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ABSTRACT 

 

Objective: To evaluate our results on functional outcome for both through-knee 

amputations and above-knee amputations. 

 

Methods: Functional outcome was measured using the Special Interest Group in 

Amputee Medicine score, which focuses on walking distance and use of prosthesis.  

 

Results: From 1997 to 2006, 39 through-knee amputations (53%) and 34 above-

knee amputations (47%) were performed. Eight (21%) of 39 through-knee 

amputations needed to be converted to above-knee amputations. Fifty patients (24 

above-knee amputations, 26 through-knee amputations) were eligible for follow-up. 

During follow-up, 71% (of above-knee amputations) and 69% (of through-knee 

amputations) did not walk with a prosthesis, and 29% of above-knee amputations 

and 27% of through-knee amputations walked more or less than 50 meter. 

 

Conclusion: Only a minority of patients is able to walk with a prosthesis, and a lot of 

the through-knee amputations need conversion to a higher level. On the basis of this 

results, it would be preferable to perform a straight above-knee amputation instead 

of a through-knee amputation if the correct amputation level is in doubt in high-risk 

patients. 
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INTRODUCTION 

The prevalence of peripheral arterial disease (PAD) in the Western population is 

approximately 4.0% and increases with age up to 15% to 52% in patients aged >70 

years.1-4 The primary goals of treatment of PAD are to improve walking distance, 

prevent major amputation, and relieve ischemic pain.5 Despite improvements in 

medically induced primary and secondary prevention of vascular risk factors and 

advanced endovascular and open treatment modalities for PAD, amputation is still 

needed in about 25% of all patients with end-stage peripheral arterial disease.5,6 

Rates of major lower extremity amputations show a large variation between different 

geographic areas, from 2.1 to 45.4 per 100 000 people per year due to racial 

differences, and disparity of epidemiology of other vascular risk factors.7 Feinglass et 

al8 reported an amputation rate of 25 per 100 000 people in 1996 in the United 

States. In these patients, a major amputation that preserves as much limb length as 

possible might be desirable. It is generally known that a lower level of amputation is 

considered to be related to decreased disability,9-12 especially when the knee joint 

can be saved.13,14 When the knee-joint cannot be spared, a through-knee amputation 

(TKA) can be performed instead of an above-knee amputation (AKA) because of 

reputed favorable rehabilitation.15 However, there is little evidence about the 

functional outcome of TKAs compared with AKAs. The aim of this study was to 

evaluate the results on functional outcome in our center for both TKAs and AKAs. 

METHODS 

Retrospective data were collected for all consecutive patients who underwent either 

TKA or AKA for PAD from January 1997 to December 2006 at the St Antonius 

Hospital, Netherlands. In all patients, amputation was needed because of end-stage 

PAD. Patients with leg amputations for reasons such as osteomyelitis or trauma were 

excluded. The level of amputation was determined by mutual agreement of a 

multidisciplinary team consisting of a vascular surgeon, rehabilitation specialist, and 

physiotherapist and was merely based on clinical indicators. Basically, the lowest 

possible amputation level was chosen. A preoperative magnetic resonance 

angiography or digital subtraction angiography was performed to evaluate aortoiliac 

inflow. In case of aortoiliac hemodynamic significant obstructions (>50%), 

percutaneous interventions with selective use of additional stent placement were 

performed to optimize inflow. Reasons for a primary AKA included iliac occlusions 

classified as Trans Atlantic Inter-Society Consensus D5 without revascularization 

possibilities, in combination with ischemic-induced sensibility disorders or skin 

circulation disorders around the knee joint as determined clinically, eventually 

completed with transcutaneous oxygen (TcPO2) measurements, or ischemic 
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ulceration at the level of the skin that would be required for skin flaps to perform a 

TKA. Through-knee amputations were performed using equal medial and lateral 

fasciocutaneous flaps with preservation of the femur condyles. The patella was not 

removed, and the patellar tendon was detached from its tibial insertion and fixated to 

the divided cruciate ligaments along with the hamstring tendons. A suction drain was 

positioned in the joint cavity during surgery. The AKA level was chosen 

approximately 12 cm above the knee joint with the use of equal anterior and 

posterior fasciocutaneous flaps, each half of the circumference of the thigh. The 

study did not need institutional review board approval. Patients’ data were collected 

using patient case histories and electronic files in a retrospective manner. 

Preoperative factors assessed included age, history of smoking; presence of diabetes 

mellitus, hypertension, or hypercholesterolemia; medical history with special 

attention to vascular aspects such as stroke or transient ischemic attack, myocardial 

infarction or coronary artery bypass graft, or previous peripheral vascular 

interventions; and indication for operation. Postoperative factors included 

complications such as wound infection, reintervention (including amputation at a 

higher level), delayed wound healing, and mortality. Follow-up was done by a 

rehabilitation specialist. Patients who were discharged to a rehabilitation center or 

nursing home had their follow-up until they reached their end-stage rehabilitation 

level. 

 

Table 1. Special Interest Group in Amputee Medicine mobility grades A – F18 

A Limb wearing abandoned or use of cosmetic limb only. 

B Therapeutic wearer wears prosthesis only for transfers, to assist nursing, 

walking with the physical aid of another or during therapy. 

C Walks on level ground only, ≤ 50 meters with or without use of walking aids. 

D Walks outdoors on level ground only and in good weather ≥ 50 meters, with or 
without use of walking aids. 

E Walks ≥ 50 meters. Independent of walking aids except occasionally for 
confidence or to improve confidence in adverse terrain or weather. 

F Normal or near normal gait. 

 

Eventual functional outcome was determined if the patient was no longer working on 

rehabilitation and was assessed by the Special Interest Group in Amputee Medicine 

(SIGAM) mobility grades (Table 1).17 Data were analyzed using SPSS 12.0 statistical 

software (SPSS Inc, Chicago, Illinois) and were examined using descriptive statistics, 

χ2 tests, and Fisher exact tests. Statistical significance was set as P <.05. 
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RESULTS 

In a 10-year period, 73 patients (49 men, 67%) underwent a TKA or AKA. The study 

group consisted of 39 TKAs (53%) and 34 AKAs (47%). Baseline characteristics are 

listed in Table 2. 

 

Table 2. Baseline characteristics. 

 TKA (n=39) AKA (n=34) P value 

Gender (male) 25 (64%) 24 (71%) .623 

Age (years) 71.5 (SD 11.0) 71.0 (SD 9.7) .829 

Diabetes 15 (38%) 11 (32%) .631 

Hypertension 20 (51%) 23 (68%) .458 

Hypercholesterolemia 12 (31%) 13 (38%) 1.000 

Current smoking 20 (51%) 19 (56%) .191 

History of MI or CABG 11 (28%) 10 (29%) 1.000 

History of stroke or TIA 16 (41%) 5 (15%) .019 

Indication    

 Restpain 8 (21%) 3 (9%) .02 

 Gangrene 25 (64%) 16 (47%)  

 Unsuccessful amputation 6 (15%) 15 (44%)  

Age is given in mean (SD; standard deviation), other values are given in number of cases 

(percentages). TKA, through-knee amputation; AKA, above-knee amputation; MI, myocardial infarction; 

CABG, coronary artery bypass graft; TIA, transient ischemic attack 

 

The number of patients with a history of stroke or transient ischemic attack differed 

significantly between both groups (TKA, 41% vs AKA, 15%; P <.05). There were 

various indications for amputation, like rest pain, gangrene, and progressive ischemia 

after an unsuccessful amputation. In the AKA group, the indication for operation was 

progressive ischemia after below-knee amputation in 44% of the cases. In the TKA 

group, the indication for amputation was progressive ischemia after below-knee 

amputation only in 15% of the patients. This was a significant difference (P <.05). 

Other baseline characteristics did not show statistically significant differences. 

Initial Results 

Postoperative complications are listed in Table 3. General complications (n=17), 

including pneumonia, urinary tract infection, or myocardial infarction, occurred in 16 

patients: 6 patients in the TKA group (15%) and 10 in the AKA group (29%, not 

significant [NS]). Stump-related complications occurred in 20 patients: 12 TKA (31%) 

and 8 AKA (24%, NS). Main complications consisted of wound infection (TKA, 9 [23%] 

vs AKA, 6 [18%], NS) and hemorrhage (TKA, 4 [10%] vs AKA, 6 [18%], NS). Due to 

persistent wound complications and ischemia, 8 (21%) of 39 TKAs had to be 

converted to above-knee level. 
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Table 3. Complication of operation. 

 TKA (n=39) AKA (n=34) P value 

General complications    

 Pneumonia 1 (3%) 5 (15%) .091 

 Urinary tract infection 4 (10%) 6 (18%) .499 

 Stroke 0 0  

 Myocardial infarction 1 (3%) 0 1.000 

Wound-related complications    

 Wound-infection 9 (23%) 6 (18%) .772 

 Re-amputation 8 (21%) 0 <.05 

 Delayed wound-healing 10 (26%) 3 (9%) .073 

 Hemorrhage 4 (10%) 6 (18%) .118 

TKA = through-knee amputation; AKA = above-knee amputation. 

 

The stump-related complications in the AKA group (superficial infections and 

hemorrhage) could all be treated with conservative measure; thus, none of the 

primary AKAs had to be converted to a higher level of amputation (P <.05). In all, 4 

of 8 (50%) patients with a converted TKA to AKA had a palpable ipsilateral femoral 

pulse. The 30-day mortality was 18% (TKA, 3; AKA, 10; NS). Mean length of 

hospitalization was 24 days (median, 19 days) for the TKA group and 29 days 

(median, 23 days) for the AKA group, which did not differ significantly between both 

groups. The mean length of hospitalization in the 8 TKAs that had to be converted to 

an AKA was 42 days (median, 32 days; range, 10-83 days), which was not 

significantly different from the nonconverted TKA group. The in-hospital mortality in 

this subgroup was 25% (2/8), versus 3% (1/31) in the nonconverted TKA group (P 

<.05). 

Follow-Up 

Two patients with a TKA were excluded from analysis because follow-up data were 

missing. Taking into account the 30-day mortality (TKA, 3; AKA, 10) and the 8 

patients with a converted TKA, 26 TKA patients and 24 primary AKA patients were 

analyzed during follow-up. Mean follow-up was 250 days (median, 80 days). Most 

patients (54% TKA versus 52% AKA, NS) had a permanent stay in nursing houses 

with daily nursing care. Considering functional outcome, approximately 40% of the 

patients (TKA, 10 [39%] versus AKA, 9 [38%], NS) had a prosthesis (Table 4). In 

each group, one of the patients had their artificial leg only to facilitate transfers or 

nursing. Reasons for not getting an artificial leg were death, serious cardiopulmonary 

comorbidity, contralateral amputation, or mental disease (i.e., dementia or Korsakov 

syndrome). 
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Table 4. Prosthesis supply 

 TKA (n=26) AKA (n=24) Total (n=50) 

Did not receive prosthesis 16 (62%) 15 (63%)a 31 (62%) 

Did receive prosthesis 10 (38%) 9 (38%) a 19 (38%) 

a
Sum is more than 100% due to the round off 

 

Functional outcomes of the patients during follow-up expressed in SIGAM mobility 

grade are listed in Table 5. Level C or higher (able to walk with use of an artificial leg) 

was reached by 8 (31%) TKA and 7 AKA (29%) patients. In all, 3 of 8 patients with 

early conversion of TKAs to AKAs still were able to wear a prosthesis, and 2 reached 

ambulatory status, with respective SIGAM mobility grades of C and F. In Figures 1 

and 2, a successful example of a through-knee and an above-knee amputation is 

shown, respectively. 

 

Table 5. Functional outcome of through-knee amputation versus above-knee 

amputation expressed by Special Interest Group in Amputee Medicine mobility grade. 

SIGAM score TKA (n=26) AKA (n=24) Total (n=50) 

A 17 (65%) 16 (67%)a 33 (66%) 

B 1 (4%) 1 (4%)a 2 (4%) 

C 3 (12%) 4 (17%)a 7 (14%) 

D 4 (15%) 3 (13%)a 7 (14%) 

E 1 (4%) 0 1 (2%) 

F 0 0 0 
aSum is more than 100% due to the round off 

DISCUSSION 

Literature comparing through-knee and AKA is sparse and often dated. A recent 

study by Lim et al18 compared TKAs with AKAs and found higher rates of revision for 

the TKA (20%) compared with the AKA (0%). Hagberg et al11 demonstrated that the 

higher the level of amputation, the lower the degree of rehabilitation and less use of 

prosthesis. Previous studies have emphasized the need to preserve as much length 

as possible if an amputation is inevitable.9-11,16,19 Reasons given for preferring TKA 

rather than AKA include an increased stability when transferring and sitting and 

reduced dependence on long-term nursing care after TKA. Conversely, it is also 

known that TKAs have a lower primary healing rate.15,18 Stirnemann et al15 reported 

that through-knee amputees had a greater risk of delayed wound healing and 

reamputation compared with above-knee amputees. A possible explanation for this 

could be continued ischemia due to the lower amputation level. In the studied 

patients, we observed that reasons for diminished mobility were serious 
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cardiopulmonary comorbidity and mental disease (i.e., dementia). This is in 

accordance with known clinical predictors of poor rehabilitation, which are advanced 

age (70 years or older), limited preoperative ambulatory level and presence of major 

comorbidity like dementia, end-stage renal disease, or advanced coronary artery 

disease.20 Another rational predictor of a poor postoperative functional outcome is 

edema of the leg, which disables tension-free closure of the stump. 

 

Figure 1. Functional stump after through-knee amputation; left panel: frontal view; 

right panel: side view. 

 

 

Because PAD is a manifestation of cardiovascular disease, these patients are prone to 

present with other cardiovascular morbidities. Patients with end-stage PAD are a 

population at especially high risk. More than one-fifth of the TKAs in our series had to 

be converted to above-knee level. This resulted in a prolonged but not significant 

length of hospitalization and increased complication rate. Thirty-day mortality in our 

total patient group was high at 18% but even higher for the subgroup of patients 

who needed conversion of their TKA to the above-knee level (25%). The in-hospital 

mortality of this subgroup (n=8) was significantly higher compared with the patients 

with nonconverted TKAs. Primary TKA should be reserved for patients with less 

cardiopulmonary comorbidity and no lower leg skin ulcers, which obstructs tension-

free skin flaps during TKA. During the follow-up, most patients in both TKA and AKA 

groups (62% vs 63%, NS) were unable to rehabilitate with use of a prosthesis. No 

significant differences could be found in functional outcome, with most patients only 
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reaching level A according to the SIGAM score. Most patients needed daily nursing 

care, which was not significantly different between both groups. 

 

 

Figure 2. Frontal view of a healed, 

functional stump after above-knee 

amputation.

 

Limitations of this study might be the retrospective character and the limited 

numbers of patients. Finally, the choice of level of amputation was based on clinical 

parameters and was determined by agreement of a multidisciplinary team. Patent 

iliac inflow was considered one of the major criteria to perform an amputation at the 

through-knee level, as were the absence of skin ulcerations and sensory deficits at 

the level of the knee joint. We did not use other objective parameters, like TcPO2. In 

the literature, there might be some evidence that TcPO2 could be helpful in the 

determination of the optimal level of amputation,5,21-23 and in 2007, we introduced 

this system in our hospital. 

In conclusion, in patients, who need a lower extremity amputation due to end-stage 

peripheral vascular disease, morbidity and mortality rates are high. Many patients 

suffer complications and need conversion to a higher level, especially after TKA. We 

demonstrated that conversion of TKA to AKA level is related to prolonged hospital 

stay and an even higher mortality rate and therefore must be prevented. Only in a 

minority of patients, there is a reasonable rehabilitation. According to this and the 

equal rehabilitation outcomes during follow-up, we argue in favor of a primary AKA 

instead of a TKA, if there is doubt in determining the correct level of amputation. 
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