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ABSTRACT – Objective: Osteotomies around the knee are well-known procedures in the management of 
unicompartmental joint overload, osteoarthritis, and ligament instability. Traditionally reserved for younger 
patients, the indications are becoming more inclusive, expanding also to elderly patients. However, only a few 
studies have evaluated the outcomes in this population. The aim of the present study is to assess the clinical out-
comes, return to sport (RTS) rates, survival, revision rates and complications following knee osteotomies for the 
treatment of varus knee with medial compartment osteoarthritis in patients aged over 65 years.

Materials and Methods: A systematic review was conducted according to PRISMA guidelines and registered 
on PROSPERO. Studies providing clinical outcomes or survival rates in patients over 65 years old undergoing knee 
osteotomies for knee osteoarthritis were included. A total of 8 studies met the inclusion criteria. Demographics, 
follow-up, surgical technique, clinical scores, RTS, survival, revision rates, and complication rates were extracted 
from the included studies.

Results: Clinical outcomes improved significantly postoperatively across all age groups. Patients ≥65 years 
achieved comparable results in terms of pain relief and satisfaction, despite slightly lower functional scores. RTS 
rates remained high, with a trend toward lower-impact activities. Survival rates at 10 years ranged between 70-95%, 
and complication rates were higher in elderly patients (23.1% vs. 15.7%), particularly for systemic diseases. 

Conclusions: Knee osteotomies for varus knee with medial compartment osteoarthritis in patients over 65 
years old result in satisfactory clinical outcomes and high RTS rates, representing a viable joint-preserving op-
tion in selected cases. Nonetheless, careful patient selection and preoperative counseling are essential due to 
increased risks of complications and slightly reduced survival rates compared to younger cohorts.
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INTRODUCTION

Osteotomies around the knee are well-known procedures in the management of unicompartmental 
joint overload, osteoarthritis, and ligament instability. The indications are becoming more and more 
inclusive due to improvements in surgical technique and better understanding of lower limb alignment 
and forces acting on the knee joint1-3.

Osteotomies regained popularity in recent years, especially because they can preserve the knee and 
potentially delay or even avoid knee arthroplasty in selected patients. Moreover, advances in implant 
design and stability, deformity analysis, and patient-specific instrumentation (PSI) for complicated cases 
further increased their diffusion. Various studies4-7 demonstrate a very good survival rate and clinical 
and radiographic outcomes when the osteotomy techniques are applied correctly with appropriate in-
dications.

Historically, the “ideal” patient for an osteotomy presents with BMI <30, high functional demand (ex-
cluding running or jumping), unrestricted range of motion, and normal ligament balance, as a non-smok-
er and aged between 40 and 60 years old1. However, many of these limitations in indications have been 
questioned in recent years, including age. In fact, advanced age could be considered a risk factor for 
osteotomy failure, as it is associated with reduced bone healing capacity, increased joint stiffness, the 
presence of multiple comorbidities and lower functional demands8-11.

Nonetheless, due to worldwide population aging with elderly people requiring higher quality of life 
standards, osteotomies have been spreading among this age group as a procedure to better preserve 
knee function, delaying the need for an arthroplasty. Different studies2,12,13 show that age does not af-
fect the radiological and clinical outcomes after an osteotomy procedure and comparable results are 
obtained at different ages in long-term follow-up. In addition, a recent ESSKA Consensus14 does not re-
port a clear cutoff age value that limits the indication for an osteotomy, focusing more on the patient’s 
general status instead.

In this systematic review, we aim to present a thorough analysis of osteotomy outcomes for the 
treatment of varus knees with medial compartment arthritis in the older age population in order to 
provide further options in treating this increasingly widespread and demanding population. The primary 
aim is to evaluate clinical outcomes, return to sport (RTS) rates, survival, revision rates, and complica-
tions in osteotomies in patients ≥65 years old. The secondary aim is to compare, where available, these 
findings to outcomes reported in younger cohorts.
 

MATERIALS AND METHODS

The current systematic review was performed following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines and is registered in the PROSPERO Registry 
(CRD420250633416) (https://www.crd.york.ac.uk/PROSPERO/view/CRD420250633416)15,16.
 

Search Strategy

A systematic search was conducted in the PubMed (MEDLINE), Scopus and Cochrane Library databases 
on December 29, 2024. The following search terms were entered into the title, abstract, and keyword 
fields: (“high tibial osteotomy” OR “distal femoral osteotomy” OR “knee osteotomy”) AND (“knee joint” 
OR knee) AND (“older” OR “elderly” OR “elder” OR “65” OR “70” OR “75” OR “80”) AND (“arthritis” OR 
“osteoarthritis”).

The inclusion criteria were studies published providing clinical outcomes or survival rates in patients 
over 65 years old undergoing knee osteotomies for knee osteoarthritis. Studies conducted using ran-
domized controlled trials, controlled (non-randomized) clinical trials, prospective and retrospective 
comparative cohort studies, case-control studies, and case series were included.

The exclusion criteria were non-English language papers and studies that did not provide clear clin-
ical results. Studies with combined procedures with knee osteotomies [e.g., anterior cruciate ligament 
(ACL) and posterior cruciate ligament (PCL) reconstruction] were excluded, as well as studies involving 
heterogeneous treatments (e.g., knee osteotomies and unicompartmental knee replacement). Case re-
ports, reviews of the literature, letters to editors, biomechanical reports, ex vivo or cadaveric studies 
and editorial commentaries were excluded as well. 

https://www.crd.york.ac.uk/PROSPERO/view/CRD420250633416
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Data Collection

The retrieved articles were first screened by two of the authors (A.M. and G.A.) by title and, if found 
relevant, screened further by reading the abstract. After excluding studies not meeting the eligibility 
criteria, the entire content of the remaining articles was evaluated for eligibility. To minimize the risk of 
bias, the authors reviewed and discussed all the selected articles, references, and articles excluded from 
the study. In case of any disagreement between the reviewers, one of the senior authors (G.C.) made 
the final decision. At the end of the process, further studies that might have been missed were manually 
searched by going through the reference lists of the included studies and relevant systematic reviews.

The data were extracted from the selected articles by two of the authors (A.M. and G.A.). Each 
article was validated again by the senior author before analysis. For each included study, the following 
data were extracted: number of patients, patient demographics (age, sex, body mass index), year of 
treatment, study design, follow-up, surgical technique, and type of osteotomy. Clinical outcome mea-
sures, return to sport data, survival and revision rates, and reported complications were also recorded. 
Additionally, the severity of osteoarthritis was extracted when available. The Oxford Levels of Evidence 
set by the Oxford Centre for Evidence-Based Medicine were used to categorize the level of evidence17. 
The quality of the selected studies was evaluated using the Methodological Index for Nonrandomized 
Studies (MINORS) score18. The checklist consists of 12 items, of which the last four are specific for com-
parative studies. Each item could be scored from 0 to 2 points. The ideal score was set at 16 points for 
non-comparative studies and 24 for comparative studies.

Data Analysis

Data were qualitatively synthesized due to the heterogeneity of study designs, outcome measures, and 
statistical reporting. Meta-analysis was not performed. Clinical and functional outcomes were compared 
descriptively across studies reporting both mean and standard deviation. Where applicable, p-values were 
reported to indicate statistical significance. Return to sport data were summarized by reporting RTS rates 
and average Tegner scores. The survival analysis was discussed separately. Microsoft Excel (version 16.63, 
Microsoft Corp., Redmond, WA, USA) was used for data management and graphical representation.
 

RESULTS

The electronic search yielded 1,059 studies. After 362 duplicates were removed, 697 studies remained, 
of which 669 were excluded after reviewing the abstracts, bringing the number down to 28. Subse-
quently, 20 additional articles were excluded after full-text reading based on the aforementioned inclu-
sion and exclusion criteria. No additional studies were found by manually searching the reference lists of 
the selected articles. Finally, 8 studies2,8,9,12,13,19-21 met the inclusion criteria and were included for further 
analysis (Figure 1). The studies analyzed had an average MINORS score of 19.9 (SD 4.39), indicating the 
methodological quality of the available literature.

Study Characteristics

A total of 8 studies2,8,9,12,13,19-21 met the inclusion criteria and were included in the final analysis. All pa-
tients and study characteristics are reported in Table 1. The studies included were retrospective com-
parative studies, cohort studies, and case series.

A total of 61,741 patients (corresponding to 61,774 knees) were included. Overall, 6,426 patients 
were ≥65 years old (6,441 knees), and 55,222 were <65 years old (55,237 knees), with a mean age of 
70.2 years for patients ≥65 years and 52.7 years for patients <65 years. The mean follow-up was 41.8 
months (range: 11.9 - 120 months) for patients ≥65 years and 42.9 months (range: 11.8 - 120 months) 
for patients <65 years.

Of them, Lee et al8, in a retrospective cohort study based on database analysis, contributed the 
majority of the total sample with 61,145 patients, of whom 6,138 were over 65 years old. This study 
exclusively reported implant survival and revision rates, without including functional or clinical outcome 
measures. The remaining seven studies included a total of 596 (629 knees) patients, of whom 523 were 
aged ≥65 years, and focused on clinical outcomes, return to sport (RTS), and complications.
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The included studies employed different surgical techniques: open wedge high tibial osteotomy 
(OWHTO) in six studies2,8,13,19-21 and closing wedge high tibial osteotomies (CWHTO) in two studies9,12.

The studies were conducted across different countries, including Japan, Korea, Austria, and the Unit-
ed States, reflecting a variety of clinical practices and patient populations. 

Clinical Outcomes

Clinical outcomes were reported in six studies2,12,13,19-21 (Table 2). A total of 523 patients were included: 
259 patients <65 years (mean age 56.7 years) and 264 patients ≥65 years (mean age 70.8 years), with 
mean follow-up of 28.7 months and 30.2 months, respectively.

Figure 1. PRISMA flowchart.
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Table 1. Study characteristics.
	
Study	 Minors	 Level of 	 Design	 Purpose of	 Number of 	 Gender 	 Age	 BMI	 OA (grade:	 Follow-up 	 Osteotomy 	 Target			 
		   evidence		   the study	  patients	  (M/F)	  (range)	  (range)	  number)	  (range)	  tecnique	  correction
	
Trieb et al9	 23	 III	 Retrospective 	 Analyze the influence	 <65 years: 	 N.R.	 <65 years old: 	 N.R.	 N.R.	 <65 years old:	 CWHTO	 N.R.
			    comparative 	  of age at the time 	  52 patients		   56.2±6.1 			    13±2.5
			    study	  of surgery on the 	  (67 knees)		   (42-64)			    (8-17)
				     outcome by survival	
				     analysis and to 	 >65 years: 		  >65 years old: 			   >65 years old:
				     estimate of the 	  21 patients		   68.4±3.7			    11.9±2.2
				     relative risk	  (27 knees)		   (65-76)			    (10-16)

Goshima 	 21	 III	 Retrospective	 Determine whether age	 <65 years: 34	 (12/22)	 56.2±7.5 	 24.8	 KL (1:0; 2:10;	 54.8 months	 OWHTO 	 Weight-bearing line was
 et al2			    comparative	  influenced functional 					      3:9; 4:4)		   TomoFix	  aimed at a point 65-70%  
			    study	  outcomes after OWHTO.								         lateral on the transverse 
				     Two groups: 	  >65 years: 26	 (11/15)	 68.7±2.9	 24.6	 KL (1:4; 2:12;	 46.3 months		   diameter of the tibial plateau
				     A (>65 years), 					      3:13; 4:1)
				     B (<65 years)
				  
Kamada 	 13	 IV	 Retrospective	 Evaluate sports and 	 50 patients	 11/45	 71.6 years	 51±7 months	 N.R.	 51±7 months	 OWHTO	 70% of the width
 et al19			    case series	  physical activities of 	  (62 knees)		   (65-81 years) 					      of the tibial plateau
				     patients >65 years with 
				     medial compartment 
				     knee OA who 
				     underwent OWHTO

Kuwashima 	 21	 III	 Retrospective 	 Assess the association	 ≤64 years: 67 	 10/57	 57.4±4.8	 26.7±3.7	 Medial compart-	 11.8±3.5 	 Closing-wedge 	 Middle of the lateral
 et al12			    comparative 	  between age at the 					      ment OA or 		   HTO	  compartment on a
			    study	  time of surgery and 	 ≥65 years: 67 	 11/56	 70.0±3.8	 25.4±3.1	  necrosis of the 	 11.9±3.5		   weight-bearing radiograph
				     the clinical outcomes					      medial femoral 
									          condyle with a 
									          varus deformity

Continued
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Table 1 (continued). Study characteristics.
	
Study	 Minors	 Level of 	 Design	 Purpose of	 Number of 	 Gender 	 Age	 BMI	 OA (grade:	 Follow-up 	 Osteotomy 	 Target			 
		   evidence		   the study	  patients	  (M/F)	  (range)	  (range)	  number)	  (range)	  tecnique	  correction
	
 Lee et al8	 24	 III	 Retrospective 	 Evaluate the effect of 	 <60: 41,112	 30,164/10,948 	 52.62 (5.38)	 N.R.	 N.R.	 10 years	 HTO	 N.R.
			    cohort study	  age on the survival 
			    (database 	  rate and complications	 60-65: 13,89	 10,665/3,230	 62.10 (1.66)
			    analysis	  after HTO for medial 
				     unicompartmental 	 >65: 6,138	 4,707/1,431	 70.13 (4.24)
				     osteoarthritis 

Otoshi et al20	 13	 IV	 Retrospective 	 Evaluate RTS after 	 <70 years old: 36	 15/21	 61.3±5.3	 26.1±5.5	 AH (1:1; 2:14; 3:13)	 33.8±13.7	 N.R.	 N.R.
			    case series	  OWHTO in elderly 
				     patients and associated	 >70 years old: 38	 4/34	 74.8±3.7	 25.0±3.4	 AH (1:2; 2:14; 3:6)	 31.2±12.6
				     factors affecting RTS

Nakashima 	 21	 III	 Retrospective	 Compare the post-	 <70 years old: 60	 24/36	 58.8±7.2  	 60	 KL (2:29; 3:24; 4:7)	 12 months	 MOWHTO	 WBL 55% lateral tibial
 et al21			    comparative	  operative clinical and 							        TomoFix	  plateau
			    study	  radiological outcomes 
				     in patients aged  ≥70 	 ≥70 years old: 21	 5/16	 72.2±2.9	 21	 KL (2:13; 3:5; 4:3)	
				     years who underwent 
				     MOWHTO for medial 
				     compartment OA with 
				     those in younger 
				     patients
				  
Park et al13	 23	 III	 Propensity score 	Compare the clinical 	 <55 years old: 	 16/46	 51.7±2.9	 25.5±3.2	 KL (2:28; 3:26; 4:8)	 55.3±27.4	 MOWHTO 	 N.R.
			    matched cohort 	 outcomes and failure 	  62						       TomoFix
			    study	  of MOWHTO in 
				     patients <55 years 	 >65 years old: 	 16/46	 68.9±3.3	 25.6±2.6	 KL (2:29; 3:32; 4:1)	 50.4±26.1
				     and >65 years	  62

Open Wedge High Tibial osteotomy (OWHTO), Medial Open Wedge High Tibial osteotomy (MOWHTO), Closed Wedge High Tibial osteotomy (CWHTO), Return to sport (RTS), Osteoarthritis (OA), Body Mass Index (BMI), 
Ahlbach’s classification (AH), Kellgren–Lawrence Classification (KL), Not Reported (N.R.), Weight bearing Line (WBL).
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Table 2. Study outcomes.
	
Authors	 Age	 Number of	 JOA score	 Oxford Knee	 KSS score	 KSS functional	 IKDC	 Lysholm score
		   patients	  (SD)	  Score	
 
Goshima et al2	 <65	 34	 90.9 (8.7)	 41.4 (5.9)	 N.R.	 N.R.	 N.R.	 N.R.

	 >65	  26	 86.7 (8.2)	 41.6 (5.9) (p=0.89)	 N.R.	 N.R.	 N.R.	 N.R.

Kamada et al19	 71.6 years 	 50 patients	 N.R.	 N.R.	 N.R.	 N.R.	 N.R.	 60.8±8.9 pre 92.5±2.5
	  (65-81 years)	  (62 knees) 						       post (p<0.0001)
		
Kuwashima	 ≤64	 67	 N.R.	 N.R.	 Symptom: 13.5±8.8	 Functional activities: 58.9±25.2	 N.R.	 N.R.
 et al12					     Satisfaction: 18.7±9.2	 Walking and standing: 23.4±8.5
					     Expectation: 8.6± 3.3 	 Standard activities: 22.7±7.3
					     Functional activities: 58.9±25.2	 Advanced activities: 14.0±6.9
						      Discretionary knee activities: 8.4±4.7

	 ≥65	 67 	 N.R.	 N.R.	 Symptom: 13.6±7.66 (p=0.941)	 Functional activities: 48.3±21.8 (p=0.011)	 N.R.	 N.R.
					     Satisfaction: 20.1±8.0 (p=0.378)	 Walking and standing: 17.4±7.8 (p<0.001)
					     Expectation: 8.8±3.5 (p=0.712)	 Standard activities: 19.0±7.0 (p=0.011)
					     Functional activities: 48.3±21.8 (p=0.011)	 Advanced activities: 10.3±6.1 (p=0.005)
						      Discretionary knee activities: 7.0±4.7 (p=0.143)

Otoshi et al20	 <70	 36	 N.R.	 N.R.	 87.1±8.3	 87.7±12.2	 N.R.	 N.R.

	 >70	 38	 N.R.	 N.R.	 82.8±10.0 (p=0.09)	 86.7±12.5 (p=0.20)	 N.R.	 N.R.

Nakashima	 <70	 60	 N.R.	 N.R.	 N.R.	 N.R.	 N.R.	 89.0±8.5
 et al21	
	 ≥70	 21	 N.R.	 N.R.	 N.R.	 N.R.	 N.R.	 87.7±11.9 (p=0.58)

Park et al13	 <55	 62	 N.R.	 N.R.	 N.R.	 N.R.	 54.9±15.1	 62.4±19.1

	 >65	 62	 N.R.	 N.R.	 N.R.	 N.R.	 51.5±19.8	 62.1±22.5

Japanese Orthopaedic Association Score (JOA), Knee Society Score (KSS), International Knee Documentation Committee Score (IKDC), Not reported (N.R.).
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Japanese Orthopaedic Association (JOA) score

The JOA score was assessed in one study. Goshima et al2 found that patients <65 years achieved a mean 
score of 90.9 (SD 8.7), compared to 86.7 (SD 8.2) for those ≥65 years.

Oxford Knee Score (OKS)

OKS was presented by Goshima et al2, showing similar outcomes between groups: 41.4 (SD 5.9) for pa-
tients <65 years and 41.6 (SD 5.9) for those ≥65 years (p=0.89). 

Knee Society Score (KSS)

KSS was assessed in two studies. Kuwashima et al12 found that the functional activities score was signifi-
cantly lower in patients ≥65 years than in those <65 years (p=0.011). Otoshi et al20 reported KSS scores 
of 87.1 (SD 8.3) for patients <70 years and 82.8 (SD 10.0) for those ≥70 years (p=0.09), with improvement 
in both groups. 

LYSHOLM score

Lysholm scores were provided by Nakashima et al21, Park et al13, and Kamada et al19. Nakashima et al21 
recorded scores of 89.0 (SD 8.5) for patients <70 years and 87.7 (SD 11.9) for those ≥70 years (p=0.58). 
Park et al13 observed similar outcomes with 54.9 (SD 15.1) in patients <55 years and 51.5 (SD 19.8) in 
patients ≥65 years. Kamada et al19 reported a significant improvement from 60.8±8.9 preoperatively to 
92.5±2.5 postoperatively (p<0.0001). 

International Knee Documentation Committee (IKDC)

Only Park et al13 reported the IKDC score. Patients <55 years old exhibited an IKDC score of 54.9±15.1 
and 51.5±19.8 in patients ≥65 years old, with no significant difference.

 In summary, clinical outcomes improved significantly across all age groups, with no significant differ-
ences among patients under or over 65 years old. Patients <65 years showed higher functional scores, 
while patients ≥65 years demonstrated comparable improvements in satisfaction and symptom relief.

Return to Sport

Two studies19,20 reported outcomes on RTS (Table 3). A total of 124 patients (147 knees) were included: 
78 patients (100 knees) were ≥65 years, and 36 patients (36 knees) were <65 years, with mean follow-up 
periods of 50.7 months and 48.2 months, respectively.

RTS rates were high across both age groups. Otoshi et al20 observed RTS rates of 96.0% in patients 
<70 years and 91.2% in patients ≥70 years. Moreover, they observed that among patients <70 years, 
66.7% returned to the same sport level and 33.3% at a lower level. On the other hand, 74.2% of the pa-
tients of the older group returned to the same level, 22.6% at a lower level, and 3.2% at a higher level. 
An overall shift to lower-impact sports was observed20. Kamada et al19 reported that 11 patients (19.6%) 
improved their sports activity following surgery.

The Tegner activity scale was presented by Otoshi et al20. This score decreased postoperatively com-
pared to preoperative levels, with mean postoperative scores of 3.3±1.4 for patients <70 years and 
2.7±1.2 for those ≥70 years. The difference was not statistically significant (p=0.16)20.

In summary, both studies demonstrated high RTS rates following surgery, with older patients achiev-
ing satisfaction levels comparable to those of younger patients despite a shift toward lower-impact 
activities. 
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Survival and Revision Rates

Five studies2,8,9,12,13 reported survival rates and complications (Table 4). A total of 61,645 patients were 
included: 55,222 patients <65 years and 6,423 patients ≥65 years, with a mean follow-up of 9.8 years for 
patients <65 years and 10.7 years for patients ≥65 years.

Trieb et al9 reported 90% survival at 10 years for patients <65 years and 70% for those ≥65 years. 
Moreover, the risk of failure increased significantly with age, rising by 7.6% for each additional year. 
Patients aged 65 or older had a significantly higher failure rate compared to younger patients (38.4% vs. 
23.1%; p=0.0381), with a relative risk of 1.55 (95% CI: 1.01-2.38; p=0.0461).

Kuwashima et al12 observed survival rates of 99.3% at 5 years, 95.1% at 10 years, and 85.5% at 15 
years for patients ≤64 years, while the rates for patients ≥65 years were 98.6%, 93.3%, and 83.3%, re-
spectively. There was no significant difference between the two groups for the survival rate after high 
tibial osteotomy (HTO) (p=0.602).

Park et al13 recorded a 95.2% survival rate at 4 years for patients ≥65 years. However, in the older 
group, there were 7 cases (11.3%) of conversion to total knee arthroplasty (TKA), while no conversions 
were reported in the younger group (p=0.007). Lee et al8, analyzing a large cohort of 61,145 patients, 
reported a low revision rate in all age groups. This study alone contributed over 99% of the total sam-
ple for the survival analysis, making it the primary source of long-term survival data in this review. None-
theless, revision rates were significantly lower in patients <60 years (4.1% at 10 years) than in those >60 
years (7.32% at 10 years) (p<0.001)8. 

Table 3. Sport activity and return to play. 

Authors	 Age	 Number of	 RTS	 RTS level	 Tegner 	 Findings
		   patients	 (%)	 (%)	  activity 
					      scale	
		
Kamada	 71.6 years 	 50 patients 	 N.R.	 N.R.	 N.R.	 15 patients (26.7%) performed
 et al19	 (65-81 years)	  (62 knees) 				     SPA, and 14 (25.0%) after 		
						       (p=0.21). Mean time to RTP: 
						       14.1±10.0 months; frequency: 	
						       4.2±2.1 times/week post-op. 
						       3 patients who did not perform 
						       sports preoperatively started 
						       performing sports postop. 
						       11 (19.6%) patients were able 
						       to improve the amount of sport 
						       performed. 

Otoshi	 <70	 36	 24 (96.0)	 Higher level: 0 (0)	 3.3±1.4	 91% of patients aged
 et al20				    Same level: 		   ≥70 years returned to sports 
				     16 (66.7)		   activities, and 77% of them 
				    Lower level: 8		   could perform postoperatively 
				     (33.3)		   at the same or higher level 
						       compared to the preoperative 
	 >70	 38	 31 (91.2)	 Higher level: 1 (3.2)	 2.7±1.2	  level.
				    Same level:  	  (p=0.16)
				     23 (74.2)
				    Lower level: 
				     7 (22.6)

Return To Sport (RTS), Return To Play (RTP), Not Reported (N.R.).
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Table 4. Survival, revision rates, and complications. 
	
Authors	 Age	 Number of patients	 Complications	 Survival rates
 
Trieb et al9	 <65	 52 patients (67 knees)	 N.R.	 90% at 10 years
				    19.4% (13/67) TKA conversion at 9.1±3.3 years
				    Failure rate (23.1%)
	 >65	 21 patients (27 knees)	 N.R.	 70% at 10 years
				    33.3% (9/27) TKA conversion at 4.6±3.3 years
				    Failure rate (38.4%; p=0.0381), relative risk of 1.55
				     (95% CI: 1.01-2.38; p=0.0461)
Goshima et al2	 <65	 34	 Delayed union 1 (2.9%)	 N.R.
			   Infection 2 (5.9%)
			   Breakage of screw head 3 (8.8%)
			   CRPS 0
	 >65	 26	 Delayed union 2 (7.7%)	 N.R.
			   Infection 1 (3.9%)
			   Breakage of screw head 2 (7.7%)
			   CRPS 1 (3.9%)
Kuwashima et al12	 ≤64	 67	 N.R.	 99.3±0.4% at 5 years, 95.1±1.5% at 10 years, and 85.5±3.3% at 15 years

	 ≥65	 67	 N.R.	 98.6±0.8% at 5 years, 93.3±2.1% at 10 years,and 83.3±4.5% at 15 years
Lee et al8	 < 60	 41,112	 Lower incidence of cerebrovascular accident (HR: 0.68), 	 4.2% overall, 2.7% at 5 years, 4.1% at 10 years
			    myocardial infarction (HR: 0.65), and delirium (HR: 0.31)
			    compared to the 60-65 years group
	 60-65	 13,895	 N.R.	 6.4% overall, 4.8% at 5 years, 6.3% at 10 years
	 >65	 6,138	 Higher incidence of pulmonary thromboembolism (HR: 1.97), 	 7.3% overall, 5.7% at 5 years, 7.32% at 10 years
			    cerebrovascular accident (HR: 1.55), myocardial infarction (HR: 1.52),
			    acute respiratory failure (HR: 2.24), and delirium (HR: 2.57).
			    Surgical site infections significantly high (HR: 1.61) (p=0.001)
Park et al13	 <55	 62	 N.R.	 0 cases TKA conversion
	 >65	 62	 N.R.	 7 (11.3%) cases TKA conversion
				    Survival rate 95.2% at 4 years (p=0.007)

Complex Regional Pain Syndrome (CRPS), Hazard Ratio (HR), Total Knee Arthroplasty (TKA), Not Reported (N.R.).
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Complications

Data are reported in Table 4. The incidence of perioperative complications reported by Lee et al8 was 
higher in patients aged ≥65 years than in those aged 60-65 or <60 years. Specifically, older patients (>65) 
had an increased risk of medical complications such as pulmonary thromboembolism (HR 1.97), cere-
brovascular accident (HR 1.55),  myocardial infarction (HR 1.52),  acute respiratory failure (HR 2.24), 
and delirium (HR 2.57). Additionally, the rate of surgical site infections was significantly higher in the 
oldest group (HR 1.61) (p=0.001)8.

Goshima et al2 reported overall complication rates of 23.1% in patients ≥65 years and 15.7% in those 
<65 years, but these differences were not statistically significant. The types of complications observed 
included delayed union (2 in older vs. 1 in younger patients), infection (1 vs. 2), screw head breakage (2 
vs. 3), and complex regional pain syndrome (1 case in the older group).

In summary, while both studies agree that overall complication rates tend to be higher in older pa-
tients, the type of complications differs: older patients are more prone to systemic medical complica-
tions, whereas mechanical issues (e.g., nonunions, hardware problems) occur across all ages2.

DISCUSSION

To our knowledge, this is the first systematic review that directly evaluates outcomes and survival rates 
in patients aged over 65 years old undergoing knee osteotomy.

The key findings of this research indicate that age over 65 years old does not significantly influence 
clinical outcomes in patients undergoing a knee osteotomy for a varus knee with medial compartment 
osteoarthritis compared to younger patients.

Indeed, previous studies22-24 reported that age does not affect clinical outcomes. However, most of 
the studies were conducted on cohorts of young patients. Clinical outcomes on elderly patients (≥65 
years old) compared with younger groups are investigated in 6 studies from 2015 to 2024, which were 
included in the present review2,12,13,19-21. The findings revealed that older patients seem to have com-
parable clinical outcomes in terms of symptom relief, satisfaction, and fulfillment of pre-operative ex-
pectations. For example, Goshima et al2 found that a patient aged ≥65 years had JOA scores and OKS 
scores comparable to those of younger patients. Similarly, Kuwashima et al12 reported that, at a mean 
follow-up of 11.4 years, KSS symptom score, KSS satisfaction score, and KSS expectation score were 
comparable between the younger and older groups. Consistent findings were also reported in another 
cohort study from Park et al13.

These findings were further supported by radiographic assessments, which demonstrated compa-
rable post-operative alignments between groups, as measured by parameters such as the hip-knee-
ankle (HKA) angle, posterior tibial slope (PTS), Insall-Salvati ratio, and weight-bearing line orientation13. 
Post-operative alignment is a key factor influencing clinical outcomes, as highlighted by Hohloch et al25, 
who reported that achieving the planned varus/valgus correction is associated with improved pain relief 
and functional recovery.

Nonetheless, older patients reported lower functional recovery compared to younger patients, 
whereas satisfaction and symptom relief were comparable. Data reported in our review indicate that 
the KSS function score was statistically lower in people older than 65 years old. However, Otoshi et al20 
reported similar outcomes in both age groups (<70 and >70 years) within a cohort with a mean age of 
68 years, when comparing the KSS functional score. They also found that pre-operative Tegner activity 
scale was lower in the older age group, and that the overall post-operative Tegner score remained low-
er among all patients20. These findings suggest that HTO can still provide good functional outcomes in 
older patients. However, their pre-operative functionality and fitness levels tend to be lower than those 
of younger patients, and this difference generally persists post-operatively, despite significant improve-
ments in symptoms and functional scores.

Nowadays, elderly patients maintain an interest in sport-related activities; therefore, RTS should be 
considered an important factor when evaluating post-operative satisfaction26.  In the studies included 
in the present review, patients over 65 achieved RTP rates comparable to those of younger patients, 
although with a shift toward lower-impact activities. Kamada et al19 performed a study on sports and 
physical activities (SPA) in elderly patients to investigate the patient ratio that maintains SPA post-op-
eratively. Eleven patients (19.6%) improved their sport activity following surgery; however, the overall 
ratio of patients returning to SPA at the same, higher, or lower level remained below 30% in patients 
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older than 65 years old (mean age 71 years old), a percentage comparable to the pre-operative rate. All 
data were collected at a 14-month follow-up. According to Otoshi et al20, patients older than 70 years 
old achieved high RTS (91%), with 77% of patients returning at the same or higher level at 32.9 months 
of follow-up, even though returning mostly to low-impact activities. Moreover, seven patients began 
participating in sports activities for the first time after surgery20. The lower follow-up period in Kamada 
et al19 study could be a confounding factor, suggesting that RTS rates among elderly patients could have 
a higher incidence than expected.

This result may be explained by the improvement in techniques and fixation devices that allow early 
weight bearing and, therefore, promote faster rehabilitation and reduce muscle weakness. Rehabilita-
tion is indeed a critical factor, especially for older patients27-29. These results are consistent with other 
studies30,31 conducted in younger populations, which also report high RTP rates after knee osteotomy.

RTS after HTO should be compared to RTS after unicompartmental knee arthroplasty (UKA), as these 
procedures are frequently proposed to a similar middle-aged cohort of patients. According to Radhakrish-
nan et al32, the RTS rate after unicompartmental knee arthroplasty (UKA) exceeded 90% at 48 months 
follow-up. However, the mean age in that study was 51.8 years, significantly younger than the population 
considered in our review. Belsey at al33 compared RTS rates after HTO and UKA, reporting no significant 
differences in RTS rates among groups. With a mean age of 48.4 years old and 60.6 years old, respectively, 
further studies are needed to provide a better age-normalized comparison among these groups, as HTO 
could lead to significantly higher RTS when the same age groups (older than 65-70 years) are compared33.

Despite the overall good functional results reported in the present review for the older age group, 
age appears to significantly influence survival and revision rates. Most of the studies concur in reporting 
higher failure rates among older patients (≥65 years old)8,12,13. Interestingly, the revision rates observed 
in these older populations are comparable to those reported in the literature for younger cohorts (<55 
years). In fact, several studies34-36 have documented survival rates of approximately 95%, 86%, and 94% 
at follow-ups ranging from 10 to 15 years, indicating that acceptable long-term outcomes can still be 
achieved in well-selected elderly patients.

One study included in this review reported a significantly higher incidence of perioperative compli-
cations in older patients8. In fact, Lee et al8, observed a higher incidence of medical complications such 
as  pulmonary thromboembolism, cerebrovascular accident,  myocardial infarction, acute respiratory 
failure, and delirium, and a higher risk of surgical site infections8. Given the exceptionally large sample 
size included in this study, these findings carry substantial weight in the overall interpretation of periop-
erative risks in older patients undergoing knee osteotomy.

In contrast, Goshima et al2 found a similar complication rate among the patient groups investigated. 
Notably, while both studies agree that complication rates tend to be higher in older patients, the nature 
of these complications appears to differ. Older patients are more prone to systemic medical complica-
tions, whereas mechanical issues – such as hinge fractures, nonunion, and hardware-related problems 
– occur across all age groups. This may be attributed to the higher prevalence of comorbidities among 
elderly patients. Underlying conditions such as hypertension, hyperlipidemia, peripheral vascular dis-
ease, and diabetes mellitus are more common in this population34.

These findings underscore the importance of careful patient selection and thorough preoperative 
risk stratification when considering osteotomy in elderly individuals. Patients older than 65 years old 
must be thoroughly informed about the increased risk of failure and complications.

The present review has several limitations. First, patient groups were not consistent across studies, 
as different cutoff values were used; some studies defined older patients as those over 65 years, while 
others adopted 70 years as the threshold. Second, not all studies assessed the same clinical outcomes 
and scoring system, making clinical outcomes related to satisfaction and expectations not entirely com-
parable. Lastly, while clinical outcomes were derived from small-to-moderate cohort studies with de-
tailed follow-up, survival data largely stem from one large database study8, which may introduce a 
distinct bias related to administrative coding and less detailed functional evaluation.

 

CONCLUSIONS

Elderly patients aged more than 65 years old with medial compartment osteoarthritis and varus knee 
can achieve predictable pain relief, satisfaction, and good clinical outcomes after knee osteotomies. 
However, studies highlighted a trend of having lower functional scores, which may reflect their preoper-
ative activity levels. Return to sport rates remain high, even though there is a shift toward lower-impact 
activities.



13	 KNEE OSTEOTOMIES IN PATIENTS>65

While knee osteotomies may represent a joint-preserving option in selected patients aged over 65 
years old, they should be carefully counseled about the higher (although acceptable) risk of failure and 
the lower survival rate with respect to the younger age groups.
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