases to digest collagen and proteoglycan
in cartilage matrix, and resulted in cartilage degeneration [7,8]. Therefore, the potential
biochemical and metabolic factors could lead to the occurrence of knee OA after ACLR [1,9].

In the early stage of cartilage degeneration, the cartilage would have increased water
content, decreased proteoglycan content [10] and reduced volume [11,12]. MRI is the most
commonly used to evaluate cartilage injury [12-14] because its sensitivity in detecting the
water change in cartilage [15]. As the T2 relaxation time of cartilage is directly proportional
to the water distribution in cartilage and inversely proportional to the specific distribution
of proteoglycan [12,16,17], MRI quantitative T2 value is used for detecting early cartilage
lesions through the changes of cartilage matrix and water content [18].

The growing activity in the field of cartilage damage creates a need for validated
clinical outcome scores whose special emphasis was given to patients with cartilage in-
juries [19]. Different from the Lysholm, Tegner, and international knee documentation
committee (IKDC) scores, the Western Ontario and McMaster Universities Index (WOMAC)
is commonly used to measure the patients with osteoarthritis (OA) [20]. However, the
population presenting with focal cartilage lesions after ACLR is generally younger and
more active as compared to patients with OA [21]. The Knee Injury and Osteoarthritis Out-
come Score (KOOS) was developed as an extension of the WOMAC and designed to assess
symptoms and function in younger or more active patients with ACL injuries and cartilage
damage [19]. Therefore, the KOOS would fit this population better. In addition, the KOOS
have been proved to be a measure of sufficient reliability, validity, and responsiveness for
surgery and physical therapy after ACLR [19,22].

Given the hamstring tendon with intact tibial insertion (HT-PTI) had much less necrosis
than the free hamstring tendon (FHT) after ACLR [7,23], and could avoid necrosis and
reduced the level of intra-articular inflammation [7,23,24], we hypothesized that the knee
after ACLR using HT-PTI might have less cartilage degeneration than those using FHT.

The purpose of this study was to investigate and compare the KOOS score and cartilage
degeneration measured on MRI after ACLR in 5 years with HT-PTT and FHT, then to analyze
which operation could help to slow down the cartilage degeneration after surgery and
analyze the potential correlations between knee function and cartilage degeneration.

2. Methods
2.1. Participants

This study was approved by the local ethical committee and all patients signed in-
formed consent before enrollment. This single-center, prospective, randomized trial was
conducted in our hospital. The patients with ACL injury were consecutively enrolled from
January to December 2014, and the indication, inclusion criteria, and other detail informa-
tion were described in the methods of our previous study [24]. The inclusion criteria for
participants were (1) unilateral ACL injury, (2) no history of surgery in the injured knee,
and (3) age between 18 and 45 years. The participants were excluded if they had any of the
following: (1) osteoarthritis; (2) combined ligament injuries; (3) multisystem trauma, nerve
injuries, or fractures; or (4) cartilage injury more severe than grade 2 using the Outerbridge
grading system [25] (determined during diagnostic arthroscopy) [7]. Differences of demo-
graphic data between the 2 groups were not statistically significant (all p values < 0.05) [7].
In all, 45 patients who qualified for inclusion were recruited and randomly distributed
into 2 groups, including 21 patients underwent ACLR with HT-PTI and 24 with FHT, were
performed follow-up during the periodic follow-up (Figure 1). 17.8% of the patients were
lost to the follow-up.
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Figure 1. Flowchart of the randomized clinical trial. Full follow-up within 60 months included
patients who had follow-up at pre-operation and 6, 12, 24, and 60 months postoperatively. The
HT-PTI group had ACLR with an insertion preserved hamstring tendon autograft, and the FHT
group had ACLR with a free hamstring tendon autograft. HT-PTI, hamstring tendon with intact tibial
insertion; FHT, free hamstring tendon; ACL, anterior cruciate ligament; ACLR, ACL reconstruction.

2.2. Surgical Technique and Postoperative Rehabilitation

The surgical techniques had been published previously. All operations were performed
by the same senior surgeon using the same instrumentation and the same arthroscopic
single-bundle ACLR techniques. All patients received the same protocol of postoperative
rehabilitation [1].

2.3. Clinical Evaluation

Considering the assessment of the outcomes during inflammatory processes and
stable-state condition postoperatively [7], the evaluations were performed and documented
before surgery and at 6, 12, 24, and 60 months after surgery. As our previous study sum-
marized and published the clinical outcomes based on objective scores within 60 months
postoperatively [1], the KOOS score was evaluated at pre-operation and 6, 12, 24 and
60 months post-operatively in this study. The score includes five subscales: symptoms,
pain, activities of daily living (ADL), sport and recreation function (Sports/rec), and quality
of life (QoL). The higher the total score, the better the outcome of knee joint after ACLR.

2.4. MRI Scan and Image Analysis

MRI examinations were conducted by 3.0-T MRI scanner (MAGNETOM Verio, A
Tim System; Siemens, Shanghai, China) and performed at 6, 12, 24 and 60 months after
ACLR. Three-dimensional double echo steady states (3D-DESS) in sagittal plane was used
to quantify cartilage. The repetition time was 14.45 ms, the echo time was 5.17 ms, and
the turn angle was 25°, The thickness was 1.5 mm. In sagittal T2 mapping sequence,
the repetition time was 2820 ms, echo time was 13.8/27.6/41.4/55.2/69.0 ms, and turn
angle was 180°, The voxel size was 0.4 x 0.4 x 3.0 mm; The visual field was 160 mm; The
imaging time was 5 min 48 s. All image data were collected by Siemens software package
(numaris/7, syngomr B17; Siemens) measurement and processing.
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The MRI data of 3D-DESS sequence were imported into Siemens knee cap (version 1.5)
workstation for automatic recognition of knee cartilage. The software could automatically
divide articular cartilage into eight sub-regions [26,27]: patella (P), femoral trochlea (TrF),
anterior area of lateral femoral condyle (aLFC), posterior area of lateral femoral condyle
(pLEC), and anterior area of medial femoral condyle, (aMFC), posterior area of medial
femoral condyle (pMFC), lateral tibia plateau (LT), medial tibia plateau (MT). The volume
of cartilage in each subregion was obtained by manual fine-tuning. The aLFC and pLFC
were divided by the posterior horn of the lateral meniscus, and the aMFC and pMFC were
divided by the posterior horn of the medial meniscus. The specific operation interface of the
software was shown in Figure 2, and the 3D model established by the software according
to the preoperative knee cartilage of the patient is shown in Figure 3.

After all the MRI images being input into PACS Image processing software, two
experienced radiologists independently measured the T2 value and cartilage value (CV) of
each sub-region of cartilage after operation without knowing the specific grouping of FHT
and HT-PTI. The repeated measurements were made on 2 days at 1-2 weeks apart [1].

The T2 values of cartilage were measured on three consecutive sagittal planes of
the medial, lateral tibiofemoral and patellofemoral joints respectively (Figure 4). When
manually sketching the cartilage contour for measurement, tried to avoid the subchondral
bone plate and joint fluid and remove the extreme value. The average T2 value of all
3 consecutive layers was the T2 value corresponding to the measured cartilage subregion.
All data of T2 mapping sequence were imported into Siemens workstation (syngi mrb17
software) for reconstruction to obtain T2 mapping.

The percent of cartilage volume changing (CV%) [17] of 8 sub-regions were measured
and compared between HT-PTI and FHT groups preoperatively and at 6, 12, 24, and
60 months after ACLR. The volume change rate CV% of cartilage was calculated according
to the following formula:

postoperative CV — preoperative CV

CV% = x 100%

preoperative CV

The negative value of CV% indicated that the cartilage volume decreased at this
follow-up time point comparing to the preoperative CV, while the positive value indicated
increased cartilage volume. The larger the absolute value of CV%, the greater the change of
cartilage volume.

2.5. Statistical Analysis

Stata software (v13.0; Stata Corp., College Station, TX, USA). Continuous variables
are represented by means + standard deviation. The differences of T2 value, CV% and
KOOQOS score between HT-PTI group and FHT group were compared. If the data obeyed
normal distribution and the variance was homogeneous, the independent sample t-test
was used; otherwise, the nonparametric Mann Whitney rank sum test was used. When
comparing within groups, paired -test was used if the data obeyed normal distribution
and the variance was homogeneous, otherwise nonparametric Wilcoxon signed ranks test
was used. Spearman correlation analysis was used to calculate and analyze the correlation
between knee cartilage KOOS score, T2 and CV%. Intra correlation coefficient (ICC) was
used to evaluate the consistency between the two measurements and scores (ICC < 0.4
was defined as poor; 0.4 < ICC < 0.75 was defined as medium; ICC > 0.75 was defined
as good). The significance level was set at 0.05. Using G*Power software (version 3.1) to
calculate the sample size, according to the previous relevant research to determine the
corresponding research index threshold [15], set the test level « = 0.5, test efficiency (1 — ).
Additionally, post hoc power analysis found that each group needs at least 16 patients to
achieve significant difference. Therefore, the number of patients included in this study
meets the minimum sample size requirements.
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Figure 2. Siemens knee cap (version 1.5) software 3D-DESS image workstation operation interface.
The software can automatically recognize and calculate the volume of each cartilage subregion of the
knee joint. (A-1), Sagittal position of lateral knee joint; (B-1), Horizontal position of lateral knee joint;
(C-1), Coronal position of lateral knee joint; (A-2), Sagittal position of middle knee joint; (B-2), Hor-
izontal position of middle knee joint; (C-2), Coronal position of middle knee joint; (A-3), Sagittal
position of medial knee joint; (B-3), Horizontal position of medial knee joint; (C-3), Coronal position
of medial knee joint.
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Figure 3. 3D model of knee joint cartilage. The 3D reconstruction model of complete knee cartilage
was automatically divided into 8 subregions: P, TrF, aMFC, pMFC, aLFC, pLFC, MT and LT by
Siemens knee cap (version 1.5). Different cartilage subareas are marked with different colors. The
corresponding cartilage subareas of each color are shown in the far right of this figure. P, patella.
TrF, femoral trochlea. aLFC, anterior area of lateral femoral condyle. pLFC, posterior area of lateral
femoral condyle. aMFC, anterior area of medial femoral condyle. pMFC, posterior area of medial
femoral condyle. LT, lateral tibia plateau. MT, medial tibia plateau.

Figure 4. Measurements of T2 value of cartilage in each sub region of knee joint. (A) the lateral
tibiofemoral joint of the knee: the measurement sub zone 1 is the aLFC, the measurement sub zone
2 is the pLFC, and the measurement sub zone 3 is the LT; (B) patellofemoral joint of knee joint: the
measurement sub zone 1 is P, and the measurement sub zone 2 is TrF; (C) medial tibiofemoral joint
of knee joint: the measurement subzone 1 is aMFC, the measurement subzone 2 is pMFC, and the
measurement subzone 3 is MT.

3. Results

Finally, 5 patients in the control group and 3 patients in the study group were lost to full
follow-up. 37 participants (82.2%) undergone complete follow-ups in this study: 18 patients
in the study group and 19 patients in the control group, and relevant demographic data
has been published in our previous study [24]. Differences of demographic data between
the two groups were not statistically significant (all p values > 0.05) [1].
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3.1. Clinical Outcomes

In our previous study [24], the clinical outcomes including the International Knee
Documentation Committee (IKDC), Tegner scores, Lysholm activity score, and KT-1000
arthrometer measurements were improved compared with before surgery (p < 0.001) and
were similar in both groups.

As shown in Table 1, the scores of KOOS in the two groups showed the same trend with
time, which significantly improved at 6 months (p < 0.001), further significantly improved
at 12 months (p < 0.05), and then maintained at a relatively stable level from 12 months to
60 months after ACLR. The differences were statistically significant (p < 0.001). There was
no significant difference between HT-PTI group and FHT group in the symptoms, pain,
activities of daily living, sport and recreation function, and quality of life scores of KOOS at
pre-operation, 6, 12, 24 and 60 months after ACLR (p > 0.05).

Table 1. KOOS Outcomes in the Study and Control Groups @.

Symptoms Pain ADL Sports/Rec QoL

Control Group

Pre-operative 67.1 +22.3 752 +23.8 80.8 +21.7 51.3 + 18.9 473 +24.9
6-month 825+ 153 * 849 + 13.8* 89.9 +11.3* 633 +£21.2*% 81.6 +£17.3*%
12-month 90.2 + 11.7 *# 91.0 £ 9.9 * 95.6 + 5.5 ** 80.4 + 8.7 * 924 + 724
24-month 92.1 £+ 13.9 *# 93.7 + 7.4 *# 97.1 £ 4.2 86.9 + 10.6 ** 93.8 + 6.1 **
60-month 923 + 10.6 ** 93.3 + 6.3 ** 96.7 &+ 4.4 * 86.3 +11.1 ** 92.1 + 5.8 *#

Study group

Pre-operative 68.9 + 23.7 73.7 +21.1 79.8 +22.5 53.7 +19.6 50.1 +22.8
6-month 83.1+159* 863+ 12.6* 88.5+10.9 * 65.14+19.7 % 80.8 + 159 *
12-month 89.9 + 10.8 ** 92.2 + 133 * 96.8 + 5.3 * 81.2 + 10.4 ** 91.7 £ 9.9 *#
24-month 91.9 £+ 12.5 *# 945 + 7.1 *# 98.1 + 4.7 87.5 + 12.0 ** 932 + 7.7 *#
60-month 92.7 + 11.2 *# 93.6 + 7.7 973 + 45 85.6 + 11.5 ** 925+ 62

2 Clinical-outcomes in the study and control groups at pre-operation, 6, 12, 24 and 60 months after ACLR. KOOS:
Knee Injury and Osteoarthritis Outcome Score, ADL: activities of daily living, Sports/Rec: sport and recreation
function, QoL: quality of life. Comparing with the pre-operative clinical outcome, * p < 0.001. Comparing with the
6-month clinical outcome, # p < 0.05. Values were shown as mean =+ SD.

3.2. MRI Findings

On the MR images, no ligament re-tear or obvious cartilage defects were observed.
The ICC index of inter-observer reliability was 0.786, and the ICC index of intra-observer
reliability was 0.803.

3.3. T2 Value

The T2 mapping color scale of articular cartilage in HT-PTI group and FHT group at
6, 12, 24 and 60 months after operation is shown in Figures 5 and 6. If the false color of
cartilage is close to red, the cartilage had higher T2 value and more damage. Meanwhile, if
the color is closer to dark blue, the cartilage had lower T2 value and less damage.

As shown in Figure 7, the preoperative cartilage T2 values had no significant difference
in each sub-region of knee joint between groups (p > 0.05). Compared with HT-PTI group,
the FHT group had higher T2 values in P, TrE, pMFC, MT and LT at 6th month, in aLFC,
aMFC, MT and LT at 12 months, in TrF, aLFC, aMFC, LT and MT at 24 months, and in TrF,
aLFC, aMFC, LT and MT at 60 months (all p < 0.05).

As shown in Table 2, in the FHT group, except from pMFC, the T2 value increased
within 60 months after operation in all measured areas. In HT-PTI group, the T2 value did
not change in P, TrE, pMFC and pLFC, and increased in aMFC, aLFC, MT and LT.
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Figure 5. Sagittal T2 mapping of knee joint in HT-PTI group. (A-1-A-3) show the lateral tibiofemoral
joint, patellofemoral joint and medial tibiofemoral joint in HT-PTI group at 6 months after operation;
(B-1-B-3) show the lateral tibiofemoral joint, patellofemoral joint and medial tibiofemoral joint in
HT-PTI group 12 months after operation; (C-1-C-3) show the lateral tibiofemoral joint, patellofemoral
joint and medial tibiofemoral joint in HT-PTI group 24 months after operation; (D-1-D-3) show
the lateral tibiofemoral joint, patellofemoral joint and medial tibiofemoral joint in HT-PTI group
60 months after operation.
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Figure 6. T2 mapping of knee joint sagittal plane in FHT group. (A-1-A-3) show the lateral
tibiofemoral joint, patellofemoral joint and medial tibiofemoral joint at 6 months after opera-
tion in FHT group; (B-1-B-3) show the lateral tibiofemoral joint, patellofemoral joint and medial
tibiofemoral joint 12 months after operation in FHT group; (C-1-C-3) show the lateral tibiofemoral
joint, patellofemoral joint and medial tibiofemoral joint 24 months after operation in FHT group;
(D-1-D-3) show the lateral tibiofemoral joint, patellofemoral joint and medial tibiofemoral joint in
FHT group 60 months after operation.
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Figure 7. The T2 values of cartilage in each subregion were compared between FHT group and HT-
PTI group. There was no significant difference in T2 value between the two groups before operation;
The difference of P T2 value between two groups was significant at 6 months after operation; The
differences of TrF T2 values between two groups were significant at 6, 24 and 60 months after
operation; The differences of aMFC T2 values between two groups were significant at 12, 24 and
60 months after operation; The T2 values of aLFC, MT and LT between two groups were significantly
different within 60 months after operation. * p < 0.05; ** p < 0.001. FHT, free hamstring tendon;
HT-PTI, hamstring tendon with intact tibial insertion; P, patella; TrF, femoral trochlea; aLFC, anterior
area of lateral femoral condyle; pLFC, posterior area of lateral femoral condyle; aMFC, anterior area
of medial femoral condyle; pMFC, posterior area of medial femoral condyle; LT, lateral tibia plateau;
MT; medial tibia plateau.

3.4. Cartilage Volume Change

In comparison with the FHT group, the HT-PTI group had similar CV% at 12 and
24 months after operation (p > 0.05), but significantly lower |CV%] all subregions at
6 month (all p < 0.05) and significantly lower |CV%]| P, TrF, aMFC, aLFC, MT and LT at
60 months (all p < 0.05) (Figure 8).

In FHT group, the cartilage CV in all 8 sub-regions showed a transient increase at
6 months after operation, and reduced from 12 to 60th month with the increased CV% |
(p < 0.05). In HT-PTI group, the cartilage CV decrease with the increased |CV% | in aLFC,
PMEC, pLFC, MT and LT at 24 and 60 months, and in P, TrF and aMFC at 60 months
(p < 0.05) (Table 3).

3.5. Correlation Analysis

Possible associations among KOOS, T2 values and CV% are shown in Appendix A
Tables A1-A3. However, no correlation was found between T2 value and KOQOS scores,
between CV% of each cartilage sub-region and KOOS scores, or between T2 value and CV%
of each cartilage sub-region in FHT group and HT-PTI group at all timepoints (all p > 0.05).
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Table 2. T2 values at Different Subregions and Timepoints in Two Groups

X

P TrF aMFC aLFC pMEC pLFC MT LT
FHT group
Pre-operative 3152 +7.84 40.85 +9.77 32.46 + 10.46 32.89 + 8.35 42.63 +7.32 40.28 + 7.39 23.63 + 8.57 23.58 +7.92
6m 35.28 +4.16 44.83 + 5.04 36.73 + 4.88 4219 +£5892 42.18 + 6.37 41.73 +£4.22 27.78 + 4.20 28.82 +4.012
12m 33.72 + 4.49 4479 + 6.27 38.18 +5.752 45.64 +4.282 42.04 + 5.86 42.35 + 5.14 31.32 +3.482 31.83 +3.692
24 m 34.38 4+ 4.56 46.21 +7.612 46.51 + 4.52 abe 43.33 £8.872 43.81 £ 6.27 43.77 +£7.14 38.42 + 8.59 abe 35.53 +9.31 ab
60 m 3793 +5.122 48.73 + 6.162 50.62 =+ 8.18 abed 4561 +7.792 4411 £8.92 46.29 4 6.51 P 40.78 4 7.47 abc 36.67 + 8.15 b
HT-PTI group
Pre-operative 30.86 + 8.56 41.75 + 8.97 33.72 +7.93 34.38 + 9.28 41.24 +7.53 39.56 + 9.31 21.74 + 6.62 22.94 4+ 5.61
6m 31.16 +5.18 40.63 +7.21 34.63 4+ 6.39 32.74 + 6.23 43.81 4+ 6.89 41.13 + 8.35 23.42 4+ 5.96 2427 +5.75
12m 32.84 +5.73 4294 + 6.33 34.56 + 7.49 34,62 +7.97 43.38 +5.12 43.74 +4.42 22.56 + 6.77 24.01 +7.20
24 m 32.06 4+ 7.58 41.60 + 6.73 37.92 4+ 6.32 36.96 4+ 9.27 45.06 + 7.85 42.42 + 5.84 29.74 + 7.62 abc 26.19 +5.75
60 m 35.05 + 8.53 44.65 + 6.69 42.34 4 7.05 abed 3943 +821Pb 45.79 + 6.29 44.02 + 6.47 31.94 4 5.87 abc 27.75 +7.532
* Values were shown as mean =+ SD.  Comparing with the pre-operative T2-values, p < 0.05. ® Comparing with the 6-month-T2-values, p < 0.05. ¢ Comparing with the 12-month-T2-
values, p < 0.05. d Comparing with the 24-month-T2-values, p < 0.05. FHT, free hamstring tendon; HT-PTI, hamstring tendon with intact tibial insertion; P, patella; TrF, femoral trochlea;
aLFC, anterior area of lateral femoral condyle; pLFC, posterior area of lateral femoral condyle; aMFC, anterior area of medial femoral condyle; pMFC, posterior area of medial femoral
condyle; LT, lateral tibia plateau; MT; medial tibia plateau.
Table 3. CV% at Different Subregions and Timepoints in Two Groups *.
P TxF aMFC aLFC pMEC pLFC MT 1t
FHT group
6m 6.1 +134 6.8 +12.7 43+92 54494 29+83 2.8 +£8.1 4.5+ 10.6 42 4+11.3
12m —-09+3.0* 024+48* —1.7+53* —21+54* —0.8+49* —1.1+52* —38+66* —45+59*
24m —3846.3* —26+72% —49 471 ~5.64+9.3* —34471%* —4.0+73% —6.7 +10.5* —634+11.2*
60 m —9.8 4+ 16.8 *#* —9.5 4 12.6 *#* —12.3 + 16.9 *#* —12.8 + 15.7 *#+ —7.7 4 13.2*#* —8.1 4 13.5*#* —13.3 + 18.6 *#* —14.9 +19.3 *#+
HT-PTI group
6m 0.3+4.8 0.7+24 —-0.7+£3.1 —0.5+38 —-03+42 —0.6 =39 —-0.8+49 —09 +47
12m —0.7+£59 —-03+4.1 —-1.8+6.1 —-1.6+78 —-09+6.3 —-1.0+£6.1 -31+74 —-33+69
24 m —21+25 —-19+65 -31+71 —3.8+82* —35+82*% —44+85* —58+99* —53+12.7*%
60 m —52 4 13.3*# —414+69* —6.8 4+ 7.2+ —7.14 9.3 ~54 4129 —57413.4* ~7.2410.3* —6.94+9.7*

% Values were presented as mean + SD. * Comparing with the 6 m-CV%, p < 0.05; ¥ Comparing with the 12 m-CV%, p < 0.05; * Comparing with the 24 m-CV%, p < 0.05. CV%, the
percent of cartilage volume changing; FHT, free hamstring tendon; HT-PTI, hamstring tendon with intact tibial insertion; P, patella; TrF, femoral trochlea; aLFC, anterior area of lateral
femoral condyle; pLFC, posterior area of lateral femoral condyle; aMFC, anterior area of medial femoral condyle; pMFC, posterior area of medial femoral condyle; LT, lateral tibia
plateau; MT; medial tibia plateau.
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Figure 8. The CV% of cartilage between FHT group and HT-PTI group were compared. At 6 months
after operation, significant differences were observed in all subgroups; Significant differences were
observed in P, TrF, aMFC, aLFC, MT and LT at 60 months between two groups after operation.
*p <0.05; ** p < 0.001. CV%, the percent of cartilage volume changing; FHT, free hamstring tendon;
HT-PTI, hamstring tendon with intact tibial insertion; P, patella; TrF, femoral trochlea; aLFC, anterior
area of lateral femoral condyle; pLFC, posterior area of lateral femoral condyle; aMFC, anterior area
of medial femoral condyle; pMFC, posterior area of medial femoral condyle; LT, lateral tibia plateau;
MT; medial tibia plateau.

4. Discussion

In this study, we compared the clinical KOOS score, T2 value and CV of cartilage
in 5 years after ACLR with HT-PTI and FHT. The results showed that the clinical KOOS
scores of all cases were significantly improved comparing to pre-operation, and there was
no significant difference between the two groups. Within the 5 years after ACLR, knee
cartilage injury was found in all patients, and mainly in the aMFC, aLFC, MT and LT areas.
Compared to the FHT group, the cartilage damage in the HT-PTI group occurred later with
the smaller area. No correlation among KOOS score, CV% and T2 values were found in all
cases.

The KOOS scores of HT-PTI group and FHT group had no significant difference
within 60 months after ACLR, and it had a significant improvement compared with pre-
operation from the 6-month, reached the peak at the 12-month, and maintained until the
60-month after ACLR. In our previous study [24], the clinical outcomes including the IKDC,
Tegner, Lysholm activity score, and KT-1000 arthrometer measurements were improved
compared with before surgery (p < 0.001) and were similar in both groups. Different with
IKDC, Tegner and Lysholm activity score, KOOS was created as a need for clinical or
researching outcomes tool given to patients with cartilage injuries [19] and was designed
to assess symptoms and function in younger or more active patients with ACL injuries,
cartilage damage [19]. Furthermore, the KOOS has adequate internal consistency, test-retest
reliability and construct validity for surgery and physical therapy after reconstruction of
the ACL [19,22]. Cristiani et al. evaluated the preoperative KOOS of 73 patients undergoing
ACLR with FHT for the first time, and found that the average score of the preoperative
KOQOS subscales were consistent with the preoperative KOOS scores of the two groups in
this study. In addition, consistent with the results of this study, Macri et al. evaluated ACLR
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with FHT at 5 years and found that the average score of KOOS subscales were significantly
improved after ACLR.

Based on T2 value on MR, the cartilage damage in FHT group was found earlier and
in more sub-regions than that in HT-PTI group in this study. Compared to pre-operation,
the higher T2 values were found in aLFC and LT at 6 months in FHT group, in aMFC and
MT at 12 months in FHT group, and in MT at 24 months in HT-PTI group. The similar
findings were also reported in other studies of ACLR with FHT. Related studies have
found that ACL injury is easy to cause contusion to the lateral tibiofemoral joint cartilage.
Histologically, the proteoglycan content of the cartilage matrix in the above subregions
is significantly reduced, while imageology shows that the T2 value of the cartilage in
the above subregions is significantly increased [28]. It can be inferred that the cartilage
degeneration in the aLFC and LT subregions occurred 6 months after the operation in this
study may be due to the further aggravation of the cartilage damage in the lateral femur
of the patient before the operation. Based on T2 value evaluation within one year after
ACLR using FHT, Poter et al. [29] reported the risk of cartilage damage in LT sub-region
was doubled, which further supported the conclusion that the cartilage of LT subregion
in FHT group would degenerate in the early stage after ACLR in our study. In addition,
many other related studies also found similar conclusions to this study, that the T2 value of
cartilage in the medial area of tibiofemoral joint was significantly higher in the follow-up
of 6-36 months than that before operation [28,30].

Regarding the CV change evaluated on MRI, the CV decreased significantly in both
groups. The absolute value of CV% at 5 years in HI-PTI group was smaller than that in FHT
group, which means the cartilage degenerate less in HT-PTI group. Although ACLR was to
maintain knee stability and avoid cartilage damage, it had been proved that the incidence
of cartilage degeneration would still high after ACLR [1]. In addition to the possible
mechanical factors leading to cartilage injury after ACLR, the changes of biochemical
environment in the articular cavity after reconstruction had also been proved to play a role
in cartilage injury [7,8]. Among them, most of the research was the inflammation after ACL
reconstruction [31-34]. Our previous studies had confirmed that ACLR with HT-PTI had
less graft necrosis and less inflammation than FHT [7,23]. Therefore, HT-PTI might reduce
the effect of postoperative articular cartilage by reducing necrosis and inflammation.

Interestingly, the CV% was positive at 6 months in FHT group. Relevant studies also
found that compared with pre-operation, the cartilage volume increased in 3-24 months
and then decreased using traditional FHT [12,13,35,36]. Wang et al. [37] conducted relevant
studies and concluded that the volume increase might be caused by cartilage edema and
swelling after ACLR with FHT, and they also found that there was a certain correlation
between the late cartilage defect after ACLR with FHT and the early cartilage volume
increase after ACLR.

Although the knee cartilage degeneration was different between two groups, both the
HT-PTI and FHT groups had similar KOOS scores at all time points. The postoperative
KOQOS scores were significantly higher than pre-operation from the 6th month after the
operation, reached the best at the 12 months and maintained until the 60 months. The
correlation analysis of each group showed that there was no correlation among the KOOS
score, CV% and T2 value. This might be due to the fact that the clinical score used to
evaluate the prognosis was mainly based on the subjective feelings of patients [7].

5. Limitation

There were still some limitations in this study. Firstly, this study was limited to the
quantitative monitoring of the changes of knee cartilage by MRI, but lacked of relevant
clinicopathological and histological verification. However, considering the related problems
of clinical ethics, it was difficult to obtain the cartilage tissue of patients after ACLR for
related pathological and histological research. In addition, the current measurement of
T2 value was mainly based on the measurement of cartilage T2 at multiple levels, and the
average value was taken, although the measurement bias was reduced to a certain extent.
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However, it was also limited to the selected cartilage MRI layers, which was not the actual
T2 value of the complete cartilage in some regions.

6. Conclusions

No matter whether FHT or HT-PTI was used for ACLR, the KOOS scores of all patients
were significantly improved after their operations, and there was no significant change
within 5 years after operations for both groups. The clinical outcomes of T2 and CV based
on MRI confirmed that there was a certain degree of articular cartilage degeneration in
both groups, and FHT group was more severe. However, there was no correlation among
KOOS score, CV%, and T2 in all patients.
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Appendix A
Table Al. Correlation between T2 value and KOOS of each cartilage sub-region before and after operation (r value).
KOOS-Symptoms KOOS-Pain KOOS-ADL KOOS-Sports/Rec KOOS-QoL
Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI

(n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18)
Pre-operation
P —0.034 —0.170 —0.054 —0.062 —0.077 —0.153 —0.046 —0.043 —0.072 —0.062 —0.033 —0.183 —0.254 —0.057 —0.032
TrF —0.072 —0.031 —0.284 —0.029 —0.072 —0.085 —0.027 —0.017 —0.026 —0.036 —0.173 —0.047 —0.039 —0.063 —0.028
aMFC —0.063 —0.163 —0.294 —0.035 —0.026 —0.082 —0.053 —0.063 —0.084 —0.168 —0.229 —0.062 —0.052 —0.149 —0.062
aLFC —0.140 —0.062 —0.072 —0.048 —0.082 —0.027 —0.081 —0.229 —0.118 —0.053 —0.085 —0.072 —0.044 —0.084 —0.084
pPMEC —0.194 —0.285 —0.063 —0.027 —0.019 —0.007 —0.083 —0.044 —0.247 —0.002 —0.062 —0.068 —0.082 —0.183 —0.225
pLEC —0.009 —0.072 —0.074 —0.007 —0.173 —0.294 —0.273 —0.057 —0.074 —0.042 —0.063 —0.027 —0.018 —0.092 —0.005
MT —0.057 —0.073 —0.173 —0.239 —0.052 —0.074 —0.052 —0.226 —0.062 —0.095 —0.167 —0.073 —0.075 —0.086 —0.003
LT —0.007 —0.036 —0.073 —0.086 —0.081 —0.172 —0.297 —0.016 —0.091 —0.007 —0.032 —0.082 —0.109 —0.101 —0.098
6-month
P —0.263 —0.285 —0.274 —0.073 —0.052 —0.071 —0.011 —0.078 —0.035 —0.273 —0.227 —0.074 —0.045 —0.025 —0.193
TrF —0.082 —0.073 —0.133 —0.047 —0.082 —0.175 —0.227 —0.246 —0.062 —0.084 —0.082 —0.036 —0.075 —0.052 —0.074
aMFC —0.077 —0.094 —0.019 —0.005 —0.291 —0.063 —0.259 —0.081 —0.071 —0.082 —0.219 —0.006 —0.078 —0.062 —0.198
aLFC —0.033 —0.199 —0.242 —0.026 —0.089 —0.037 —0.073 —0.005 —0.018 —0.266 —0.061 —0.088 —0.206 —0.019 —0.054
pMEC —0.041 —0.207 —0.019 —0.268 —0.211 —0.106 —0.142 —0.215 —0.042 —0.121 —0.271 —0.104 —0.218 —0.204 —0.133
pLEC —0.150 —0.240 —0.130 —0.073 —0.191 —0.126 —0.130 —0.273 —0.062 —0.299 —0.051 —0.272 —0.236 —0.114 —0.293
MT —0.058 —0.176 —0.265 —0.084 —0.282 —0.062 —0.110 —0.109 —0.253 —0.082 —0.042 —0.072 —0.005 —0.271 —0.054
LT —0.091 —0.230 —0.279 —0.148 —0.201 —0.238 —0.059 —0.022 —0.174 —0.174 —0.190 —0.191 —0.012 —0.284 —0.003
12-month
P —0.185 —0.042 —0.287 —0.266 —0.152 —0.040 —0.020 —0.129 —0.102 —0.197 —0.258 —0.138 —0.169 —0.081 —0.008
TrF —0.113 —0.275 —0.270 —0.029 —0.154 —0.222 —0.183 —0.159 —0.158 —0.044 —0.146 —0.222 —0.013 —0.175 —0.120
aMFC —0.067 —0.274 —0.230 —0.214 —0.120 —0.155 —0.158 —0.143 —0.238 —0.211 —0.034 —0.075 —0.182 —0.095 —0.184
aLFC —0.080 —0.126 —0.052 —0.167 —0.299 —0.068 —0.275 —0.169 —0.092 —0.268 —0.136 —0.009 —0.004 —0.230 —0.059
pMEC —0.227 —0.036 —0.044 —0.187 —0.285 —0.130 —0.012 —0.178 —0.255 —0.121 —0.049 —0.172 —0.116 —0.051 —0.184
pLEFC —0.189 —0.224 —0.237 —0.007 —-0.209 —0.154 —0.128 —0.235 -0.297 —0.223 —0.174 —-0.127 —0.142 —0.085 —0.145
MT —0.074 —0.171 —0.158 —0.084 —0.181 —0.279 —0.094 —0.045 —0.043 —0.167 —0.122 —0.146 —0.151 —0.187 —0.091
LT —0.214 —0.098 —0.092 —0.282 —0.166 —0.113 —0.219 —0.156 —0.171 —0.206 —0.299 —0.019 —0.266 —0.171 —0.129
24-month
P —0.241 —0.039 —0.058 —0.184 —0.204 —0.004 —0.135 —0.169 —0.259 —0.047 —0.198 —0.226 —0.211 —0.226 —0.284
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Table Al. Cont.
KOOS-Symptoms KOOS-Pain KOOS-ADL KOOS-Sports/Rec KOOS-QoL
Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI
(n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n =18) (n =37) (n=19) (n=18)
TrF —0.202 —0.094 —0.020 —0.033 -0.117 —-0.175 —0.163 —0.128 —0.235 —0.124 —0.075 —0.138 —0.145 —-0.129 —0.015
aMFC —-0.125 —-0.190 -0.102 —0.030 -0.172 —0.181 —0.078 -0.112 -0.127 —0.052 —0.029 —0.089 —0.041 —0.158 -0.257
aLFC —0.072 —0.088 —0.070 —0.185 —0.217 —0.102 —0.065 —0.015 —0.232 —0.014 —0.104 —0.054 —0.256 —0.099 —0.054
pMEC —0.045 —0.295 —0.130 —-0.170 —0.190 —-0.176 —0.083 —0.291 —0.250 —0.280 —0.093 —0.073 —0.085 —-0.179 —0.064
pLEC -0.132 -0.216 —0.274 —0.021 -0.191 —0.203 -0.218 —-0.170 —0.163 —0.087 —0.296 —0.255 -0.177 —0.007 —0.012
MT —0.096 —0.132 —0.144 —0.287 —0.185 —0.062 —0.258 —0.199 —0.287 —0.180 —0.009 —0.262 —0.116 —-0.172 —0.233
LT —0.254 —0.064 —0.280 —0.157 —0.023 —0.091 —0.004 —-0.232 —-0.182 —-0.218 —0.007 —-0.173 —-0.133 —0.277 —-0.135
60-month
P —0.175 —0.018 —0.102 —0.240 —0.169 —0.089 —0.172 —0.020 —0.256 —0.196 —0.264 —0.248 —0.017 —0.098 —0.012
TrF —0.043 —0.149 —0.202 —0.246 —-0.125 —0.147 —0.069 —0.142 —0.240 —-0.272 —0.101 —-0.175 —0.294 —0.240 —-0.174
aMFC -0.027 —0.185 —0.130 -0.118 -0.187 —0.261 —0.240 —0.034 -0.218 —-0.222 -0.015 —-0.015 —0.246 -0.117 —0.166
aLFC —0.295 —0.043 —0.135 —-0.271 —0.115 —0.206 —0.240 —0.152 —0.180 —0.078 —0.162 —0.061 —0.155 —0.136 —0.036
pMEC —0.015 -0.197 -0.213 —0.260 —0.224 —0.055 —0.083 —-0.291 —-0.126 —0.185 —0.216 —0.039 —0.264 —0.038 —-0.293
pLEC —0.065 -0.123 —0.284 —0.263 -0.109 —0.093 —0.084 -0.115 -0.112 —0.016 -0.237 —0.247 —0.106 —0.063 -0.220
MT —0.175 —-0.172 —0.081 —0.234 —0.062 —0.087 —0.053 —0.019 —0.244 —0.176 —0.054 —0.294 —0.238 —0.001 —0.272
LT -0.139 —0.156 —-0.123 —0.022 —-0.135 —0.218 —0.086 —0.058 —0.254 —0.150 —0.238 —0.240 —0.059 —-0.123 —0.093
FHT: free hamstring tendon, HT-PTI: preserved tibial-insertion hamstring tendon, KOOS: Knee Injury and Osteoarthritis Outcome Score, ADL: activities of daily living, Sports/rec: sport
and recreation function, QoL: quality of life.
Table A2. Correlation between value CV% and KOOS of each cartilage sub-region after operation (r value).
KOOS-Symptoms KOOS-Pain KOOS-ADL KOOS-Sports/Rec KOOS-QoL
Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI
(n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18) (n =37) (n=19) (n=18)
6-month
p 0.288 0.001 0.128 0.020 0.212 0.012 0.101 0.267 0.069 0.169 0.269 0.275 0.213 0.207 0.185
TrF 0.178 0.073 0.135 0.269 0.187 0.191 0.262 0.300 0.181 0.057 0.176 0.189 0.022 0.113 0.167
aMFC 0.258 0.245 0.052 0.087 0.082 0.146 0.035 0.153 0.028 0.018 0.137 0.173 0.247 0.257 0.249
aLFC 0.183 0.238 0.273 0.222 0.190 0.239 0.183 0.225 0.074 0.067 0.052 0.275 0.210 0.076 0.071
pMEC 0.181 0.092 0.265 0.226 0.011 0.021 0.076 0.152 0.044 0.164 0.051 0.010 0.241 0.290 0.156
pLEC 0.139 0.085 0.227 0.122 0.010 0.052 0.296 0.279 0.160 0.273 0.251 0.033 0.148 0.221 0.043
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Table A2. Cont.

KOOS-Symptoms KOOS-Pain KOOS-ADL KOOS-Sports/Rec KOOS-QoL
Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI
(n=37) (n=19) (n=18) (n=37) (n=19) (n=18) (n=37) (n=19) (n=18) (n=37) (n=19) (n=18) (n=37) (n=19) (n=18)

MT 0.190 0.177 0.121 0.004 0.144 0.273 0.119 0.102 0.068 0.037 0.108 0.069 0.261 0.270 0.079
LT 0.101 0.169 0.171 0.083 0.033 0.200 0.099 0.119 0.178 0.120 0.144 0.259 0.087 0.128 0.295
12-month

P 0.018 0.298 0.051 0.061 0.239 0.275 0.100 0.138 0.029 0.093 0.294 0.172 0.106 0.248 0.118
TrF 0.027 0.061 0.242 0.122 0.183 0.135 0.283 0.171 0.064 0.142 0.113 0.085 0.152 0.123 0.062
aMFC 0.230 0.104 0.189 0.295 0.116 0.217 0.173 0.155 0.149 0.021 0.016 0.210 0.228 0.224 0.133
aLFC 0.087 0.179 0.091 0.232 0.265 0.254 0.138 0.064 0.105 0.231 0.170 0.161 0.199 0.053 0.064
pMEC 0.079 0.169 0.297 0.153 0.239 0.114 0.086 0.143 0.119 0.061 0.289 0.059 0.166 0.264 0.262
pLEC 0.111 0.107 0.235 0.293 0.247 0.114 0.053 0.003 0.154 0.058 0.068 0.191 0.288 0.097 0.099
MT 0.052 0.057 0.253 0.226 0.249 0.294 0.251 0.269 0.245 0.120 0.049 0.050 0.209 0.081 0.291
LT 0.289 0.067 0.020 0.184 0.285 0.032 0.117 0.092 0.037 0.178 0.093 0.131 0.278 0.110 0.005
24-month

P 0.045 0.233 0.208 0.095 0.002 0.091 0.145 0.070 0.150 0.279 0.025 0.233 0.032 0.130 0.100
TrF 0.025 0.208 0.089 0.083 0.289 0.188 0.178 0.258 0.012 0.289 0.249 0.093 0.102 0.295 0.033
aMFC 0.074 0.221 0.010 0.036 0.246 0.115 0.118 0.097 0.089 0.291 0.194 0.258 0.045 0.114 0.024
aLFC 0.038 0.107 0.107 0.239 0.184 0.155 0.227 0.275 0.118 0.162 0.253 0.239 0.252 0.021 0.204
pMEC 0.062 0.015 0.009 0.151 0.122 0.295 0.210 0.275 0.213 0.044 0.094 0.100 0.058 0.018 0.032
pLEC 0.199 0.253 0.159 0.048 0.148 0.190 0.254 0.012 0.164 0.050 0.292 0.276 0.162 0.030 0.021
MT 0.087 0.165 0.072 0.117 0.242 0.129 0.049 0.067 0.125 0.062 0.140 0.003 0.167 0.239 0.269
LT 0.224 0.187 0.240 0.171 0.088 0.014 0.138 0.146 0.017 0.281 0.212 0.287 0.224 0.109 0.257
60-month

P 0.076 0.182 0.044 0.269 0.203 0.116 0.225 0.221 0.094 0.291 0.239 0.102 0.030 0.095 0.059
TrF 0.057 0.181 0.056 0.269 0.160 0.145 0.067 0.031 0.077 0.185 0.261 0.280 0.172 0.255 0.269
aMFC 0.028 0.176 0.042 0.051 0.162 0.209 0.100 0.130 0.051 0.187 0.259 0.005 0.210 0.095 0.107
aLFC 0.024 0.210 0.239 0.107 0.130 0.097 0.101 0.264 0.245 0.243 0.143 0.199 0.074 0.277 0.037
pMEC 0.102 0.272 0.123 0.165 0.092 0.093 0.083 0.177 0.084 0.188 0.281 0.015 0.275 0.098 0.182
pLEC 0.014 0.234 0.274 0.253 0.294 0.247 0.113 0.068 0.212 0.220 0.096 0.261 0.171 0.099 0.296
MT 0.282 0.107 0.089 0.163 0.054 0.204 0.239 0.215 0.123 0.110 0.070 0.057 0.174 0.258 0.091
LT 0.000 0.115 0.257 0.049 0.091 0.024 0.258 0.170 0.239 0.084 0.096 0.016 0.208 0.046 0.266

FHT: free hamstring tendon, HT-PTI: preserved tibial-insertion hamstring tendon, CV%: The percent of cartilage volume changing, KOOS: Knee Injury and Osteoarthritis Outcome Score,
ADL: activities of daily living, Sports/rec: sport and recreation function, QoL: quality of life.
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Table A3. Correlation between value CV% and T2 value of each cartilage sub-region after operation (r value).

6-Month 12-Month 24-Month 60-Month
Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI Total FHT HT-PTI
(n=37) (n=19) (n=18) (n=37) (n=19) (n=18) (n=37) (n=19) (n=18) (n=37) (n=19) (n=18)
P —0.048 —0.371 —-0.223 —0.106 —0.140 —0.159 —0.266 —0.362 —0.143 —0.421 —-0.392 —0.012
TrF —0.458 —0.267 —0.305 —0.501 —0.420 —0.048 —0.142 —0.332 —0.325 —0.179 —0.366 —0.561
aMFC —0.230 —0.207 —0.240 —0.541 —0.099 —0.207 —0.190 —0.436 —0.560 —0.569 —0.532 —0.523
aLFC —0.545 —0.111 —0.496 —0.288 —0.024 —0.063 —0.075 —0.141 —0.322 —0.578 —0.102 —0.339
pMEC —0.304 —0.151 —0.046 —0.156 —0.555 —0.586 —0.319 —0.049 —0.453 —0.029 —0.355 —0.169
pLEC —0.495 —0.590 -0.177 —0.105 —0.352 —0.085 —0.564 —0.380 —0.043 -0.227 —0.588 —0.448
MT —0.489 —0.357 —0.302 —0.366 —0.544 —0.364 —0.287 —0.497 —0.065 —0.094 —0.544 —0.334
LT —0.281 —0.358 —0.429 —-0.493 —0.493 —0.331 —0.532 —0.456 —0.431 -0.277 —0.537 —0.567

FHT: free hamstring tendon, HT-PTI: preserved tibial-insertion hamstring tendon, CV%: The percent of cartilage volume changing.
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