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1  High body mass index is a risk factor for unfavorable clinical outcomes after medial

2 meniscus posterior root repair in well-aligned knees
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ABSTRACT

Background: Severe chondral lesions and varus knee alignment are associated with poor

outcomes following transtibial pullout repair for medial meniscus posterior root tears and

meniscus tear is strongly associated with body mass index. The prognostic factors in

well-aligned knees (femorotibial angle < 180°) with mild chondral lesions are unknown.
Therefore, we investigated the prognostic factors in these patients. We hypothesized that high
body mass index would lead to poor clinical outcomes following pullout repair of medial
meniscus posterior root tears.

Methods: We retrospectively reviewed the files of 28 patients who had undergone pullout repair
of medial meniscus posterior root tears between October 2016 and December 2017. We
recorded the baseline characteristics (age, gender, height, weight, body mass index) and the time
between injury and surgery. We recorded the International Knee Documentation Committee
scores, Knee injury and Osteoarthritis Outcome Scores, and pain visual analog scale scores.
Using magnetic resonance imaging preoperatively and one year after surgery, we measured the
medial meniscus body width and absolute and relative medial meniscus extrusion. Pearson
correlation and multivariate linear regression analysis were used to assess potential associations
between these factors and clinical outcomes.

Results: Age positively correlated (coefficient = 0.49, P < 0.01) and body mass index negatively
correlated with the postoperative International Knee Documentation Committee score
(coefficient = —0.64, P < 0.01). In multivariate linear regression analysis, body mass index was a
significant factor leading to poor postoperative International Knee Documentation Committee

score (R*=0.29, P < 0.05).
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Conclusions: Body mass index > 30 kg/m? is a risk factor for poor clinical outcomes following

pullout repair of medial meniscus posterior root tears in well-aligned knees.

Level of evidence: III, comparative retrospective study.
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1. Introduction

In the knee joint, the menisci protect the articular cartilage by cushioning the weight and

absorbing shock during dynamic movement [1]. A medial meniscus posterior root tear (MMPRT)

can result in the inability to transform the axial stress to hoop tension and can affect load

transmission through the meniscus [2]. This leads to a biomechanical state similar to that after

meniscectomy with accelerated degeneration of the articular cartilage [3, 4] after an MMPRT,

medial meniscus extrusion (MME) progresses rapidly within a short time [5]. These findings

suggest that early diagnosis and treatment of MMPRT are important to prevent cartilage

degeneration [5-7].

Many techniques have been described for MMPRT repair. Transtibial pullout repair achieves

satisfactory clinical results [8]. Successful transtibial pullout repair reduces knee pain and

improves activity levels, possibly delaying the progression of knee osteoarthritis [9]. It has been

reported that severe chondral lesions, varus alignment, and old age (>60 years) are risk factors

for poor outcomes of MMPRT transtibial pullout repair [10] and that meniscus tear is

strongly associated with body mass index (BMI) [11]. However, the risk factors affecting the

outcomes in patients with mild cartilage lesions and well-aligned knees (femorotibial angle

(FTA) < 180°) are less well understood.

The purpose of this study was to identify the prognostic factors for poor outcomes following

MMPRT transtibial pullout repair in the well-aligned knee. Thus, we hypothesized that high

BMI might represent a risk for poor clinical outcomes of MMPRT pullout repair in the

well-aligned knees.
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2. Patients and methods

2.1 Patients

This retrospective study was approved by our institutional review board; informed written

consent was obtained from all patients. Thirty-seven patients who underwent MMPRT

transtibial pullout repair between October 2016 and December 2017 at our institution were

included. The inclusion criteria were: (1) early osteoarthritis; (2) FTA < 180°; (3) follow-up

time =1 year; and (4) treatment using a modified Mason-Allen suture with the FAST-FIX™
(Smith & Nephew, London, UK) system, as described previously [12, 13]. The exclusion

criteria were: (1) severe osteoarthritis; (2) FTA > 180°; (3) follow-up time < 1 year; and (4)

concomitant multiple ligament injuries. Two patients were excluded because of multiple

ligament injuries, and seven patients were excluded because of the follow-up time of less than 1

year. Finally, 28 patients were enrolled in our study.

We recorded the baseline characteristics (age, gender, height, weight, BMI) as well as the

time elapsed between injury and surgery (waiting time) for all the patients.

2.2. Clinical outcomes

We assessed the clinical outcomes by comparing the preoperative International Knee

Documentation Committee (IKDC) scores, Knee injury and Osteoarthritis Outcome Scores

(KOOS), Lysholm scores, Tegner activity scores, and the pain visual analog scale (VAS) scores

with the respective scores at the 1-year follow-up.

2.3. Radiographic evaluation
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We used a picture archiving and communication system (FUJIFILM Holdings Corporation,

Tokyo, Japan) to measure the Kellgren-Lawrence grade and FTA on the preoperative

anteroposterior and lateral radiographs. Magnetic resonance imaging (MRI) of the knee was

performed preoperatively and at the 1-year follow-up using the Achieva 1.5 T system (Philips,

Amsterdam, Netherlands) under non-weight-bearing standardized conditions, as described

previously [14]. The MRI-based medial meniscus body width (MMBW) was defined as the

distance from the inner boundary to the outer boundary on a line passing through the anterior

and posterior midpoint of the medial meniscus on a coronal slice. The absolute medial meniscus

extrusion (aMME) was measured between the most medial margin of the meniscus and the most

medial aspect of the tibia. The relative MME (rMME) was calculated using the following

formula: 100 x aMME / MMBW (%) [5].

The MMBW, aMME, and rMME were calculated preoperatively and at the 1-year

follow-up. Two orthopedic surgeons performed each measurement twice with a 2-week interval

between measurements in a blinded manner. Intra- and interobserver reliability for MMBW and

MME were 0.93/0.89 and 0.92/0.88, respectively.

2.4. Statistical analysis

The data were presented as the mean + standard deviation. Statistical analysis was performed

using EZR software (Saitama Medical Center Jichi Medical University, Tochigi, Japan) [15].

The paired t-test and Mann—Whitney U test were used to compare the preoperative and 1-year

postoperative values of the clinical scores. Statistical significance was set at p < 0.05. Pearson

correlation analysis was used to compare the clinical scores with each factor. Multiple linear
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regression analysis was used to analyze the potential correlations between the clinical outcomes

and each factor.

3. Results

The demographic and baseline characteristics of the 28 patients are shown in Table 1. The

clinical outcomes are shown in Table 2. In Table 3. postoperative MME of patients like aMME,

rMME, and MMBW did not change significantly in one year. In the Pearson correlation analysis

(Table 4 and Figure 1), age positively correlated with the IKDC score (coefficient = 0.49, P <

0.01). BMI negatively correlated with the IKDC (coefficient = -0.64, P < 0.01) and Lysholm

(coefficient = -0.40, P < 0.05) scores. Age negatively correlated with the BMI (coefficient =

-0.41, P < 0.05). The time elapsed before surgery did not significantly correlate with the IKDC

or Lysholm scores. The aMME, rMME, and MMBW did not significantly correlate with the

1-year outcomes (Table 4).

In the multivariate linear regression analysis (Table 5), BMI significantly correlated with the
low IKDC score (R?= 0.29, P < 0.05). Patients with BMI > 30 kg/m? had significantly lower
postoperative IKDC scores (44.7 + 11.3) than patients with BMI < 30 kg/m? (68.9 £ 10.2, P <
0.01, power > 0.95). For patients with IKDC scores < 50, the BMI (32.4 + 3.9 kg/m?) was
significantly higher than that for patients with IKDC scores > 50 (26.0 + 2.9 kg/m?, P < 0.01,

power > 0.95; Figure 2).

4. Discussion

The most important finding of this study was that BMI is a significant risk factor leading to
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poor clinical outcomes in well-aligned knees after MMPRT pullout repair. This confirms our

hypothesis.

The contact area and pressure between the femur and the tibia in a knee with an MMPRT are

similar to those in a knee after meniscectomy [16]. Transtibial pullout repair is recommended

for an MMPRT because it restores the pressure, contact area, and even rotation to the pre-injury

levels [2, 17]. A study reported that pullout repair prevented the development of osteoarthritis in

patients during a short-term follow-up, leading to good clinical outcomes [18]. Our results also

suggest that pullout repair achieves good postoperative clinical outcomes after 1 year.

Pullout repair should be performed as early as possible because of MME and cartilage injury

progress rapidly after an MMPRT [14]. In the present study, we believe that the duration of the

waiting time that elapsed between injury and surgery was not related to the 1-year clinical

outcomes because the operations were performed as soon as possible, and MME does not

progress severely over a short time-course [14].

There is a strong relationship between meniscal tears and BMI [19]. As the BMI increases,

the strain and rotational stress in the knee joint also increase, resulting in high risk or high

frequency of meniscus tears [19]. Moreover, high BMI shows a stronger correlation with

MMPRT than with any other type of medial meniscus tears [20]. High BMI was not found to

predict unfavorable clinical outcomes when patients with BMI > 30 kg/m? were excluded in

Korean studies, where there was a comparably low mean BMI [21, 22]. Conversely, high BMI

correlated with worse clinical outcomes in a North American population with a mean BMI of

34.4+7.3 kg/m? [23]. These findings suggest that pullout repair should be carefully considered

in patients with very high BML
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In our study, patients aged less than 60 years tended to have low IKDC scores following

MMPRT pullout repair. This differs from results of previous studies where older age (> 60 years)

was identified as a risk factor for poor outcomes. Older age (> 60 years) was strongly associated

with radial tears of the posterior horn of the medial meniscus [24]. However, studies did not

report a significant relationship between older age and clinical outcomes after meniscal root

repair [9, 22, 25, 26]. A recent systematic review concluded that age a) might be related to

clinical outcomes in the long, but not in the short term, and b) might be a factor related to poor

clinical outcomes; however, it is not a decisive risk factor [27]. In the present study, patients

with high BMI (> 30 kg/m?) tended to have MMPRT from a young age, caused by the increased

load on the posterior root of the medial meniscus.

Extrusion did not correlate with the clinical outcomes when the follow-up time was short

[28]. However, at the 5-year follow-up, reduced meniscus extrusion may lead to more favorable

midterm outcomes after pullout fixation for MMPRTs [29]. In our study, preoperative and

postoperative MME did not significantly correlate with the clinical outcomes. Our findings

suggest that MME is not a prognostic factor in patients with well-aligned knees 1 year after

MMPRT transtibial pullout repair.

There are several limitations to this study. First, it had a retrospective design, the follow-up

period was short, the sample size was relatively small to analyze only patients younger than 60

years, and smoking status could not be analyzed because the number of smokers among patients

was too small (two patients). Second, we did not consider bone morphology in the knee joint

such as a posterior slope of the medial tibial plateau [30]. A long-term follow-up study in a

larger population is needed to validate our findings.
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162 5. Conclusions

163 High BMI (> 30 kg/m?) is a risk factor for poor clinical outcomes following MMPRT pullout
164  repair in the well-aligned knee. Therefore, the indications for pullout repair in patients with high

165  BMI must be carefully considered.

10



166

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

References

[1]. Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P, Clancy M, Felson DT. Incidental
meniscal findings on knee MRI in middle-aged and elderly persons. N Engl J Med2008 Sep
11;359(11):1108-15.

[2]. Allaire R, Muriuki M, Gilbertson L, Harner CD. Biomechanical consequences of a tear of
the posterior root of the medial meniscus. Similar to total meniscectomy. J Bone Joint Surg
Am2008 Sep;90(9):1922-31.

[3]. Vyas D, Harner CD. Meniscus root repair. Sports medicine and arthroscopy review2012
Jun;20(2):86-94.

[4]. Lee DW, Ha JK, Kim JG. Medial meniscus posterior root tear: a comprehensive review.
Knee Surg Relat Res2014 Sep;26(3):125-34.

[5]. Furumatsu T, Kodama Y, Kamatsuki Y, Hino T, Okazaki Y, Ozaki T. Meniscal Extrusion
Progresses Shortly after the Medial Meniscus Posterior Root Tear. Knee Surg Relat Res2017
Dec 1;29(4):295-301.

[6]. Padalecki JR, Jansson KS, Smith SD, Dornan GJ, Pierce CM, Wijdicks CA, LaPrade RF.
Biomechanical Consequences of a Complete Radial Tear Adjacent to the Medial Meniscus
Posterior Root Attachment Site. The American Journal of Sports Medicine2014;42(3):699-707.
[7]. Wenger A, Englund M, Wirth W, Hudelmaier M, Kwoh K, Eckstein F, Investigators OAI.
Relationship of 3D meniscal morphology and position with knee pain in subjects with knee
osteoarthritis: a pilot study. Eur Radiol2012 Jan;22(1):211-20.

[8]. Furumatsu T, Okazaki Y, Kodama Y, Okazaki Y, Masuda S, Kamatsuki Y, Takihira S,
Hiranaka T, Yamawaki T, Ozaki T. Pullout repair using modified Mason-Allen suture induces
better meniscal healing and superior clinical outcomes: A comparison between two surgical
methods. Knee2019 Jun;26(3):653-9.

[9]. LaPrade RF, Matheny LM, Moulton SG, James EW, Dean CS. Posterior Meniscal Root
Repairs: Outcomes of an Anatomic Transtibial Pull-Out Technique. Am J Sports Med2017
Mar;45(4):884-91.

[10]. Chung KS, Ha JK, Ra HJ, Kim JG. Prognostic Factors in the Midterm Results of Pullout
Fixation for Posterior Root Tears of the Medial Meniscus. Arthroscopy2016 Jul;32(7):1319-27.
[11]. Ozkoc G, Circi E, Gone U, Irgit K, Pourbagher A, Tandogan RN. Radial tears in the root
of the posterior horn of the medial meniscus. Knee Surg Sports Traumatol Arthrosc2008
Sep;16(9):849-54.

[12]. Furumatsu T, Kodama Y, Fujii M, Tanaka T, Hino T, Kamatsuki Y, Yamada K, Miyazawa S,
Ozaki T. A new aiming guide can create the tibial tunnel at favorable position in transtibial
pullout repair for the medial meniscus posterior root tear. Orthop Traumatol Surg Res2017
May;103(3):367-71.

[13]. Kodama Y, Furumatsu T, Fujii M, Tanaka T, Miyazawa S, Ozaki T. Pullout repair of a
medial meniscus posterior root tear using a FasT-Fix((R)) all-inside suture technique. Orthop
Traumatol Surg Res2016 Nov;102(7):951-4.

[14]. Okazaki Y, Furumatsu T, Shimamura Y, Saiga K, Ohashi H, Uchino T, Kamatsuki Y,
Okazaki Y, Ozaki T. Time-Dependent Increase in Medial Meniscus Extrusion after Medial
Meniscus Posterior Root Tear Analyzed by Using Magnetic Resonance Imaging. Knee Surg
Relat Res2019 Jun 1;31(2):120-5.

11



209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

[15]. Kanda Y. Investigation of the freely available easy-to-use software 'EZR' for medical
statistics. Bone marrow transplantation2013 Mar;48(3):452-8.

[16]. Fujii M, Furumatsu T, Miyazawa S, Okada Y, Tanaka T, Ozaki T, Abe N. Intercondylar
notch size influences cyclops formation after anterior cruciate ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc2015 Apr;23(4):1092-9.

[17]. Okazaki Y, Furumatsu T, Kodama Y, Hino T, Kamatsuki Y, Okazaki Y, Masuda S,
Miyazawa S, Endo H, Tetsunaga T, Yamada K, Ozaki T. Transtibial pullout repair of medial
meniscus posterior root tear restores physiological rotation of the tibia in the knee-flexed
position. Orthop Traumatol Surg Res2019 Feb;105(1):113-7.

[18]. Feucht MJ, Kuhle J, Bode G, Mehl J, Schmal H, Sudkamp NP, Niemeyer P. Arthroscopic
Transtibial Pullout Repair for Posterior Medial Meniscus Root Tears: A Systematic Review of
Clinical, Radiographic, and Second-Look Arthroscopic Results. Arthroscopy2015
Sep;31(9):1808-16.

[19]. Ford GM, Hegmann KT, White GL, Jr., Holmes EB. Associations of body mass index with
meniscal tears. Am J Prev Med2005 May;28(4):364-8.

[20]. Hwang BY, Kim SJ, Lee SW, Lee HE, Lee CK, Hunter DJ, Jung KA. Risk factors for
medial meniscus posterior root tear. Am J Sports Med2012 Jul;40(7):1606-10.

[21]. Kim JH, Chung JH, Lee DH, Lee YS, Kim JR, Ryu KJ. Arthroscopic suture anchor repair
versus pullout suture repair in posterior root tear of the medial meniscus: a prospective
comparison study. Arthroscopy2011 Dec;27(12):1644-53.

[22]. Cho JH, Song JG. Second-look arthroscopic assessment and clinical results of modified
pull-out suture for posterior root tear of the medial meniscus. Knee Surg Relat Res2014
Jun;26(2):106-13.

[23]. Brophy RH, Wojahn RD, Lillegraven O, Lamplot JD. Outcomes of Arthroscopic Posterior
Medial Meniscus Root Repair: Association With Body Mass Index. The Journal of the
American Academy of Orthopaedic Surgeons2019 Feb 1;27(3):104-11.

[24]. Choi CJ, Choi Y], Song IB, Choi CH. Characteristics of radial tears in the posterior horn
of the medial meniscus compared to horizontal tears. Clin Orthop Surg2011 Jun;3(2):128-32.
[25]. Ahn JH, Jeong HJ, Lee YS, Park JH, Lee JW, Park JH, Ko TS. Comparison between
conservative treatment and arthroscopic pull-out repair of the medial meniscus root tear and
analysis of prognostic factors for the determination of repair indication. Archives of orthopaedic
and trauma surgery2015 Sep;135(9):1265-76.

[26]. Moon HK, Koh YG, Kim YC, Park YS, Jo SB, Kwon SK. Prognostic factors of
arthroscopic pull-out repair for a posterior root tear of the medial meniscus. Am J Sports
Med2012 May;40(5):1138-43.

[27]. Jiang EX, Abouljoud MM, Everhart JS, DiBartola AC, Kaeding CC, Magnussen RA,
Flanigan DC. Clinical factors associated with successful meniscal root repairs: A systematic
review. Knee2019 Mar;26(2):285-91.

[28]. Kim JH, Lee S, Ha DH, Lee SM, Jung K, Choi W. The effects of graft shrinkage and
extrusion on early clinical outcomes after meniscal allograft transplantation. J Orthop Surg
Res2018 Jul 20;13(1):181.

[29]. Chung KS, Ha JK, Ra HJ, Nam GW, Kim JG. Pullout Fixation of Posterior Medial
Meniscus Root Tears: Correlation Between Meniscus Extrusion and Midterm Clinical Results.
Am J Sports Med2017 Jan;45(1):42-9.

12



253
254
255
256

257

[30]. Okazaki Y, Furumatsu T, Kodama Y, Kamatsuki Y, Okazaki Y, Hiranaka T, Takihira S,
Tetsunaga T, Saiga K, Ozaki T. Steep posterior slope and shallow concave shape of the medial

tibial plateau are risk factors for medial meniscus posterior root tears. Knee Surg Sports

Traumatol Arthrosc2019 Jun 26.

13



258

259

260

261

262

263

264

265

266

267

Figure legends

Figure 1. Pearson correlation analysis in patients who underwent MMPRT pullout repair.

(A) Correlation between the BMI and age.

(B) Correlation between the BMI and the IKDC score.

(C) Correlation between the BMI and the Lysholm score.

Figure 2. Correlation between BMI and postoperative IKDC score in patients who

underwent MMPRT pullout repair.

(A) Comparison of postoperative IKDC score between patients with BMI < 30 kg/m? and

others.

(B) Comparison of BMI between patients with postoperative IKDC score < 50 and others.
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