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Abstract

Purpose

The present study evaluated changes in bone tracer uptake (BTU) after medial open-wedge

high tibial osteotomy (MOWHTO) and determined whether postoperative BTU correlates

with clinical symptoms, radiologic parameters, or cartilage regeneration following MOWHTO.

Methods

A total of 210 knees underwent MOWHTO for medial compartmental osteoarthritis (OA)

were enrolled in this study. Mean follow-up period was 42.7 months. We assessed BTU for

the medial compartment of the knee before MOWHTO and at the time of plate removal.

Radiologic parameters included Kellgren-Lawrence (K-L) grade and Hip-Knee-Ankle angle

(HKAA). Clinical evaluation included American Knee Society (AKS) score and cartilage sta-

tus was graded at the time of MOWHTO and second-look arthroscopy according to the

International Cartilage Repair Society (ICRS) grading system and articular cartilage regen-

eration stage. Statistical analysis performed to assess the relationships among postopera-

tive BTU of the medial compartment, radiologic parameters, arthroscopic changes and

clinical outcomes.

Results

BTU of medial femoral condyle and tibial plateau were significantly decreased at 2 years

after MOWHTO (p<0.001). AKS scores and arthroscopic cartilage status were also signifi-

cantly improved following MOWHTO. BMI and postoperative HKAA showed significant cor-

relations with postoperative changes of BTU in uni- and multi-variable analysis. Meanwhile,

postoperative changes of BTU did not show significant correlation with clinical outcomes or

cartilage regeneration following MOWHTO.

Conclusion

Lower BMI and postoperative valgus alignment were significant predictor for postoperative

BTU decrease of the medial compartment following MOWHTO. However, postoperative
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changes of BTU did not reflect cartilage regeneration or clinical outcomes until the midterm

follow-up.

1. Introduction

Medial open-wedge high tibial osteotomy (MOWHTO) is an established treatment for patients

with medial compartment knee arthritis combined with varus malalignment [1–4]. Because

MOWHTO reduces medial contact pressure by shifting the weight bearing axis from medial

to the lateral compartment [5–7], the clinical outcomes after MOWHTO are dependent on the

accurate correction of the lower limb alignment according to the preoperative plan [8–10].

Bone scintigraphy has been shown to be useful as part of reflecting knee joint loading pat-

tern [11]. Moreover, bone tracer uptake (BTU) is significantly correlated with mechanical and

anatomical alignment of the limb as well as with the degree of osteoarthritis [12]. Thus, it pro-

vides great benefits for the assessment of patients after realignment procedure such as

MOWHTO [13]. Additionally, bone scintigraphy is sensitive because it reflects the early physi-

ological changes of joints, such as increased blood flow and bone metabolism [14]. Consider-

ing the theoretical advantages of bone scintigraphy, our institution has started to use this

modality before and after MOWHTO to intuitively identify the effect of MOWHTO in

patients with OA, because simple radiographs have limited information to reflect the effect of

the operation. Despite of potential and clinical usefulness of bone scintigraphy, there is few

reports on correlation with postoperative clinical symptoms, radiologic parameters, or carti-

lage regeneration following MOWHTO [15].

Therefore, we evaluated changes in BTU following MOWHTO and determined whether

postoperative BTU correlates with clinical symptoms, radiologic parameters, or cartilage

regeneration. Considering that BTU reflects the loading pattern of the knee joint [11, 12], we

hypothesized that medial compartment BTU decreases after MOWHTO, and may correlate

with postoperative clinical outcomes and cartilage regeneration.

2. Materials and methods

2.1 Inclusion and exclusion criteria

The present study was retrospectively collected clinical data from consecutive patients who

underwent MOWHTO at our institute from Apr 2013 to Dec 2018. Written informed consent

was obtained, and the study protocol was approved by ethics board of Kyung Hee University

Hospital at Gangdong (KHNMC 2021-01-048). The inclusion criteria for this study were

patients with symptomatic medial compartmental osteoarthritis (OA) with varus malalign-

ment needing to be corrected (more than 5 degrees). Exclusion criteria were as follows:

patients (1) had secondary OA such as hemophilic arthropathy, osteonecrosis, joint infection

and posttraumatic OA, (2) did not have second-look arthroscopy after MOWHTO, (3) did not

have bone scintigraphy prior to initial surgery and at plate removal.

2.2 Surgical technique

All patients were operated by a single senior surgeon and received arthroscopic examination at

the time of MOWHTO, and the procedure included exploration of the intra-articular struc-

tures, removal of loose bodies, and partial meniscectomy for meniscal tears. After arthroscopy,

bi-plane osteotomy was carefully performed and the osteotomy gap was determined according
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to preoperative planning under image intensification [16]. The degree of correction was

adjusted by aiming for the mechanical axis near a point at 62.5% of the tibial plateau from the

medial edge depending on the arthroscopic cartilage status [17]. We aimed the weight bearing

line about 62.5% into the lateral tibial plateau to result in 3˚- 4˚ degrees valgus in advanced

arthritis cases. In early arthritic knees, the correction was aimed at shifting the mechanical axis

to 50%-60% from the medial edge of plateau [18]. Fixation was carried out through a medial

locked plate system (TomoFix1; DePuy Synthes, Solothurn, Switzerland). Partial weight-bear-

ing with a crutch typically began on the first postoperative day. Full weight bearing was

allowed at postoperative 6 weeks. Almost all patients had same rehabilitation protocol follow-

ing MOWHTO. Patients were generally recommended to remove the plate with second-look

arthroscopy at postoperative 2 years. Arthroscopic procedure was concomitantly performed at

the time of plate removal to evaluate the status of knee joint as well as to clean up if necessary.

[1, 10, 16, 18–20]

2.3 Bone scintigraphy

Bone scintigraphy was conducted before MOWHTO and at the time of the plate removal. The

delayed image was obtained 3 to 4 hours after the injection of 925 MBq 99mTc-methylene

diphosphonate (MDP) using a dual-head gamma camera (Discovery NM 630, GE, USA)

equipped with a low-energy high-resolution collimator. The spot images centered on the knee

were subsequently acquired in a 256 x 256 matrix up to 300,000 counts. The tracer count mea-

surement within the ROIs was analyzed by the vendor-provided software (Xeleris 4.0, GE,

USA). For reference measurement, a standard region of interest (ROI) with a diameter of 2 cm

was positioned centrally in the distal femur 10 cm above the joint space [21]. BTU was calcu-

lated by dividing maximal tracer uptake in the ROI of each region by the average tracer uptake

in the reference ROI for quantification [15]. Routine analysis of bone scintigraphy were evalu-

ated in the department of nuclear medicine.

2.4 Evaluation criteria

Regular follow-up evaluation was performed at the outpatient department at 6 weeks, 3

months, and 1 year after surgery and annually from then on. Bilateral standing anteroposterior

and lateral radiographs of the knee and lower extremity scanography were assessed before

MOWHTO and every follow-up periods. Radiologic evaluation included Kellgren-Lawrence

grade [22], Hip-Knee-Ankle angle (HKAA,� 180˚ was defined as valgus deformity) [23], cor-

rection angle [24], and posterior tibial slope angle (PTSA) [25, 26]. All measurements were

taken using a picture archiving and communication system (PiViewSTAR, INFINITT Co,

Seoul, Korea). For arthroscopic evaluation, medial femoral condyle and medial tibial plateau

were evaluated at the time of MOWHTO and second-look arthroscopy according to the Inter-

national Cartilage Repair Society (ICRS) grading system [27] and articular cartilage regenera-

tion was classified by the macroscopic staging system because cartilage regeneration has been

identified after MOWHTO based on previous studies. [16, 19, 20]. The American Knee Society

(AKS) score [28] was used for clinical evaluation. To assess the relative factors influencing

postoperative BTU of medial compartment, we analyzed the relationship between postopera-

tive BTU and perioperative variables (sex, age, body mass index (BMI), radiographic values

and clinical score).

2.5 Statistical analysis

The SPSS software version 23 (IBM Corp, Armonk, NY) was used for statistical analysis with a

significance threshold of P< 0.05. All dependent variables were tested for normality of
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distribution and equality of variance using the Kolmogorov-Smirnov test. The paired t-test

was used to analyze normal-distributions. Categorical data were analyzed using the chi-square

or Fisher’s exact test. Univariable and multivariable regression analyses were performed to

identify factors that influenced postoperative BTU. One-way ANOVA was used to assess the

correlation between postoperative BTU and cartilage regeneration. A post-hoc power analysis

using G�Power 3.1.9 was used to calculate the overall statistical power of the present study

[29]. A post hoc power calculation was also conducted to estimate the minimum sample size

required to achieve a power of 80% at 5% alpha level [29]. The post hoc power analysis showed

that our tests were overpowered achieved greater than 90% power.; the effect size for BTU of

medial femoral condyle and medial tibial plateau was 0.34 and 0.27, respectively, achieving a

power of 0.99 for both sides based on 210 cases at 5% alpha level.

3. Results

A total of 210 knees were enrolled in the current study and the demographics were summa-

rized in Fig 1 and Table 1. The radiologic parameters, clinical outcomes, ICRS grade and BTU

in bone scintigraphy were compared preoperatively and postoperatively (Figs 2, 3 and

Table 2). BTU of medial femoral condyle and medial tibial plateau was significantly decreased

at 2 years after MOWHTO (P<0.001). Univariable regression analysis showed that BMI, post-

operative HKAA and correction angle were associated with postoperative BTU in bone scin-

tigraphy. In multivariable regression analysis, BMI and postoperative HKAA were related to

postoperative BTU (Table 3). Lower BMI and larger postoperative HKAA (valgus alignment)

showed a significant predictor for the lower postoperative BTU. However, there was no corre-

lation between clinical scores and postoperative BTU. Moreover, there was no significant rela-

tionship between cartilage regeneration and postoperative BTU after MOWHTO (Table 4).

4. Discussion

The main finding of the current study is that BTU significantly decreased in medial femoral

condyle and medial tibial plateau at 2 years after MOWHTO. Moreover, we found that lower

BMI and postoperative valgus alignment were significantly related to postoperative BTU

decrease of the medial compartment. However, BTU decrease in medial femoral condyle and

medial tibial plateau following MOWHTO were not correlated with clinical outcomes or

arthroscopic cartilage improvement until the midterm follow-up.

Fig 1. Flow diagram showing the number of knees that met the study criteria.

https://doi.org/10.1371/journal.pone.0257315.g001
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Bone scintigraphy reflects the specific loading pattern of knee with regard to its alignment

[11, 12, 30], thus postoperative changes of bone scintigraphy following MOWHTO would be

helpful for understanding the mechanism of improvement. However, only few studies

reported regarding BTU changes after MOWHTO and it was significantly decreased [15, 30].

Similarly, they analyzed BTU in medial compartment as a whole structure which would be

divided into femoral condyle and tibial plateau. On the contrary, current study has a consistent

time for assessing postoperative BTU such as postoperative 2 years at the time of scheduled

plate removal. Moreover, we assessed BTU of both femoral condyle and tibial plateau in

medial compartment independently. Finally, we observed BTU decreased in medial femoral

condyle and medial tibial plateau following MOWHTO. Because MOWHTO leads to decom-

pression of medial compartment by shifting the load to the lateral compartment through the

valgization of the tibia [30, 31], postoperative BTU might decrease in medial femoral condyle

and medial tibial plateau. Moreover, lower BMI and larger postoperative HKAA (valgus align-

ment) were significant predictors for the BTU decrease of the medial compartment in the cur-

rent study. We understand that these predictors would be correlated with the amount of joint

loading [32, 33]. High BMI produces a chronic overload in the knee joint that is followed by

Table 1. Patient characteristics.

Variables Data (95% CI)

Patients 210

Sex (male/female) 42/168

Mean age (years) 57.5 ± 6.1 (56.514, 58.299)

BMI (kg/m2) 26.1 ± 2.8 (25.708, 26.473)

Correction angle (˚) 10.3 ± 2.6 (9.916, 10.647)

Follow-up period (months) 42.7 ± 17.1 (39.395, 43.956)

Interval between the first- and second-look arthroscopy (months) 26.2 ± 5.1 (25.533, 26.945)

Values are given as No. or mean ± SD.

BMI, body mass index; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0257315.t001

Fig 2. (A) Preoperative (left) and postoperative 2 years (right) standing anteroposterior radiographs of left knee in a

65-year-old female with patient. (B) Preoperative (left) lower extremity orthogram showed 6˚ varus of left lower limb

and postoperative 2 years (right) radiograph showed 3.5˚ valgus of left lower limb alignment.

https://doi.org/10.1371/journal.pone.0257315.g002
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progressive degeneration [34]. Also, HKAA is a key determinant of load distribution of the

knee joint that may contribute to the progression of OA [35]. Therefore, BMI and postopera-

tive HKAA would be considered important factors for effective decompression of medial com-

partment after MOWHTO.

Previous studies have demonstrated that symptom of knee joint was correlated with BTU

after MOWHTO [15, 30]. However, those studies had some limitations such as relatively small

sample size and inconsistent time in performing postoperative bone scintigraphy. Meanwhile,

we conducted our study with enough number of patients and regularly assessed postoperative

bone scintigraphy at 2 years after MOWHTO for plate removal. In addition, current study

showed that BTU in medial compartment after MOWHTO was not correlated with postopera-

tive clinical outcomes at midterm follow-up. Clinical outcomes after MOWHTO may depend

on multiple factors such as sex, race, degree of arthritis, level of physical activity, patient’s indi-

vidual pain perception and obesity [34, 36]. Because bone scintigraphy mainly reflects the

Fig 3. Preoperative (left) BTU of MFC (medial femoral condyle) and MTP (medial tibia plateau) were

significantly decreased at 2 years (right) after MOWHTO (medial open-wedge high tibial osteotomy) with

adequate correction.

https://doi.org/10.1371/journal.pone.0257315.g003

Table 2. Comparison of radiologic, clinical outcomes, arthroscopic findings and BTU in bone scintigraphy preoperatively and postoperatively.

Preoperative Postoperative p-value (95% CI)

Radiologic outcomes
K-L grade (1/2/3/4) 0/110/90/10 3/102/92/13 0.535

FTA (˚) 181.6 ± 2.7 171.4 ± 1.5 <0.001 (9.907, 10.618)

PTSA(˚) 7.9 ± 3.8 9.7 ± 4.3 <0.001 (-2.348, -1.276)

Clinical outcomes
AKS knee score 58.7 ± 5.2 94.5 ± 2.1 <0.001 (-36.462, -33.118)

AKS function score 61.3 ± 6.5 93.8 ± 5.4 <0.001(-32.132, -29.867)

ICRS grade
(MFC, Grade 1 / Grade 2 / Grade 3 / Grade 4) 0/34/99/77 (first-look) 11/74/81/44 (second-look) <0.001

(MTP, Grade 1 / Grade 2 / Grade 3 / Grade 4) 0/101/59/50 (first-look) 37/110/33/30 (second-look) <0.001

BTU
MFC 8.7 ± 5.6 3.4 ± 1.7 < 0.001 (4.699, 5.962)

MTP 7.0 ± 5.2 3.5 ± 1.7 < 0.001 (2.858, 4.062)

Values are given as No. or mean ± SD.

K-L grade, Kellgren-Lawrence grade; FTA, femorotibial angle; AKS, American Knee Society knee score; ICRS, International Cartilage Repair Society; MFC, medial

femoral condyle; MTP, medial tibial plateau; BTU, bone tracer uptake; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0257315.t002
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specific loading pattern of knee associated with its alignment [11, 12, 30], we believe that iso-

late postoperative BTU could not directly reflect clinical outcomes. Moreover, while bone scin-

tigraphy performed at postoperative 2 years, it was compared to the latest clinical outcomes

(mean 42.7 months). Therefore, we think postoperative bone scintigraphy cannot predict later

outcomes. Meanwhile, there were studies reported that clinical outcome was not correlated

with cartilage regeneration [16, 19, 37]. Our finding also indicates that there was no correlation

between cartilage regeneration and postoperative BTU. After all, considering our results, the

decrease in BTU after MOWHTO seems simply reflection of lateral joint shifting after

MOWHTO but does not reflect postoperative clinical or arthroscopic improvement.

Despite the informative results, there are some limitations. First, bone scintigraphy is 2D

planar and cannot provide exact anatomical location unlike SPECT/CT. However, we per-

formed bone scintigraphy in same protocol with identical position. Second, the result of study

was based on female predominance because prevalence of knee OA in women is much higher

in East Asia [38]. Male predominant or Western cohort may show more or less different

Table 3. Univariable and multivariable postoperative BTU analysis of the medial compartment.

Variable MFC MTP

P-value

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

Sex 0.332 0.707

Age 0.802 0.788

BMI 0.073 <0.001 0.039 0.001

Preoperative
K-L grade 0.841 0.779

FTA 0.522 0.110

PTSA 0.822 0.785

Postoperative
Correction angle 0.022 0.719 0.061 0.331

FTA <0.001 <0.001 <0.001 <0.001

PTSA 0.110 0.213

AKS knee 0.747 0.197

AKS function 0.932 0.621

BMI, body mass index; K-L grade, Kellgren-Lawrence grade; FTA, femorotibial angle; PTSA, posterior tibial slope angle; AKS, American Knee Society knee score.

https://doi.org/10.1371/journal.pone.0257315.t003

Table 4. Comparison of postoperative BTU (bone tracer uptake) and cartilage regeneration.

Stage A Stage B Stage C p-value

No regeneration Partial regeneration Total regeneration

MFC

Total, % 45(21.4) 107(51.0) 58(27.6)

BTU 3.9 ± 1.8 3.3 ± 1.5 3.2 ± 2.0 0.111

MTP

Total, % 77(36.7) 91(43.3) 42(20.0.4)

BTU 3.4 ± 1.4 3.5 ± 1.7 3.6 ± 2.4 0.834

Values are presented as No. (%).

MFC, medial femoral condyle; MTP, medial tibia plateau.

One way ANOVA was used to compare postoperative BTU with stage of articular cartilage regeneration.

https://doi.org/10.1371/journal.pone.0257315.t004
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results. Third, mean follow-up period was not long. However, average 42.7 months follow-up

would be enough to reflect the mid-term results of MOWHTO. Long-term follow-up studies

might be interesting to confirm gradual changes of BTU and its relevance on the outcomes.

5. Conclusion

Lower BMI and postoperative valgus alignment were significant predictor for postoperative

BTU decrease of the medial compartment following MOWHTO. However, postoperative

changes of BTU did not reflect cartilage regeneration or clinical outcomes until the midterm

follow-up. Therefore, the clinical relevance of the results of the bone scintigraphy following

MOWHTO remains unclear.
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using an internal plate fixator in patients with medial-compartment gonarthritis and varus malalignment:

3-year results with regard to preoperative arthroscopic and radiographic findings. Arthroscopy: The

Journal of Arthroscopic & Related Surgery. 2010; 26(12):1607–16. https://doi.org/10.1016/j.arthro.

2010.05.006 PMID: 20926232

3. Matsushita T, Watanabe S, Araki D, Nagai K, Hoshino Y, Kanzaki N, et al. Differences in preoperative

planning for high-tibial osteotomy between the standing and supine positions. Knee surgery & related

research. 2021; 33(1):8. Epub 2021/03/03. https://doi.org/10.1186/s43019-021-00090-7 PMID:

33648604; PubMed Central PMCID: PMC7923465.

PLOS ONE Does postoperative bone scintigraphy reflect outcomes following MOWHTO?

PLOS ONE | https://doi.org/10.1371/journal.pone.0257315 September 14, 2021 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257315.s001
https://doi.org/10.1053/jars.2002.35258
http://www.ncbi.nlm.nih.gov/pubmed/12209429
https://doi.org/10.1016/j.arthro.2010.05.006
https://doi.org/10.1016/j.arthro.2010.05.006
http://www.ncbi.nlm.nih.gov/pubmed/20926232
https://doi.org/10.1186/s43019-021-00090-7
http://www.ncbi.nlm.nih.gov/pubmed/33648604
https://doi.org/10.1371/journal.pone.0257315


4. Na YG, Lee BK, Choi JU, Lee BH, Sim JA. Change of joint-line convergence angle should be consid-

ered for accurate alignment correction in high tibial osteotomy. Knee surgery & related research. 2021;

33(1):4. Epub 2021/01/13. https://doi.org/10.1186/s43019-020-00076-x PMID: 33431062; PubMed

Central PMCID: PMC7798206.

5. Lee SC, Am Jung K, Nam CH, Jung SH, Hwang SH. The short-term follow-up results of open wedge

high tibial osteotomy with using an Aescula open wedge plate and an allogenic bone graft: the minimum

1-year follow-up results. Clinics in orthopedic surgery. 2010; 2(1):47. https://doi.org/10.4055/cios.2010.

2.1.47 PMID: 20191001

6. Sterett WI, Steadman JR. Chondral resurfacing and high tibial osteotomy in the varus knee. The Ameri-

can journal of sports medicine. 2004; 32(5):1243–9. https://doi.org/10.1177/0363546503259301 PMID:

15262649

7. Kim HJ, Shin JY, Lee HJ, Park KH, Jung CH, Kyung HS. Can medial stability be preserved after open

wedge high tibial osteotomy? Knee surgery & related research. 2020; 32(1):51. Epub 2020/10/03.

https://doi.org/10.1186/s43019-020-00071-2 PMID: 33004073; PubMed Central PMCID:

PMC7531106.

8. Bito H, Takeuchi R, Kumagai K, Aratake M, Saito I, Hayashi R, et al. A predictive factor for acquiring an

ideal lower limb realignment after opening-wedge high tibial osteotomy. Knee Surgery, Sports Trauma-

tology, Arthroscopy. 2009; 17(4):382–9. https://doi.org/10.1007/s00167-008-0706-8 PMID: 19183959

9. El-Azab HM, Morgenstern M, Ahrens P, Schuster T, Imhoff AB, Lorenz SG. Limb alignment after open-

wedge high tibial osteotomy and its effect on the clinical outcome. Orthopedics. 2011; 34(10):e622–e8.

https://doi.org/10.3928/01477447-20110826-02 PMID: 21956056

10. Jung W-H, Takeuchi R, Chun C-W, Lee J-S, Jeong J-H. Comparison of results of medial opening-

wedge high tibial osteotomy with and without subchondral drilling. Arthroscopy: The Journal of Arthro-

scopic & Related Surgery. 2015; 31(4):673–9.

11. Hirschmann MT, Schön S, Afifi FK, Amsler F, Rasch H, Friederich NF, et al. Assessment of loading his-

tory of compartments in the knee using bone SPECT/CT: A study combining alignment and 99mTc-

HDP tracer uptake/distribution patterns. Journal of Orthopaedic Research. 2013; 31(2):268–74. https://

doi.org/10.1002/jor.22206 PMID: 22886713

12. Kraus VB, McDaniel G, Worrell TW, Feng S, Vail TP, Varju G, et al. Association of bone scintigraphic

abnormalities with knee malalignment and pain. Annals of the rheumatic diseases. 2009; 68(11):1673–

9. https://doi.org/10.1136/ard.2008.094722 PMID: 18981032

13. Mucha A, Dordevic M, Testa EA, Rasch H, Hirschmann MT. Assessment of the loading history of

patients after high tibial osteotomy using SPECT/CT-a new diagnostic tool and algorithm. Journal of

orthopaedic surgery and research. 2013; 8(1):1–9.

14. Kim H-R, So Y, Moon S-G, Lee I-S, Lee S-H. Clinical value of 99mTc-methylene diphosphonate (MDP)

bone single photon emission computed tomography (SPECT) in patients with knee osteoarthritis. Oste-

oarthritis and cartilage. 2008; 16(2):212–8. https://doi.org/10.1016/j.joca.2007.05.025 PMID: 17662626

15. Goshima K, Sawaguchi T, Shigemoto K, Iwai S, Nakanishi A, Ueoka K. Assessment of unloading

effects after open wedge high tibial osteotomy using quantitative bone scintigraphy. Journal of Ortho-

paedic Science. 2019; 24(4):680–5. https://doi.org/10.1016/j.jos.2018.12.020 PMID: 30630766

16. Kim K-I, Seo M-C, Song S-J, Bae D-K, Kim D-H, Lee SH. Change of chondral lesions and predictive fac-

tors after medial open-wedge high tibial osteotomy with a locked plate system. The American journal of

sports medicine. 2017; 45(7):1615–21. https://doi.org/10.1177/0363546517694864 PMID: 28291955

17. Fujisawa Y, Masuhara K, Shiomi S. The effect of high tibial osteotomy on osteoarthritis of the knee. An

arthroscopic study of 54 knee joints. The Orthopedic clinics of North America. 1979; 10(3):585–608.

PMID: 460834

18. Kim K-I, Bae J-K, Jeon S-W, Kim GB. Medial Meniscus Posterior Root Tear Does Not Affect the Out-

come of Medial Open-Wedge High Tibial Osteotomy. The Journal of Arthroplasty. 2021; 36(2):423–8.

https://doi.org/10.1016/j.arth.2020.08.067 PMID: 32978022

19. Jung W-H, Takeuchi R, Chun C-W, Lee J-S, Ha J-H, Kim J-H, et al. Second-look arthroscopic assess-

ment of cartilage regeneration after medial opening-wedge high tibial osteotomy. Arthroscopy: The

Journal of Arthroscopic & Related Surgery. 2014; 30(1):72–9. https://doi.org/10.1016/j.arthro.2013.10.

008 PMID: 24384273

20. Koshino T, Wada S, Ara Y, Saito T. Regeneration of degenerated articular cartilage after high tibial val-

gus osteotomy for medial compartmental osteoarthritis of the knee. The Knee. 2003; 10(3):229–36.

https://doi.org/10.1016/s0968-0160(03)00005-x PMID: 12893144

21. Buck FM, Hoffmann A, Hofer B, Pfirrmann CW, Allgayer B. Chronic medial knee pain without history of

prior trauma: correlation of pain at rest and during exercise using bone scintigraphy and MR imaging.

Skeletal radiology. 2009; 38(4):339–47. https://doi.org/10.1007/s00256-008-0627-0 PMID: 19050867

PLOS ONE Does postoperative bone scintigraphy reflect outcomes following MOWHTO?

PLOS ONE | https://doi.org/10.1371/journal.pone.0257315 September 14, 2021 9 / 10

https://doi.org/10.1186/s43019-020-00076-x
http://www.ncbi.nlm.nih.gov/pubmed/33431062
https://doi.org/10.4055/cios.2010.2.1.47
https://doi.org/10.4055/cios.2010.2.1.47
http://www.ncbi.nlm.nih.gov/pubmed/20191001
https://doi.org/10.1177/0363546503259301
http://www.ncbi.nlm.nih.gov/pubmed/15262649
https://doi.org/10.1186/s43019-020-00071-2
http://www.ncbi.nlm.nih.gov/pubmed/33004073
https://doi.org/10.1007/s00167-008-0706-8
http://www.ncbi.nlm.nih.gov/pubmed/19183959
https://doi.org/10.3928/01477447-20110826-02
http://www.ncbi.nlm.nih.gov/pubmed/21956056
https://doi.org/10.1002/jor.22206
https://doi.org/10.1002/jor.22206
http://www.ncbi.nlm.nih.gov/pubmed/22886713
https://doi.org/10.1136/ard.2008.094722
http://www.ncbi.nlm.nih.gov/pubmed/18981032
https://doi.org/10.1016/j.joca.2007.05.025
http://www.ncbi.nlm.nih.gov/pubmed/17662626
https://doi.org/10.1016/j.jos.2018.12.020
http://www.ncbi.nlm.nih.gov/pubmed/30630766
https://doi.org/10.1177/0363546517694864
http://www.ncbi.nlm.nih.gov/pubmed/28291955
http://www.ncbi.nlm.nih.gov/pubmed/460834
https://doi.org/10.1016/j.arth.2020.08.067
http://www.ncbi.nlm.nih.gov/pubmed/32978022
https://doi.org/10.1016/j.arthro.2013.10.008
https://doi.org/10.1016/j.arthro.2013.10.008
http://www.ncbi.nlm.nih.gov/pubmed/24384273
https://doi.org/10.1016/s0968-0160%2803%2900005-x
http://www.ncbi.nlm.nih.gov/pubmed/12893144
https://doi.org/10.1007/s00256-008-0627-0
http://www.ncbi.nlm.nih.gov/pubmed/19050867
https://doi.org/10.1371/journal.pone.0257315


22. Kellgren J, Lawrence J. Radiological assessment of osteo-arthrosis. Annals of the rheumatic diseases.

1957; 16(4):494. https://doi.org/10.1136/ard.16.4.494 PMID: 13498604

23. Nakajima A, Sonobe M, Akatsu Y, Aoki Y, Takahashi H, Suguro T, et al. Association between limb align-

ment and patient-reported outcomes after total knee arthroplasty using an implant that reproduces ana-

tomical geometry. Journal of orthopaedic surgery and research. 2018; 13(1):1–8. https://doi.org/10.

1186/s13018-017-0693-x PMID: 29298726

24. Staubli AE, De Simoni C, Babst R, Lobenhoffer P. TomoFix: a new LCP-concept for open wedge osteot-

omy of the medial proximal tibia–early results in 92 cases. Injury. 2003; 34:55–62. https://doi.org/10.

1016/j.injury.2003.09.025 PMID: 14580986

25. Giffin JR, Vogrin TM, Zantop T, Woo SL, Harner CD. Effects of increasing tibial slope on the biomechan-

ics of the knee. The American journal of sports medicine. 2004; 32(2):376–82. https://doi.org/10.1177/

0363546503258880 PMID: 14977661

26. LaPrade RF, Barrera Oro F, Ziegler CG, Wijdicks CA, Walsh MP. Patellar height and tibial slope after

opening-wedge proximal tibial osteotomy: a prospective study. The American journal of sports medi-

cine. 2010; 38(1):160–70. https://doi.org/10.1177/0363546509342701 PMID: 19767536

27. Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. JBJS. 2003; 85(suppl_2):58–69.

https://doi.org/10.2106/00004623-200300002-00008 PMID: 12721346

28. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical rating system. Clinical

orthopaedics and related research. 1989;(248):13–4. PMID: 2805470

29. Zhang Y, Hedo R, Rivera A, Rull R, Richardson S, Tu XMJGp. Post hoc power analysis: is it an informa-

tive and meaningful analysis? 2019; 32(4). https://doi.org/10.1136/gpsych-2019-100069 PMID:

31552383

30. Mucha A, Dordevic M, Hirschmann A, Rasch H, Amsler F, Arnold MP, et al. Effect of high tibial osteot-

omy on joint loading in symptomatic patients with varus aligned knees: a study using SPECT/CT. Knee

Surgery, Sports Traumatology, Arthroscopy. 2015; 23(8):2315–23. https://doi.org/10.1007/s00167-

014-3053-y PMID: 24817166

31. Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P. The effects of valgus medial opening

wedge high tibial osteotomy on articular cartilage pressure of the knee: a biomechanical study. Arthros-

copy: The Journal of Arthroscopic & Related Surgery. 2007; 23(8):852–61. https://doi.org/10.1016/j.

arthro.2007.05.018 PMID: 17681207

32. Aaboe J, Bliddal H, Messier S, Alkjaer T, Henriksen M. Effects of an intensive weight loss program on

knee joint loading in obese adults with knee osteoarthritis. Osteoarthritis and Cartilage. 2011; 19

(7):822–8. https://doi.org/10.1016/j.joca.2011.03.006 PMID: 21440076

33. Jud L, Roth T, Fürnstahl P, Vlachopoulos L, Sutter R, Fucentese SF. The impact of limb loading and the

measurement modality (2D versus 3D) on the measurement of the limb loading dependent lower

extremity parameters. BMC Musculoskeletal Disorders. 2020; 21(1):1–9. https://doi.org/10.1186/

s12891-020-03449-1 PMID: 32605616

34. Spahn G, Kirschbaum S, Kahl E. Factors that influence high tibial osteotomy results in patients with

medial gonarthritis: a score to predict the results. Osteoarthritis and cartilage. 2006; 14(2):190–5.

https://doi.org/10.1016/j.joca.2005.08.013 PMID: 16275143

35. Tetsworth K, Paley D. Malalignment and degenerative arthropathy. Orthopedic Clinics of North Amer-

ica. 1994; 25(3):367–78. PMID: 8028880

36. Meidinger G, Imhoff AB, Paul J, Kirchhoff C, Sauerschnig M, Hinterwimmer S. May smokers and over-

weight patients be treated with a medial open-wedge HTO? Risk factors for non-union. Knee Surgery,

Sports Traumatology, Arthroscopy. 2011; 19(3):333–9. https://doi.org/10.1007/s00167-010-1335-6

PMID: 21153542

37. Bonasia DE, Dettoni F, Sito G, Blonna D, Marmotti A, Bruzzone M, et al. Medial opening wedge high tib-

ial osteotomy for medial compartment overload/arthritis in the varus knee: prognostic factors. The

American journal of sports medicine. 2014; 42(3):690–8. https://doi.org/10.1177/0363546513516577

PMID: 24449807

38. Koh IJ, Kim MW, Kim JH, Han SY, In Y. Trends in high tibial osteotomy and knee arthroplasty utiliza-

tions and demographics in Korea from 2009 to 2013. The Journal of arthroplasty. 2015; 30(6):939–44.

https://doi.org/10.1016/j.arth.2015.01.002 PMID: 25639855

PLOS ONE Does postoperative bone scintigraphy reflect outcomes following MOWHTO?

PLOS ONE | https://doi.org/10.1371/journal.pone.0257315 September 14, 2021 10 / 10

https://doi.org/10.1136/ard.16.4.494
http://www.ncbi.nlm.nih.gov/pubmed/13498604
https://doi.org/10.1186/s13018-017-0693-x
https://doi.org/10.1186/s13018-017-0693-x
http://www.ncbi.nlm.nih.gov/pubmed/29298726
https://doi.org/10.1016/j.injury.2003.09.025
https://doi.org/10.1016/j.injury.2003.09.025
http://www.ncbi.nlm.nih.gov/pubmed/14580986
https://doi.org/10.1177/0363546503258880
https://doi.org/10.1177/0363546503258880
http://www.ncbi.nlm.nih.gov/pubmed/14977661
https://doi.org/10.1177/0363546509342701
http://www.ncbi.nlm.nih.gov/pubmed/19767536
https://doi.org/10.2106/00004623-200300002-00008
http://www.ncbi.nlm.nih.gov/pubmed/12721346
http://www.ncbi.nlm.nih.gov/pubmed/2805470
https://doi.org/10.1136/gpsych-2019-100069
http://www.ncbi.nlm.nih.gov/pubmed/31552383
https://doi.org/10.1007/s00167-014-3053-y
https://doi.org/10.1007/s00167-014-3053-y
http://www.ncbi.nlm.nih.gov/pubmed/24817166
https://doi.org/10.1016/j.arthro.2007.05.018
https://doi.org/10.1016/j.arthro.2007.05.018
http://www.ncbi.nlm.nih.gov/pubmed/17681207
https://doi.org/10.1016/j.joca.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21440076
https://doi.org/10.1186/s12891-020-03449-1
https://doi.org/10.1186/s12891-020-03449-1
http://www.ncbi.nlm.nih.gov/pubmed/32605616
https://doi.org/10.1016/j.joca.2005.08.013
http://www.ncbi.nlm.nih.gov/pubmed/16275143
http://www.ncbi.nlm.nih.gov/pubmed/8028880
https://doi.org/10.1007/s00167-010-1335-6
http://www.ncbi.nlm.nih.gov/pubmed/21153542
https://doi.org/10.1177/0363546513516577
http://www.ncbi.nlm.nih.gov/pubmed/24449807
https://doi.org/10.1016/j.arth.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25639855
https://doi.org/10.1371/journal.pone.0257315

