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Background

Avg=66.29 Min=25 Max=139
Std.Dev=21.49 Median=65.0
19.95 mm? / 27x27 pixel

*  Unsatisfactory graft healing after ACLR is one of the causes of graft
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*  Furthermore, limited studies have correlated bone tendon healing /o R\ X
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status with clinical outcomes Av=5437 tnezs wocsr PO saveyces 08 wesn-+00l\ L

19.95 mm? / 27x27 pixel
Avg=245.86 Min=87 Max=469

Std.Dev=80.88 Median=222.0

*  Knee stability and patient reported outcome measures (PROMs) are 16,08 nae | 27527 pie

only indirect measures of graft healing

b2

*  While histologic analysis during second look arthroscopy is the gold Hofbauer KSSTA Illlﬂl\\\\\\\\\
standard for graft healing, its invasive nature makes it impractical. ‘ " (x
Therefore, assessment of bone tendon healing mainly rely on imaging 0 g »\); ) g K\_/
modalities A Yo, » S

*  Previous studies have measured tunnel size (3), while others have used
MRI signal to noise quotient (SNQ) as a function of graft maturity (4)
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Background

* Xtreme-CT, is a high resolution peripheral quantitative
CT (HR-pQCT) that is highly sensitive in evaluating bone
mineral density and microarchitecture (5)
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*  Previous animal studies have reported a positive
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correlation between the tendon graft-bone interface
strength and the degree of bony mineralization, and
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tissue maturation at the interface (6)
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* The increase in bone density at the tendon graft-bone
interface, or the “bone shell” on the HR-pQCT, may
reflect the degree of osseous ingrowth and the healing
status of the bone tendon junction
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Obijective

* To devise a novel quantitative assessment of peri-tunnel bone shell
size

* To determine the association of peri-tunnel bone shell size to
functional recovery after ACLR

Hypothesis:

* The bone shell formation at graft-tunnel interface can represent
the extent of bony changes, which reflects the extent of
osteointegration of graft

* The peri-tunnel bone shell size is positively correlated with
functional recovery after ACLR
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24 patients with primary unilateral ACLR performed recruited

Postoperative HR-pQCT (Xtreme CT) was performed in all
patients

Axial cuts of the femoral and tibial tunnels were extracted for
image analysis

The bone shell was traced and the area was then calculated

IKDC scores were charted

Quqdriceps mUSCIe bUIk qssessmen‘r Wi'l'h Ulfrqsonogrqphy Figure 1: CT images of femoral (A, B) and tibial (C, D) tunnels are extracted for

image analysis. The region of interest (ROI) for tunnel area is drawn by tracing the
bone shell (green line in A, C), then a pre-set thresholding values will be applied

(Alxplorer® Ulfrqsound chnner) WGS performed In CI” qulents to select the dark region inside the bone shell as tunnel area (red line in A, C). The

contour of the tunnel area will be dilated for 30 pixels to obtain the ROl for bone
shell measurement (green line in B, D), then another pre-set thresholding values
will be applied to select the bone features as bone shell area (red line in B, D).

/ > 10mm from intra-articular region

> 10mm from extra-articular exit
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Results

Baseline demographics

=24)

Number of Cases (n

33.3 + 5.8 (Range: 24-42)

Age (years)

Bone shell formation occur as early as 0.5 months post ACLR

17 Male; 7 Females
171.9 £10.0

Gender
Height (cm)
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This continued to remodel until @ years post ACLR

785+ 127
25.9 + 4.1
2 weeks-94months

Weight (kg)
BMI
Time post-op

100

40
Time post operation
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Results
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Discussion

«  First study to use high-resolution CT to quantitatively assess peri-
tunnel bone formation

«  The thickness of bone shell formation positively correlated with IKDC
scores

«  Clinical implications: potentially can be used for assessment of bone
tendon junction healing

» Customized rehabilitation program according to healing
» Contribute to evaluation for safe return-to-play after ACLR.

» Help evaluate biological modulation to promote graft healing in
ACLR
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Discussion

* One of the limitations of this technique is the laborious
process of manual image analysis
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* This has led to the development of machine learning to
facilitate the efficiency of this process

°*  We have an ongoing study employing U-Net as a machine
learning algorithm, with a mean pixel accuracy and mean
intersection of union values of the algorithm of 0.95 and
0.77, and precision and recall of 81% and 95%,,

respectively. The time for detection is less than 5 minutes
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Discussion

* U-Net is a convolutional network architecture for fast and precise
segmentation of images without human supervision
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Conclusion

*  Measurement of bone shell formation by high resolution CT

is potentially useful to assess bone tendon junction healing
after ACLR.

* Further development on the machine learning model may
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eventually help clinical follow-up.

/’

%) ISAKOS
2/ CONGRESS
2023

Boston
Massachusetts
June 18-June 21 Page 12



References

1. Ekdahl, Max et al. “Graft healing in anterior cruciate ligament reconstruction.” Knee surgery, sports

traumatology, arthroscopy : official journal of the ESSKA vol. 16,10 (2008): 935-47. doi:10.1007 /s00167-
008-0584-0
2. Freedman, Kevin B et al. “Arthroscopic anterior cruciate ligament reconstruction: a metaanalysis comparing

patellar tendon and hamstring tendon autografts.” The American journal of sports medicine vol. 31,1 (2003): 2-

11. doi:10.1177/03635465030310011501

3. De Beus, Arjan et al. “How to evaluate bone tunnel widening after ACL reconstruction - a critical
review.” Muscles, ligaments and tendons journal vol. 7,2 230-239. 18 Sep. 2017,
doi:10.11138/mltj/2017.7.2.230

4. van Groningen, Bart et al. “Assessment of Graft Maturity After Anterior Cruciate Ligament Reconstruction Using

Autografts: A Systematic Review of Biopsy and Magnetic Resonance Imaging studies.” Arthroscopy, sports
medicine, and rehabilitation vol. 2,4 e377-e388. 16 Jul. 2020, doi:10.1016 /j.asmr.2020.02.008

5. Whittier, D E et al. “Guidelines for the assessment of bone density and microarchitecture in vivo using high-
resolution peripheral quantitative computed tomography.” Osteoporosis international : a journal established as
result of cooperation between the European Foundation for Osteoporosis and the National Osteoporosis

Foundation of the USA vol. 31,9 (2020): 1607-1627. doi:10.1007 /s00198-020-05438-5

6. Rodeo, S A et al. “Tendon-healing in a bone tunnel. A biomechanical and histological study in the dog.” The
Journal of bone and joint surgery. American volume vol. 75,12 (1993): 1795-803. doi:10.2106/00004623-
199312000-00009

Boston
Massachusetts
June 18-June 21 Page 13

8 [SAKOS

” CONGRESS
2023




