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Purpose Anterior knee pain (AKP) is one of the most

common complications after tibia intramedullary surgery.

We evaluated changes in patellar tendon length after tibia

intramedullary nailing surgery using a transtendinous

approach and assessed the importance of nail position in

relation to the anterior tibial cortex and joint line.

Methods Two surgeons blinded to patients’ pain status

measured both the knee Insall–Salvati and Caton–

Deschamps indexes on 30� flexion lateral knee X-rays of

33 patients. Superior nail prominence (the distance from

the proximal tip of the nail to the tibial plateau) and

anterior nail prominence (the distance from the anterior tip

of the nail to the anterior tibial cortex) were measured on

the CT.

Results Clinical assessment showed that 10 patients

(30 %) had AKP at the last follow-up. HSS and Lysholm

scores and the incidence of AKP were similar between

patients whose IM nails were removed and those who still

had them. HSS score, Insall–Salvati, and Caton–

Deschamps indexes were significantly lower in the oper-

ated extremity than in the healthy limb at last follow-up.

No association was demonstrated between AKP and nail

position in relation to the anterior tibial cortex or tibial

plateau.

Conclusions According to our study, although the patellar

tendon shortened significantly on the affected side com-

pared with the contralateral side, these measurements did

not correlate with the presence or absence of pain. AKP

and functional knee scores after tibia IM nailing using a

transtendinous approach were not associated with nail

position in relation to the anterior tibial cortex or tibial

plateau.

Level of evidence Level 3 (Case control study).

Keywords Anterior knee pain � Tibia intramedullary

nailing � Patellar tendon shortening � Transpatellar

approach

Introduction

Anterior knee pain (AKP) is one of the most common

complications following intramedullary (IM) nailing of the

tibia [1]. Although the etiology of AKP after IM nailing is

multifactorial, removal of the nail does not necessarily

result in a cure [2, 3]. Furthermore, the severity of this
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complication is associated significantly with patient-re-

ported functional outcomes [3]. Sagittal patellofemoral

(PF) malalignment may be related to IM tibia nailing,

predisposing patellar cartilage to increased loading [4].

Pain usually becomes apparent several months after the

procedure. The literature has conflicting reports on the

association between nail position, insertion point, and

AKP.

Patellofemoral contact pressure was reported to be

higher during a suprapatellar nail insertion than an infra-

patellar approach [5]. Vaisto et al. and Toivanen et al.

reported similar prevalences of chronic AKP and func-

tional outcomes after a transpatellar tendon approach and a

paratendinous approach for IM nailing of a tibial shaft

fracture [6, 7]. In contrast, Keating et al. reported reduced

pain problems using a paratendinous approach [8].

Regardless of the approach, the nail insertion site is close

to the anterior medial meniscal root on the tibial plateau

[9]. This insertion site may increase risk of iatrogenic

meniscal root injury and may result in AKP, especially in

smaller patients [9].

The purpose of this study was to evaluate the incidence

of AKP following intramedullary nailing of isolated dis-

placed tibia and fibula diaphyseal fracture using a trans-

tendinous approach. In addition, we aimed to assess

whether this surgery affects the patellar tendon.

Patients and methods

The ethical committee approved review of patients diag-

nosed with isolated displaced tibia fracture at a single

trauma center. Informed consent was obtained from each

patient.

Charts were analyzed for demographic data including

gender, age, clinical symptoms, surgical information

including fracture etiology, classification, locking screws,

nail removal, and complications. Inclusion criteria were

isolated displaced tibia and fibula diaphyseal fractures,

operated on using a Trigen intramedullary (IM) nail system

(Smith and Nephew) by a transtendinous approach.

Patients with a pathological fracture (one patient) or mul-

tiple traumas (two patients) and patients who were lost to

follow-up (six patients) were excluded from the study.

Surgical intervention and postoperative regimen

A longitudinal incision was made through the midline of

the patellar tendon for a distance of 3–5 cm. The entry

point for the nail was fashioned in the midline using a

curved awl. A guide wire was inserted through the insertion

hole and passed into the distal fragment under reduction.

The medullary cavity was reamed 1 mm larger than the

nail’s diameter. In all cases, two proximal and two distal

static locking screws were used. Absorbable sutures were

used for closure. Fluoroscopy use was noted after the

procedure. Neither cast nor brace was used for immobi-

lization. Isometric quadriceps and active ankle dorsiflex-

ion–plantar flexion exercises were begun immediately after

surgery. Excluding exceptional cases, the standard antibi-

otic cefazolin sodium was applied. Subcutaneous enoxa-

parin sodium (1 9 40 mg, 0.4 mL) injection and

antiembolic stockings were used to prevent deep venous

thrombosis for 30 days starting on the first day of injury.

All radiographs were taken from a plate-beam distance of

115 cm using Siemens Multix Compact and Siemens Ysio

(Munich, Germany) digital radiography devices. Digital

images were evaluated on the screen and archived. Patients

underwent physical examinations, and the same radio-

graphs were obtained at 1, 2, 3, 6, 12, and 24 months. The

time to mobilization was noted for each patient. Patients

were advised to use two crutches with touchdown weight

bearing in the first 2–3 weeks and then to proceed with full

weight bearing as tolerated. At the one-month follow-up

evaluation, patients were advised to use one crutch in the

contralateral hand. Patients were told to stop using assistive

walking devices whenever they felt they no longer needed

them.

Assessment of functional outcomes

The last follow-up consisted of an additional clinical and

radiological evaluation. Patients were asked about the

presence of AKP. The ‘‘Hospital for Special Surgery Knee

Rating Sheet’’ (HSS score) and Lysholm scores were used

for the investigation of knee function. With regard to the

HSS scoring system, three main parameters of pain, sta-

bility, and range of motion were judged and that flexion

contracture, extension lag and misalignment were dealt

with as deductions. Lysholm Knee Scoring Scale is a

patient-completed questionnaire where each possible

response to each of the eight items (limp, support, locking,

instability, pain, swelling, stair climbing, and squatting)

has been assigned an arbitrary score on an increasing scale.

Circumference of the thigh was measured 10 cm from

above the upper pole of the patella to examine thigh muscle

atrophy. Time to full load bearing and return to work were

also noted.

Radiographic measurements and inter-observer

reliability

The following images were obtained on 30- to 40-cm

cassettes: full weight-bearing anteroposterior, lateral with

full extension, 30� flexion lateral, both knee and tibia

X-rays, and tibia computed tomography (CT). Measure-

ments were obtained using a Syngo Plaza (ver.
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VA20DHF1; Siemens) measuring device on digital radio-

graphs at final follow-up. All results were calibrated

according to the ratio of the known length of the nail to its

length on the digital image.

In the radiological assessment, two surgeons blinded to

patients’ clinical information measured the following

parameters: both knee Insall–Salvati and Caton–

Deschamps indexes by assessing 30� flexion lateral knee

X-rays. Superior nail prominence (A, the distance from the

proximal tip of the nail to the tibial plateau) and anterior

nail prominence (B. the distance from the anterior tip of the

nail to the anterior tibial cortex) were measured on the CT

(Fig. 1).

The Insall–Salvati ratio was calculated by measuring the

length of the posterior surface of the tendon from the lower

pole of the patella to its insertion on the tibia and the

greatest pole-to-pole length of the patella [10]. The Caton–

Deschamps ratio was calculated by measuring the distance

between the upper part of the tibia to the inferior part of the

patella and the length of articular surface of the patella

[11]. The distance between joint line and proximal screw

was measured.

Inter-observer reliability for the Insall–Salvati ratio and

Caton–Deschamps ratio was assessed using intraclass

correlation coefficients (ICC), calculated from measure-

ments on a subset of 30 radiographs, for each observer. The

Bland–Altman method was used. Agreement was consid-

ered excellent if ICC was [0.80, 0.70–0.80 very good,

0.60–0.70 good, 0.40–0.60 fair, and\0.40 poor.

Statistical analyses

The Kolmogorov–Smirnov test was used to assess the

distribution of variables. In the analysis of quantitative

data, the Mann–Whitney U test was used. The Wilcoxon

test was used to analyze the repeated measures. Qualitative

data were analyzed using the v2 test. For correlations,

Spearman’s correlation analysis was used. All statistical

analyses were performed using SPSS software (version

22.0; SPSS Inc., Chicago, IL). A p value of B0.05 was

considered to indicate statistical significance.

Results

Thirty-three patients (11 females and 22 males) with a

minimum follow-up period of 4 years who were treated by

IM nailing for isolated fractures of both the tibia and fibula

were enrolled. Patients’ mean age was 43 (range 24–64)

years, and the mean follow-up period was 6.6 (range 4–9.5)

years. Of this group, 11 patients were diagnosed with AO/

OTA 42A1, eight with 42 A2, six with 42 A3, four with 42

B1, three with 42 B2, and one with 42 C2 tibia fractures.

Eight of these cases were open fractures (six Gustilo–An-

derson type 1 and two type 2). The most common mech-

anism of injury was a motor vehicle accident in 18 patients,

followed by falls from a height in 15 patients. A mini-open

reduction was needed in four patients. None of the ipsi-

lateral fibula fractures needed fixation.

Removal of one or more screws was performed in five

patients due to skin irritation, and all implants were

removed in three patients at the patients’ requests. There

were three superficial wound infections that were treated

successfully with antibiotics and daily dressing. Thigh

muscle atrophy was noted in two patients at last follow-up,

and none of them had AKP. No limitation of knee flexion

or extension deficit was noted in any patient.

Inter-observer reliability was excellent for Insall–Salvati

and Caton–Deschamps indexes on 30� lateral knee radio-

graphs (r = 0.967 and r = 0.990, respectively; Table 1;

Figs. 2, 3).

Clinical assessment showed that 10 patients (30 %) had

AKP at the last follow-up. HSS (p = 0.06) and Lysholm

(p = 0.06) scores and the presence of AKP (p = 0.16)

were similar between patients who had implant removal

and who still had the IM nail. HSS score and Insall–Salvati

and Caton–Deschamps indexes were significantly lower in

the operated extremity than the healthy limb at last follow-

up (p = 0.0001; Table 2).

Fig. 1 Measurement of superior nail prominence (A, the distance

from the proximal tip of the nail to the tibial plateau) and anterior nail

prominence (B, the distance from the anterior tip of the nail to the

anterior tibial cortex) on the CT

Eur J Orthop Surg Traumatol (2017) 27:133–139 135

123



Nonetheless, the patellar tendon on the injured side was

shortened. Neither tendon shortening nor radiographical

measurements correlated with AKP at the last follow-up.

No association was demonstrated between AKP and nail

position in relation to the anterior tibial cortex (p = 0.23)

or tibial plateau (p = 0.50; Table 3).

The mean time to full weight bearing was nine (±5)

weeks. Functional knee scores and patellar tendon short-

ening were not correlated with distance between the

proximal locking screw and the joint line, shortening of the

extremity, time of weight bearing, knee range of motion, or

the nail position in relation to the anterior tibial cortex or

tibial plateau (Table 4).

Discussion

Chronic AKP is one of the most common complications

after tibia intramedullary nailing [1, 2, 6, 8]. However, the

etiology is still unclear, reportedly occurring in 86 % of

patients, independent of the surgical approach used [6].

The key contributions of this study are evaluation of pos-

sible changes in patellar tendon length after tibia intra-

medullary nailing surgery using a transtendinous approach

and assessment of the importance of nail position in rela-

tion to the anterior tibial cortex and joint line.

A transtendinous approach was used in our study.

Although higher rates of chronic AKP with a transtendi-

nous approach have been reported [8, 12], Toivanen et al.

failed to detect any difference between transtendinous and

paratendinous approaches in their prospective, randomized

study [6]. The patella is adapted to large muscle forces with

its incongruent femoral contact geometry by having thick

cartilage [1, 2, 13]. Peak contact forces were measured in

the range of 60–90� of flexion, and biomechanical studies

have shown that a shorter patellar tendon causes more

contact force [1, 13]. Devitt et al. showed that regardless of

the approach, the contact pressures at the patellofemoral

joint increase significantly with the insertion of an IM nail

[1]. They also observed that chondral injury is more likely

with a transtendinous approach, which may increase risk of

AKP [1].

In the literature, there are opposing views on the rela-

tionship between AKP and patellar tendon shortening.

Table 1 Intraclass correleation

of Insall–Salvati and Caton–

Deschamps indexes

Mean ± SD Median n Min–Max pw Intraclass correlation

Insall–Salvati

Observer I 1.07 ± 0.11 1.06 0.87–1.40 0.607 r = 0.967/p = 0.000

Observer II 1.08 ± 0.12 1.08 0.90–1.40

Difference -0.01 ± 0.04 0.00 -0.14–0.06

Caton–Deschamps

Observer I 0.80 ± 0.14 0.79 0.49–1.12 0.445 r = 0.990/p = 0.000

Observer II 0.80 ± 0.14 0.80 0.49–1.10

Difference -0.01 ± 0.03 0.00 -0.10–0.05

w Wilcoxon’s test/intraclass correlation

Fig. 2 Inter-observer reliability for Insall–Salvati index

Fig. 3 Inter-observer reliability for Caton–Deschamps index
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Especially in ACL surgery, there are several studies on

patellar tendon length and AKP. Hantes et al. reported

approximately 10 % shortening of the patellar tendon after

patellar tendon bone harvesting in ACL reconstruction

surgery and did not find a correlation between patellar

tendon shortening and AKP [14]; others have confirmed

this lack of correlation [14–17]. On the other hand, Aglietti

et al. showed a shortening of the patellar tendon in 17 % of

patients and demonstrated a significant correlation between

AKP and patellar tendon shortening [18], in agreement

with the findings of Duri, Kartus, and Muellner

[17, 19, 20]. We evaluated patellar tendon length changes

by comparing both healthy and injured limbs in terms of

the Insall–Salvati and Caton–Deschamps indexes of the

knees. In our study, there were statistically significant

differences between healthy and injured knee Insall–Sal-

vati and Caton–Deschamps indexes, demonstrating short-

ening of the patellar tendon length on the injured side.

Nevertheless, there was no correlation between AKP and

patellar tendon shortening, in contrast to our expectations.

We did not measure patellar tendon length directly because

we wanted to know investigate potential sagittal

malalignment.

Some authors have suggested that nail position, impro-

per insertion point, anterior meniscus horn and cartilage

injury, and prominence are important in the development

of AKP [3, 6, 7, 21]. Darabos et al. reported that AKP was

associated with nail position [15]. In their study, distance

from the insertion point over the anterior cortex to the joint

line (NJ) and distance from the tuberositas tibia (NT) were

measured on lateral knee X-rays. They concluded that AKP

was more likely to be a problem if NJ was greater than

0.6 mm and NT was greater than 2.6 mm [15, 16]. Bhat-

tacharyya et al. measured the nail-apex distance as the sum

of the superior prominence and the anterior prominence

and found that knee pain was minimized if the nail-apex

distance was less than 2.5 mm [22]. However, Chen et al.

reported no relationship between AKP and NJ or NT [20].

In our study, we found no correlation between AKP with

nail position in relation to the anterior tibial cortex or tibia

plateau (Table 3).

The distance between the proximal locking screw and

the joint line has not been investigated or reported in the

literature. Our results showed that there was no significant

relationship between the proximal locking screw to the

joint line or clinical scores, such as HSS and Lysholm

(Table 3).

Range-of-motion exercises were initiated on the second

postoperative day, and patients were advised to use two

crutches with touchdown weight bearing in the first

Table 2 Insall, Caton and HSS

comparison with the uninjured

extremity

Min–Max Median Mean ± SD px

Insall 0.9–1.4 1.1 1.1 ± 0.1 0.045

Insall (uninjured extremity) 0.7–1.5 1.1 1.1 ± 0.2

Caton 0.5–1.1 0.8 0.8 ± 0.1 0.000

Caton (uninjured extremity) 0.6–1.2 0.9 0.9 ± 0.1

HSS 62–100 97 90.7 ± 10.9 0.000

HSS (uninjured extremity) 72–100 98 97.1 ± 5.6

x Wilcoxon’s test

Table 3 Nail position and clinical parameters comparison between the presence or absence of AKP at last follow-up

Anterior knee pain (?) Anterior knee pain (-) py

Mean ± SD Median (Min–Max) Mean ± SD Median (Min–Max)

Distance between proximal locking screw

to the joint line*

35.0 ± 21.0 29 (9–67) 28.6 ± 14.3 27 (10–67) 0.527

Nail position in relation to the anterior

tibial cortex*

11.4 ± 10.0 12 (0–28) 5.6 ± 3.9 5 (0–13) 0.233

Nail position in relation to the joint line

in sagittal plane*

13.2 ± 8.7 10 (7–26) 10.6 ± 9.6 8 (2–43) 0.508

Knee flexion (degree) 136.5 ± 14.9 143 (120–150) 135.2 ± 12.7 130 (110–155) 0.904

Time to full weight bear (month) 2.7 ± 1.9 2 (1–7) 2.0 ± 1.4 2 (0–6) 0.300

* Measurements were taken in CT scans
y Mann–Whitney U test/v2 test
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2–3 weeks and then proceeded with full weight bearing as

tolerated. The mean time to full weight bearing was nine

(±5) weeks. Our results also showed that there was no

relationship between patellar tendon length and time of

weight bearing or knee range of motion (Table 4).

In the presence of AKP, nail removal should be con-

sidered. Keating et al. noted that 49 of 61 (80 %) patients

with AKP required nail removal, while pain was com-

pletely relieved in 22 patients and partially relieved in 17

[8]. Boerger et al. reported 16 patients who had undergone

nail removal due to AKP and in nine patients AKP was

‘cured’ [1]. Court-Brown et al. reported 17 of 62 patients

where AKP resolved completely after implant removal [1].

In our study, we had to remove three nails due to AKP and

symptoms were relieved in two patients.

This study has some limitations, most of which were

inherent to its retrospective design and the relatively small

study group. Assessment of clinical outcomes was limited

to chart documentation, which was incomplete in some

cases, as can be expected in a long-term study of this

nature. This study has the strength of including both legs so

that the uninjured leg serves as a control group.

Conclusions

According to our study, although the patellar tendon

shortens significantly on the affected side, these measure-

ments did not correlate with the presence or absence of

pain. AKP and functional knee scores after tibia IM nailing

using a transtendinous approach were not associated with

nail position in relation to the anterior tibial cortex or tibial

plateau, time to full weight bearing, or knee range of

motion.
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