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Multi-ligament injures of the knee:  
does the age matter?  
A long-term retrospective study
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BACKGROUND
Traumatic knee dislocation is a rare but devastating knee 
injury. It is more often caused by high velocity than low 
velocity accidents (1). Often it is referred to as multi-liga-
ment injury, as it typically results in a rupture of both cruci-
ate ligaments and at least one additional peripheral knee 
structure such as the medial or lateral collateral ligament. 
Furthermore, a multi-ligamentous injury is often accompa-
nied by injuries of the menisci, capsule and less frequently 
by fractures and neurovascular lesions (2). 
Treatment of such multi-ligament injuries is either a direct 
primary repair or reconstruction of all or parts of the 
injured ligaments. In sedentary patients with low functional 
demands immobilisation in a brace might be an option. 
The time interval from injury has been considered an import-
ant factor for outcome in this challenging group of patients, 
which is documented in a considerable number of studies. 

However, the patients’ age as negative prognostic factor 
is still under debate. Age is an important factor in several 
modern therapeutic decision-making systems in orthopae-
dic surgery. Generally, one can state that with increasing age 
the healing capacity of soft tissue decreases and this then 
might lead to inferior outcomes. 
Traditionally a higher age at time of injury is considered as 
worse prognostic factor, albeit data is lacking for patients 
with multi-ligament injured knees. Most studies on multi-lig-
ament injured knees did not investigate the influence of age 
on clinical outcomes (3-12). 
Hence, it was the purpose of this study to perform a 
single-centre retrospective study and compare the long-term 
outcomes of younger and older patients. It was hypothe-
sized that patients’ age has a significant influence on subjec-
tive and objective clinical and functional outcomes after 
multi-ligament injuries to the knee. 
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SUMMARY
Background. The aim of this large retrospective long-term study was to investigate if age can 
be considered as prognostic factor for inferior outcomes after treatment of multi-ligament 
injuries of the knee. Methods. A retrospective study of the long-term outcomes of patients 
(n = 89) treated with multi-ligament injured knees was performed. Four age groups (< or > 
28 years at injury and < or > 41 years at follow-up) were investigated. The visual analogue 
scale (pain and satisfaction), Lysholm score, Tegner score, Knee Society Score, SF-36 health 
questionnaire, cruciate ligament laxity by KT-1000, IKDC2000, need for workers’ compen-
sation, conventional and stress radiographs were assessed. Pearson correlations and t-tests 
were used to test for differences between the groups (p < 0.05). Results. Sixty-eight patients 
with a follow-up of 12 ± 8 years showed no significant difference with regards to age groups 
at follow-up in the total SF-36 health questionnaire, the VAS pain, VAS satisfaction, the 
total Knee Society score, the Tegner score (before, after and relative), the need for workers’ 
compensation and the change of occupation. Conclusion. This study showed no significant 
correlation between the age of patients at injury and the outcomes after multi-ligament knee 
injuries. It seems that other factors such as injury pattern are more important factors for 
outcomes after multi-ligament knee injuries than age. 
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MATERIALS AND METHODS
All patients who had undergone surgery for multi-ligament 
injury of the knee between January 1980 and August 2006 
were retrospectively investigated, yielding 89 patients (table 
I). Only patients who had been primarily treated at a single 
centre with complete open reconstruction of all injured 
knee structures were included. Figure 1 shows a patient 
flow chart and the selection process, leading to a total of 68 
patients. In 5 cases participation was denied and only 2 were 
lost to follow-up. 
The treatment strategy was a one stage regimen aiming for an 
open complete ligament reconstruction on both the central 
pivot and the peripheral injuries. The anterior cruciate liga-
ment (ACL) as well as the posterior cruciate ligament (PCL) 
were treated with primary reconstruction or direct refixation 
in the case of bony avulsions. The collaterals and postero-
medial and posteromedial corner structures were directly 
repaired in order to get the best possible anatomical resto-
ration of the biomechanics of the knee joint. The detailed 
treatment algorithm has been previously described (13).
The follow-up time was 12 ± 8 years (range 1-34). Of the 
68 patients, 58 were males and 10 females. All patients had 
an injury of both the ACL and the PCL, according to the 
inclusion criteria. 
Among the younger subjects a sports accident (54.3%) was 
the most common cause. A work-related injury was more 
frequent in older (15.2%) than in younger (5.7%) patients.
Almost all additional injuries were less common in older 
patients. Similar in terms of frequency were lesions of the 
superficial MCL (71.4% vs. 72.7%), the deep MCL (65.7% 
vs. 63.6%) as well as of the medial meniscus (22.9% vs. 
21.2%). More than twice as frequent in younger patients 

Table I: Demographics

Mean age at injury (years) 30±11

Side of injury (right,left) n=32 (47%), n=36 (53%)

Gender (male, female) n=58 (85%), n=10 (15%)

Mean height (cm) 176±8

Mean weight (kg) 79±11

BMI 25±3

Insurance status (private, public) n=19 (28%), n=49 (72%)

Sport activity prior trauma

none n=11 (17%)

only rarely n=33 (50%)

regularly n=22 (32%)

not comment n=2 (3%)

n = 89
patients with traumatic knee dislocation treated between 
January 1980 and August 2006

n = 82 included

n = 68 study sample

n = 74 participated

n = 5 refused to participate

n = 2 lost of follow-up

n = 6 secondarily treated

n = 1 died to non-knee 
related reason

n = 7 excluded
living in Egypt, Turkey, Australia, 
France, Italy, Thailand, Slovenia

Figure 1 - Patient selection.

Table II - Patients demographics.

smoking n = 33 (49%)

injury pattern
ACL n = 68 (100%)

PCL n = 68 (100%)

MCL n = 49 (72%)

POL n = 44 (65%)

medial meniscus n = 15 (22%)

semimembranosus muscle n = 5 (7%)

LCL n = 22 (32%)

popliteus tendon n = 21 (31%)

biceps tendon n = 8 (12%)

lateral meniscus n = 20 (29%)

peroneal nerve n = 3 (4%)

popliteal artery (intimal) n = 2 (3%)

were injuries of the LCL (45.7% vs. 18.2%), of the later-
al meniscus (40.0% vs. 18.2%) and of the biceps tendon 
(17.1% vs. 6.1%). Only fractures (12.1% vs. 2.9%) and 
semimembranosus muscle lesions (9.1% vs. 5.7%) were 
more common in older patients. The most common injury 
overall was a lesion of the superficial MCL, followed by the 
deep MCL (table II).
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The most common injuries in younger patients were 
sports-related (54.5%), whereas in older ones these were 
motor vehicle accidents (45.7%).
The most common lesion was a lesion of the superficial 
MCL, which occurred in 69.7% of the older and 74.3% of 
the younger patients, followed by the deep MCL (60.6% 
and 68.6%). The differences between younger and older 
patients were inhomogeneous, as described in table III.
ACL lesions were treated by ACL reconstruction in 48 patients 
(71%), by refixation in 10 patients (15%) and by suture in 10 
patients (15%). The PCL was refixated in 27 patients (40%), 
sutured in 19 patients (28%) and reconstructed in 21 (31%) 
patients. Overall, 13 patients (19%) had a repair of both the 
ACL and the PCL and 14 patients (21%) had a reconstruc-
tion of both cruciate ligaments. The most common additional 
procedure was primary repair of the MCL (60%). The LCL 
was primarily repaired in 31% of the cases. Sutures of the 
lateral (31%) and of the medial (22%) meniscus were more 
frequent than partial meniscectomy (10%). A reconstruction 
of the peroneal nerve was needed in 3% of patients. A vascu-
lar reconstruction was not necessary.
The patients were then divided into subgroups according to 
their age, using the median as threshold. At the time of the 
accident the whole study population was divided into two 
groups with 35 subjects under and 33 patients over 28 years 
of age (median 27.9 years). At last follow-up there were 33 
patients younger than 41 and 35 patients older than age 41 
years (median 41.3 years).

The follow-up was done by an independent orthopedic 
surgeon not being involved in the previous treatment. The 
clinical outcome was assessed using the IKDC2000 (Inter-
national Knee Documentation Committee Standard Evalu-
ation Form) , the SF36 (short form 36), a visual analogue 
scale (VAS) for pain (0-10) and satisfaction (10-0), the 
Lysholm score (14,15), the Tegner score and the Knee soci-
ety score (KSS) .
The stability of the ligaments was assessed through Lach-
man test, drawer test, pivot shift and varus/valgus stress in 
30° flexion. Ligament laxity was quantified using a KT-1000 
arthrometer (Medmetric, San Diego, U.S.A.) with forces of 
67 N, 89 N and 134 N in 25° flexion.
The study was approved by the local ethics committee (EK 
307/06). All procedures performed, were in accordance 
with the ethical standards of the institutional and/or nation-
al research committee and with the 1964 Declaration of 
Helsinki and its later amendments or comparable ethical 
standards. Informed consent was obtained from all individ-
ual participants included in the study.

Statistical analysis
Discrete variables were recorded as absolute and relative 
frequencies. The means, standard deviations and rang-
es of continuous variables were calculated. If a value was 
missing, the mean was used instead. Correlations between 
groups were made using the Pearson’s correlation. A statis-

Table III - Injury (n = 68).

age at injury < 28 age at injury > 28 age at follow-up < 41 age at follow-up > 41
Types of injuries
sports-related injury 19 (54.3%) 14 (42.4%) 18 (54.5%) 15 (42.9%)

motor vehicle accident 14 (40.0%) 14 (42.4%) 12 (36.4%) 16 (45.7%)

work-related injury 35 (5.7%) 40 (15.2%) 38 (9.1%) 37 (11.4%)

Injury pattern
superficial MCL 25 (71.4%) 24 (72.7%) 23 (69.7%) 26 (74.3%)

deep MCL 23 (65.7%) 21 (63.6%) 20 (60.6%) 24 (68.6%)

LCL 16 (45.7%) 6 (18.2%) 12 (36.4%) 10 (28.6%)

medial meniscus 8 (22.9%) 7 (21.2%) 9 (27.3%) 6 (17.1%)

lateral meniscus 14 (40.0%) 6 (18.2%) 8 (24.2%) 12 (34.3%)

popliteus tendon 13 (37.1%) 8 (24.2%) 11 (33.3%) 10 (28.6%)

biceps tendon 6 (17.1%) 2 (6.1%) 4 (12.1%) 4 (11.4%)

patellar ligament 2 (5.7%) 1 (3.0%) 1 (3.0%) 2 (5.7%)

fracture 1 (2.9%) 4 (12.1%) 3 (9.1%) 2 (5.7%)

semimembranosus muscle 2 (5.7%) 3 (9.1%) 2 (6.1%) 3 (8.6%)

peroneal nerve 2 (5.7%) 1 (3.0%) 2 (6.1%) 1 (2.9%)
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Table IV - Subjective and objective outcomes at last follow-up.

age at injury < 28 age at injury > 28 age at follow-up < 41 age at follow-up > 41

Knee Society score 185.38 (+/- 13.8) 188.03 (+/- 16.59) 186.94 (+/- 14.08) 186.46 (+/- 16.32)

VAS pain 1.51 (+/- 1.65) 1.18 (+/- 1.61) 1.55 (+/- 1.73) 1.17 (+/- 1.52)

VAS satisfaction 8.57 (+/- 1.5) 8.94 (+/- 1.32) 8.58 (+/- 1.58) 8.91 (+/- 1.25)

Tegner score preinjury 7.6 (+/- 1.75) 6.36 (+/- 1.66) 7.88 (+/- 1.76) 6.17 (+/- 1.42)

Tegner score at follow-up 5.03 (+/- 2.41) 4.67 (+/- 2.38) 5.85 (+/- 2.5) 3.91 (+/- 1.85)

relative Tegner score 0.67 (+/- 0.28) 0.72 (+/- 0.29) 0.75 (+/- 0.27) 0.64 (+/- 0.3)

Lysholm score uninjured side 96.89 (+/- 9.15) 98.48 (+/- 3.83) 98.06 (+/- 7.89) 97.29 (+/- 6.31)

Lysholm score injured side 79.97 (+/- 17.19) 86.45 (+/- 16.02) 82.76 (+/- 16.4) 83.46 (+/- 17.46)

relative Lysholm score 0.83 (+/- 0.17) 0.88 (+/- 0.16) 0.85 (+/- 0.16) 0.86 (+/- 0.18)

secondary surgeries 0.51 (+/- 0.51) 0.42 (+/- 0.5) 0.33 (+/- 0.48) 0.6 (+/- 0.5)

workers compensation 0.11 (+/- 0.32) 0.09 (+/- 0.29) 0.12 (+/- 0.33) 0.09 (+/- 0.28)

change of profession 0.17 (+/- 0.38) 0.18 (+/- 0.39) 0.15 (+/- 0.36) 0.2 (+/- 0.41)

tical difference between the groups of older and younger 
patients was sought. The t-test was performed and a p-val-
ue of < 0.05 was considered as statistically significant. A 
post hoc sample size analysis showed significant sample size 
for the study questions analysed.
The calculations were performed using statistical package 
for the social sciences (SPSS) for Windows, version 13.0 
(Chicago, U.S.A.).

RESULTS
When considering age at injury the Knee Society score was 
higher in older (188.03 +/- 16.59) than in younger (185.38 
+/- 13.8) patients. There low pain scores in both groups 
(VAS 1.51 +/- 1.65 and 1.18 +/- 1.61). After injury there 
was a decreased Tegner score by 0.67 +/- 0.28 in younger 
and by 0.72 +/- 0.29 in older patients. Likewise, the relative 
Lysholm score was 0.83 +/- 0.17 in younger and 0.88 +/- 
0.16 in older subjects. Furthermore, younger patients had 
slightly more need for secondary surgeries (0.51 +/- 0.51 vs. 
0.42 +/- 0.5) and for workers compensation (0.11 +/- 0.32 
vs. 0.09 +/- 0.29).
When considering age at follow-up the Knee Society score 
was the same among all patients and not dependent from 
age. There was a high level of satisfaction in both younger 
(VAS 8.58 +/- 1.58) and older (VAS 8.91 +/- 1.25) patients. 
The Tegner score postoperatively decreased more in young-
er (0.75 +/- 0.27) than in older (0.64 +/- 0.3) patients. The 
relative Lysholm score was not statistically different in the 
younger (0.85 +/- 0.16) and in the older (0.86 +/- 0.18) 
patients’ group. 

A lower Tegner score, representing lower sports activity 
level, was found with higher age at injury and at follow-up 
(p < 0.05). In all patients the need for secondary surgeries 
were more frequent with higher age (p < 0.05).
When considering age at follow-up it was seen that in 
the patients’ group under 41 years, a higher age led to a 
decreased Lysholm score on the injured side (p < 0.05). In 
the patients’ group over 41 years a higher age at injury led to 
a greater increase of the Lysholm score (p < 0.05). In both 
groups, the longer the time was which had passed since the 
injury the more secondary surgeries were performed (p < 
0.05, table III-V). 

DISCUSSION
The most important finding of the present study was that 
clinical and functional long-term outcomes after surgical 
treatment of multi-ligament injured knees are not significant-
ly influenced by age of the patient at time of injury. Based on 
the findings of the present study, age at time of surgery has 
no significant correlation with SF-36 health questionnaire, 
VAS pain, VAS satisfaction, the Knee Society Score or even 
the need for worker’s compensation. Furthermore, the age at 
last follow-up did also not significantly influence sports activ-
ity reflected by the Tegner score or the need to change the 
occupation. The only positive correlation was found for age 
at time of injury and the Tegner score as well as the need for 
secondary surgery. In addition, the Lysholm score showed 
few positive correlations with age. However, as there were 
only few correlations positive a possible correlation bias 
cannot be excluded. It might be that these were only positive 
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Table V - Univariate analysis of outcome data.

Age at injury

age at injury < 28 age at injury > 28

 age at follow-
up

age at injury years since 
injury

age at follow-
up

age at injury years since 
injury

SF-36 total -0.025 -0.119 0.028 -0.016 0.106 -0.150

VAS pain -0.057 0.21 -0.076 0.002 -0.59 0.073

VAS satisfaction 0.075 -0.092 0.131 -0.116 -0.044 -0.126

KSS total -0.045 -0.227 0.057 -0.189 -0.097 -0.173

Tegner before -0.198 -0.116 -0.172 -0.4642 -0.330 -0.317

Tegner after -0.4622 -0.3581 -0.3611 -0.3781 -0.080 -0.4812

Tegner relative -0.3761 -0.260 -0.308 -0.135 0.136 -0.3671

Lysholm score uninjured side -0.316 -0.161 -0.287 -0.283 -0.147 -0.258

Lysholm score injured side -0.4221 -0.279 -0.352 0.179 0.163 0.080

Lysholm realtive -0.266 -0.207 -0.207 0.251 0.199 0.147

secondary surgeries 0.4881 0.136 0.4962 0.4301 0.009 0.6462

workers’ compensation -0.102 0.238 -0.232 -0.103 -0.109 -0.028

change of occupation 0.097 0.3621 -0.062 0.114 -0.41 0.223

Age at follow-up

age at follow-up < 41 age at follow-up > 41

 age at follow-up age at 
injury

years since 
injury

age at follow-up age at injury years since 
injury

SF-36 total -0.097 -0.156 0.039 -0.101 0.064 -0.253

VAS pain 0.027 0.24 0.008 0.004 -0.076 0.130

VAS satisfaction -0.028 0.002 -0.032 -0.079 -0.012 -0.097

KSS total -0.061 0.079 -0.140 -0.057 -0.038 -0.021

Tegner before -0.031 -0.065 0.024 -0.290 -0.279 0.034

Tegner after -0.216 -0.041 -0.200 0.033 0.232 -0.332

Tegner relative -0.231 0.008 -0.261 0.154 0.320 -0.301

Lysholm score uninjured side -0.252 0.026 -0.300 -0.052 0.090 -0.224

Lysholm score injured side -0.3851 -0.191 -0.251 0.333 0.3591 -0.101

Lysholm realtive -0.280 -0.218 -0.111 0.3521 0.325 -0.018

secondary surgeries 0.213 -0.190 0.4041 0.086 -0.294 0.6102

workers’ compensation 0.011 0.062 -0.043 -0.169 -0.027 -0.203

change of occupation 0.084 0.121 -0.016 0.056 -0.020 0.116
1Correlation is significant at the 0.05 level (2-tailed).
2Correlation is significant at the 0.01 level (2-tailed).
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by chance. Therefore, the study hypothesis of a correlation 
between age and the outcome cannot be confirmed.
Only few other studies have focused on the age of patients 
with multi-ligament injured knees. In contrast to the pres-
ent study Levy et al. described a lower absolute Lysholm 
score (76.9 vs. 68.5; p = 0.04) and a lower IKDC (73.3 vs. 
61.9; p = 0.01) in patients older than 30 years at surgery 
(16). A total of 125 patients were included with a follow-
up time of 5 years, which is markedly shorter than in the 
present study. The average age at surgery was 31 years. In 
this study the age at injury was not published and might 
differ from ours due to secondary surgeries (16.8%). Five 
different age groups in each 10-years step were analysed. 
The youngest being 11- to 20 years, the oldest ≥ 51 years. 
Only a significant difference between the 21 to 30 years age 
group and the 31 to 40 years age group was found (17.9 
points for IKDC and 15.4 points for Lysholm, p < 0.01). 
Surprisingly, the middle age group (31 to 40 years) had 
the lowest Lysholm and IKDC scores. Taking all this into 
consideration one might speculate if not a similar outcome 
in younger and older patients might have been shown using 
a different group sizing or statistical analysis. The question 
is if this is a real finding or just due to chance. 
Another study by Richter et al. found that the Tegner and 
Lysholm scores were significantly higher in patients younger 
than 40 years of age at time of injury (17)17. However, IKDC 
scores and Lachman test were not reported. The age at inju-
ry was 33.5 (15-76) years, which is higher than in the pres-
ent study. The authors described 89 patients and studied 
the follow-up on 77 of them after surgical or conservative 
treatment with a shorter mean follow-up time (8.2 years). 
The reported inferior outcome in older patients might also 
be influenced by more conservative regimens in the older 
patient group. Unfortunately, it is not clear how old the 
patients were who received which treatment, nor how many 
of them did have a follow-up. 

These two studies have in common that they found an infe-
rior outcome in older age groups after multi-ligament inju-
ry of the knee. However, the message is not unambigously 
clear as it appears at first glance. Several correlations appear 
not to be significant and even contradictory. 
Clearly, the present study shows no significant correlation 
between age and several major outcome parameters. One 
strength of the present study is the rather large number of 
patients (n = 68) treated, despite being such a rare inju-
ry. This study reports complete results on the long-term 
outcomes throughout the long follow-up of 12 ± 8 years. 
Another strength is the high number of evaluated param-
eters, thus leading to a comprehensive analysis. In addi-
tion, this is a consecutive single centre series which keeps 
the sample rather homogenous and finally makes the results 
comparable with others. 
As all retrospective studies this study might have the inher-
ent problem of selection bias and confounding factors. The 
selection bias is limited due to the fact that it was a consecu-
tive series. Confounding factors were attributed to by using 
a comprehensive, rather complete clinical analysis.
The present study showed no correlation between the age 
of patients at time of injury or last follow-up and clinical 
outcomes after multi-ligament knee injuries. Hence, treat-
ment algorithms should not be based on age as single differ-
entiating factor. 
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