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Abstract
Introduction A significant portion of knee osteoarthritis is diagnosed in patients under the age of 55, where greater activity 
demands make total knee arthroplasty less desirable. High tibial osteotomy (HTO) and unicompartmental knee arthroplasty 
(UKA) are useful alternatives, but there is little understanding of which procedure is advantageous. Hence, this study 
examines the utilization, complication, and reoperation rates among the HTO vs. UKA in young patients with primary 
osteoarthritis.
Methods A retrospective review of the National Surgical Quality Improvement Program was performed to identify 2318 
patients < 55 years of age who received either a HTO or UKA for primary osteoarthritis between 2011 and 2021. Bivariate 
analyses compared preoperative and intraoperative characteristics among each procedure. Then, multivariate analyses 
examined if either procedure was associated with worse 30-day postoperative complications or need for reoperation, 
independent of the statistically significant pre- and intraoperative disparities.
Results UKAs were performed 14.2 times more commonly than HTOs, and the patients selected for HTO were more likely to 
be younger, have a lower BMI, have the healthiest ASA Class score, and less likely to have hypertension requiring medication 
(p < 0.001). HTOs took 17.5% longer to perform and had a longer average length of stay (p < 0.001), while UKAs were 
more likely to be performed out-patient (p < 0.001). HTOs also had higher rates of serious complications (p = 0.02), overall 
complications (p = 0.004), and need for reoperation (p = 0.004). Multivariate modelling demonstrated that procedure type 
was not a predictor of serious complications, but the use of HTO was significantly associated with any complications (odds 
ratio = 3.63, p = 0.001) and need for reoperation (3.21, p = 0.029).
Conclusion Although healthier patients were selected for HTOs, UKAs were found to have a lower risk of complications 
and immediate reoperation. Additionally, UKAs had the advantage of lower operative burden, shorter length of stay, and a 
higher efficacy in outpatient settings.
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Introduction

Osteoarthritis affects more than 30 million people in the 
United States and has been recognized as a leading cause 
of disability [1–3]. Although osteoarthritis may be treated 
initially with nonoperative management, progressive 

articular degeneration of weight bearing joints often requires 
surgical intervention [3]. As the knee is commonly involved 
and incidence is increasing, total knee arthroplasty (TKA) 
has become one of the most popular procedures and is 
considered the definitive treatment in geriatric patients [4]. 
However, a significant portion of osteoarthritis is diagnosed 
in patients under the age of 55, where greater activity and 
mobility demands make them less optimal candidates for 
total arthroplasty and other surgical management must be 
considered [5, 6].

Unicompartmental knee arthroplasty (UKA) and high 
tibial osteotomy (HTO) are other common alternatives 
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to surgical management for osteoarthritis of the knee [4]. 
In comparison to TKA, UKA has been associated with a 
decreased intraoperative time, hospital stay, blood loss, and 
increased return-to-sport and physical activity [4, 7]. HTO 
similarly offers high levels of activity and preserves natural 
joint mechanics for up to 73% at 10 years [8]. The ability 
to return to sport and tolerate increased physical activity 
make both procedures appealing to younger patients, but 
there is considerable controversy on which procedure is 
preferred [9]. Patient selection based on age and BMI are 
often proposed in review studies, but previous evidence is 
suspected to be poor and it is not clearly understood if these 
recommendations have guided practice in the past decade 
[9, 10]. Some studies have also examined postoperative 
outcomes, but inconsistent patient allocation and a lack of 
multivariate analyses that control for pre- and intraoperative 
differences have yielded limited findings [10, 11]. This is in 
addition to the fact that little work has been conducted on 
patients under the age of 55, who are likely to have different 
risk factors and comorbidities than the geriatric population 
[5, 6].

This study leveraged the data of more than 9 million 
patients in the American College of Surgeons’ National 
Surgical Quality Improvement Program registry from 2011 
to 2021 to explore primary osteoarthritis in young people 
[12]. We sought to examine the relative rates of usage 
between HTO and UKA and if one procedure had favorable 
30-day postoperative complication and reoperation rates 
when pre- and intraoperative differences were accounted 
for. It was hypothesized that UKA would be utilized more 
frequently and have better postoperative complication and 
reoperation rates in comparison to HTO.

Methods

This study utilized a retrospective review of the ACS 
NSQIP database to identify differences in preoperative 
and intraoperative characteristics in young patients with 
primary osteoarthritis undergoing a UKA or HTO. Then, 
a multivariate analysis was performed to examine if 
either procedure was associated with worse postoperative 
complication and reoperation rates, independent of the pre- 
and intraoperative disparities.

All patients with primary osteoarthritis of the knee 
were identified using ICD-9 (715.16) and ICD-10 (M17.0, 
M17.1, M17.11, and M17.12) codes. Age was restricted 
to ≤ 55 years, and only UKA (CPT = 27446) (n = 2165) 
and high tibial osteotomy (CPT = 27457, 27455, 27709, 
and 27705) (n = 153) procedures were included in the final 
analysis as shown in Fig. 1.

For each procedure, preoperative demographics of sex 
and age were directly reported, and BMI was calculated 

from the database. As this patient population is reported 
to be relatively active, only the lowest American Society 
of Anesthesiologists (ASA) status classification of 
“Nondisturbed” was considered. Additionally, prevalence of 
diabetes mellitus, functional independence, clean wound site 
classification, hypertension requiring medication, chronic 
obstructive pulmonary disease, dyspnea, smoking status, and 
dialysis status were included in the study.

To explore intraoperative differences between procedures, 
the percent performed with general anesthesia, operative 
duration (minutes), average length of hospital stay (days), 
and the percent of procedures performed out-patient was 
collected.

This study examined serious complications, any 
complications, and need for reoperation following 
complication. Serious complications included the need for 
a ventilator for greater than 48 h, unplanned intubation, 
stroke, pulmonary embolism, cardiac arrest requiring 
CPR, myocardial infarction, acute renal failure, sepsis, 
septic shock, and unplanned return to operating room. Any 
complication includes serious complications and wound 
disruption, surgical site infections at superficial incisions, 

Fig. 1  Flowchart describes the study population. ACS-NSQIP 
American College of Surgeons National Surgical Quality 
Improvement Program
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deep incisions, or in organ spaces, pneumonia, urinary 
tract infection, need for transfusion, progressive renal 
insufficiency, and deep vein thrombosis requiring therapy.

Differences in preoperative characteristics, intraoperative 
characteristics, complication rates, and reoperation rates 
for HTO and UKA were compared using Mann–Whitney 
U-Tests and chi-square tests as appropriate. Statistical 
significance was defined as p < 0.05. Then, to determine 
if differences in complication and reoperation rates can be 
explained by the patient characteristics and intraoperative 
differences, variables with bivariate p-values less than 0.05 
were then entered into multivariate models. Additionally, 
procedure type (HTO vs. UKA) was entered into the model 

to identify if the surgery was a predictor of postoperative 
characteristics, independent of the patient selection. Only 
data with values for each variable were analyzed. All 
statistical work was conducted in R 4.1.0.

Results

The patients selected for HTO were more likely to be 
male (73.20% vs. 46.8%, p < 0.001), younger (44.96 vs. 
50.09, p < 0.001), and have a lower BMI (32.04 vs. 33.50, 
p < 0.001) (Table  1). Additionally, HTO patients were 
also generally healthier, with a higher percentage with a 
“Nondisturbed” ASA Class (24.18% vs. 5.54%, p < 0.001) 
and less hypertension requiring medication (22.88% vs. 
39.77%, p < 0.001) (Table 2). It was also found that UKA 
has been utilized far more commonly than HTO from 2011 
to 2021 (Fig. 2).

Intraoperative analysis revealed that HTO was performed 
with general anesthesia nearly twice as much as UKA 
(90.20% vs. 48.68%, p < 0.001), took 17.5% longer to 

Table 1  Patient demographics

HTO (n = 153) UKA (n = 2165) p-value

Male (%) 112 (73.20%) 1014 (46.8%)  < 0.001
Age 44.96 50.09  < 0.001
BMI (kg/m2) 32.04 33.50 0.02

Table 2  Preoperative patient 
characteristics

Bold values indicate statistical significance (p < 0.05)

HTO (n = 153) UKA (n = 2165) p-value

Diabetes mellitus (%) 1 (0.65%) 49 (2.26%) 0.30
Functionally independent (%) 152 (99.34%) 2139 (98.79%) 0.653
ASA Class status of “Nondisturbed” (%) 37 (24.18%) 120 (5.54%)  < 0.001
 Proportion “clean wound” classification (%) 137 (99.27%) 1872 (99.94%) 0.31

Hypertension requiring medication (%) 35 (22.88%) 861 (39.77%)  < 0.001
 History of severe COPD (%) – 27 (1.25%) 0.318
 Dyspnea (%) 1 (0.65%) 42 (2.29%) 0.46
 Smoker (%) 22 (14.40%) 392 (18.11%) 0.2919
 Currently on dialysis (%) 1 (0.65%) 49 (2.26%) –

Fig. 2  Utilization of 
high tibial osteotomy 
and unicompartmental 
knee arthroplasty for 
patients < 55 years old with 
primary osteoarthritis of the 
knee, NSQIP 2011–2021
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perform (106 min vs. 91.41 min, p < 0.001), and had a longer 
average length of stay (1.23 days vs. 1.03 days, p < 0.001). 
Meanwhile, UKA was more likely to be performed out-
patient (53.16% vs. 33.99%, p < 0.001) (Table 3).

Comparison of postoperative characteristics found that 
HTO had a higher rate of serious complications (3.92% 
vs. 1.20%, p = 0.02), any complications (7.19% vs. 2.60%, 
p = 0.004), and need for reoperation (4.20% vs. 1.03%, 
p = 0.004) (Table 4).

Multivariate modeling demonstrated that serious 
complications were only predicted by a slight increase in 
operative duration (odds ratio = 1.01, p = 0.027) with the 
procedure type having no significant role (Table 5). However, 
use of the HTO procedure was significantly associated with 
any complications (odds ratio = 3.63, p = 0.001) (Table 6) 
and need for reoperation (3.21, p = 0.029) (Table  7), 
independent of preoperative patient characteristics.  

Discussion

As the optimal treatment for osteoarthritis in younger 
populations remains a point of study (5–6), comparing 
usage, complication, and revision rates among 
interventions provides a perspective on short-term 
disparities between treatments. While previous studies 

Table 3  Intraoperative 
characteristics

HTO (n = 153) UKA (n = 2165) p-value

General anesthesia (%) 138 (90.20%) 1054 (48.68%)  < 0.001
Operation time (minutes) 106 91.41  < 0.001
Average length of hospital stay (days) 1.23 1.03  < 0.001
Performed Out-Patient (%) 52 (33.99%) 1151 (53.16%)  < 0.001

Table 4  30-Day postoperative complication rates

HTO (n = 153) UKA (n = 2165) p-value

Serious complication (%) 6 (3.92%) 26 (1.20%) 0.02
Any complication (%) 10 (7.19%) 49 (2.60%) 0.004
Reoperation (%) 6 (4.20%) 20 (1.03%) 0.004

Table 5  Multivariate model of serious complications within 30-days 
of operation

Bold values indicate statistical significance (p < 0.05)

Odds Ratio (95% CI) p-value

Age 1.00 (0.93–1.07) 0.898
Sex-Male 1.27 (0.61–2.69) 0.519
Female Ref Ref
BMI 1.04 (0.98- 1.10) 0.1877
 ASA Class-1 0.59 (0.09–2.19) 0.494
 ASA Class > 1 Ref Ref

Hypertension requiring medication 0.59 (0.25–1.29) 0.201
Operative duration 1.01 (1.00–1.01) 0.027
 Procedure type-outpatient 

procedure
0.69 (0.33–1.40) 0.305

 Inpatient procedure Ref Ref
 Procedure Type-HTO 2.8 (0.94–7.47) 0.05
 UKA Ref Ref

Table 6  Multivariate model of any complications within 30-days of 
operation

Bold values indicate statistical significance (p < 0.05)

Odds Ratio (95% CI) p-value

Age 1.03 (0.97–1.09) 0.326
Sex-Male 1.02 (0.59–1.77) 0.934
Female Ref Ref
BMI 1.04 (0.99–1.08) 0.080
ASA class-1 0.60 (0.14–1.80) 0.420
ASA class > 1 Ref Ref
Hypertension requiring medication 0.85 (0.48–1.80) 0.579
Operative duration 1.00 (0.99–1.01) 0.513
Procedure type-outpatient procedure 1.09 (0.64–1.84) 0.756
Inpatient procedure Ref Ref
Procedure type-HTO 3.63 (1.58–7.74) 0.001
 UKA Ref Ref

Table 7  Multivariate model of reoperation within 30-days of 
operation

Bold values indicate statistical significance (p < 0.05)

Odds ratio (95% CI) p-value

Age 1.0 (0.93- 1.08) 0.921
 Sex-male 1.57(0.71- 3.59) 0.268
 Female Ref Ref

BMI 1.06 (1.00–1.12) 0.041
 ASA class-1 0.69 (0.10–2.60) 0.631
 Hypertension requiring medication 0.49 (0.18–1.13) 0.109

Operative duration 1.01 (1.00–1.01) 0.040
 Procedure type-outpatient procedure 0.64 (0.29–1.39) 0.268
 Inpatient procedure Ref Ref

Procedure type-HTO 3.21 (1.04–8.68) 0.029
 UKA Ref Ref
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have examined the utilization of HTOs and UKAs in 
osteoarthritis, few limit the demographics to younger 
patients, as defined as those with diagnosis and/or 
intervention before the age of 55 [5, 6]. To our knowledge, 
this study is the first to leverage 10 years of patient data to 
examine the utilization, 30-day complication, and 30-day 
reoperation rates comparing UKA to HTO for the purpose 
of treating primary osteoarthritis in young patients.

Despite frequent utilization of osteotomies in Asian 
countries, the usage of HTOs in the United States remains 
significantly lower than arthroplasty [13–17]. Analysis of 
US insurance database claims from 2007 to 2011 reported 
UKA utilization rate to be 14.6 times higher than HTO [13]. 
Our study finds this trend to be consistent from 2011 to 2021 
with UKAs being performed 14.2 times more than HTOs 
(Fig. 2). Patient characteristics may hold a significant role 
in this usage disparity. Preferences for HTO over UKA in 
patients of younger age, lower BMI, and male sex have been 
previously expressed, which our analysis supports (Table 1) 
[10]. However, we also found that HTOs were deployed in 
patients with a mean BMI greater than previously published 
recommendations of a BMI < 27–30 [18, 19]. Similarly, 
despite limiting the study cohort to young patients, mean 
age during HTO was found to 5  years higher than in 
previous reports [13, 20]. Overall, this analysis of updated 
data suggests that despite low utilization of HTO, it is being 
deployed in increasingly diverse settings, possibly due to 
increased incidence and prevalence of osteoarthritis [21].

Although overall healthier patients were being selected 
for an HTO rather than a UKA, the HTO was associated with 
worse complication rates as seen in Table 4. Preoperative 
characteristics such as ASA class and hypertension are 
well-studied in retrospective orthopaedic cohorts [20]. This 
study described a preoperative cohort that is largely similar 
to previous studies, although 21% fewer HTO members 
had a “Non-disturbed” ASA designation and 22.4% more 
HTO patients had hypertension needing medication than a 
previous patient database examination [20]. It is possible 
that filtering by procedure and diagnosis of osteoarthritis 
in this study accounts for these differences, as physical 
debilitation and hypertension are commonly co-morbid 
with osteoarthritis [22]. Regardless, bivariate comparison 
of complications among groups revealed higher rates among 
HTO patients (Table  4). A systematic review of HTO 
outcomes found an intraoperative complication rate of 5.5% 
and a postoperative complication rate of 6.9%, consistent 
with the 7.19% complication rate found here (Table 4) [23]. 
In cohorts under the age of 65, 1.54% of UKA procedures 
reported myocardial infarction, deep joint infection, and 
pulmonary embolism, comparable to the 1.20% serious 
complication rate in this study [24].

Multivariate analysis confirmed that HTOs were 
associated with increased complications. There is a 

current lack of studies multivariate analysis that examines 
complications between HTO and UKA, but a systematic 
review of 559 patients showed that although HTO patients 
were younger, they experienced less favorable post-operative 
outcomes [10]. However, this analysis considered patients 
of all ages, and did not elucidate the effects of age, sex, and 
significantly different pre- and post-operative factors. Other 
authors analyzed 362 patients to find that UKA patients had 
an odds ratio of 2.03 for a good postoperative outcome [25]. 
Our analysis expands this evidence to 2,318 patients and 
controlled for the younger age, lower BMI, healthier ASA 
designation, and lower hypertension rates in the HTO group. 
This analysis showed a higher chance of any complication 
following HTO than previously described (odds ratio = 3.63, 
95% CI   1.58–7.74) and a higher chance of reoperation 
within 30  days (odds ratio = 3.21, 95% CI  1.04–8.68). 
Interestingly, although age is used as an indication for these 
procedures, it was not independently associated with short-
term complications. This supports emerging evidence from 
smaller studies that increased age is not a significant factor 
in HTO outcomes [26, 27]. Other studies conflict with this 
result and find age to predict early conversion to TKA [28], 
and hence, future study is needed to confirm this finding.

The complexity of each procedure and surgical expertise 
may play a significant role in the differences in postoperative 
characteristics. Procedure volume is a well-studied predictor 
of surgical outcomes across multiple surgical specialties, 
including arthroplasty [29–31]. It has also been studied as 
an important factor for revisions of TKA, which is a long 
term outcome following HTO and UKA [32]. The nearly 15 
times lower overall utilization of HTOs in the US, a + 4.7% 
annual growth rate of UKA utilization but -3.9% annual 
rate of HTO utilization, and increased UKA training during 
residency and fellowship may lead to disparities in expertise 
and complication rates between the procedures [13, 33, 34]. 
Moreover, new technologies have been credited in aiding 
the adoption of the UKA and lowering complication rates, 
further skewing UKA procedure complication rates and 
longevity over HTO [35, 36].

Health system cost and utility for the patient between 
UKA and HTO are also often discussed in decisions to offer 
one procedure over the other [37]. UKA has been noted to 
be more cost-effective for care systems due to decreased 
preoperative burden [38]. The lower operation time, shorter 
length of stay, and lower use of general anesthesia with UKA 
support this calculation (Table 3). A statistically significantly 
larger percentage of UKAs were also performed outpatient 
from 2011 to 2021. Outpatient procedures have been shown 
to have similar safety [39], greater satisfaction [40], and have 
been generally proposed as a more economically efficient 
procedure [41]. Moreover, while patient cost varies greatly 
by location, outpatient arthroplasty surgery does have 
some evidence of lower costs for patients [42]. Overall, 
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determining cost efficiency needs future work, including 
considerations for the cost of medical education, regional 
estimates, and stratification insurance type. However, our 
finding that UKAs procedures are more agile and popular 
in outpatient settings may have implications on care as 
outpatient procedures continue to increase [41].

Although the NSQIP database allowed for large-
scale analysis, there are several limitations to this study. 
While the demographic distribution is similar to the 
surgical population of the US, the data is voluntarily 
submitted from each participating hospital and may not 
be a nationally representative sample of procedures and 
complication rates [43]. Additionally, only a set of 30-day 
postoperative complication and revision rates were able 
to be tracked, which excluded patient reported outcomes, 
and functional outcomes such as range-of-motion where 
HTO has been proposed to provide advantages [10]. As 
prior surgical experience and volume can play a significant 
role in favorable outcomes, future analysis on surgeon 
experience may shed light on variations in postoperative 
characteristics. Longer term follow-up would have also 
provided analysis on revision rate to TKA, which is a 
frequent surgery in this patient population. As converting 
to TKA from HTO verses UKA has been linked with 
different outcomes, this may be an important metric to 
study in future work [44]. Additionally, despite our strict 
inclusion/exclusion criteria using both diagnostic codes 
and procedural codes to specify the patient population, 
there are several approaches to both HTO and UKA that 
were not able to be differentiated in this study [45–48].

Conclusion

Comparing usage, complication, and revision rates among 
interventions like the high tibial osteotomy and the 
unicompartmental knee arthroplasty for osteoarthritis in 
younger populations provides a perspective on short-term 
disparities between the treatments. This study found that 
although younger and healthier patients were generally 
selected for high tibial osteotomies, unicompartmental 
knee arthroplasties were found to have a lower risk of 
complications and need for reoperation, possibly due to the 
higher surgical volume and experience with arthroplasty. 
In addition, we note that arthroplasty had the advantage of 
lower operative burden, shorter length of stay, and a higher 
efficacy in outpatient settings.
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