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ORIGINAL ARTICLE



Long-Term Follow-up of Tibial Shaft Fractures Treated With Intramedullary Nailing Kelly A. Lefaivre, BScH, MD, FRCSC,* Pierre Guy, MD, MBA, FRCSC,* Holman Chan, BSc, MD,† and Piotr A. Blachut, MD, FRCSC*



Objective: We conducted a study to evaluate the long-term functional outcomes of patients with an isolated tibial shaft fracture treated with locked intramedullary nailing.



Design: Prospective cohort and retrospective clinical and radiographic assessment.



Setting: A level 1 trauma and tertiary referral center. Patients/Participants: We identified 250 eligible patients with isolated tibia fractures from the Center’s prospectively enrolled orthopaedic trauma database between 1987 and 1992. A total of 56 patients agreed to participate. We had a median follow-up of 14 years, with a range from 12 to 17 years.



Intervention: All enrolled patients were initially acutely treated with locked intramedullary nailing of their tibia. Main Outcome Measurements: All enrolled patients were evaluated with the SF-36 and Short Musculoskeletal Functional Assessment functional questionnaires and an injury-specific questionnaire focusing on knee pain and symptoms of venous insufficiency. A subgroup of patients were evaluated radiographically and by physical examination.



motion of the ankle. Nine patients (27.3%) had persistent quadriceps atrophy, and the same rate was observed for calf atrophy. Twenty-five patients (75.8%) had no tenderness to anterior knee palpation. Of the 31 radiographically examined patients, 11 patients (35.4%) showed evidence of arthritis despite the absence of radiographic malalignment. Five patients (16.1%) had at least mild osteoarthristis of at least one knee compartment, 5 (16.1%) had at least mild osteoarthristis of the tibio-talar joint, and 1 (3.2%) had osteoarthristis of both, despite the absence of malunion. Self-reported knee pain was not correlated with the presence of a tibial nail or radiographic nail prominence. Similarly, knee tenderness on examination was not correlated with these factors.



Conclusions: At a median 14 years after tibial nailing of isolated tibial fractures, patients’ function is comparable to population norms, but objective and subjective evaluation shows persistent sequelae which are not insignificant. This study is the first to describe the long-term functional outcomes after tibial shaft fractures treated with intramedullary nailing nails. It may allow surgeons to better inform patients on the expected long-term function after intramedullary nailing of a tibia fracture. It may also prove useful when comparing intramedullary nailing nailing to other treatment techniques. Key Words: tibia fracture, fracture fixation intramedullary (J Orthop Trauma 2008;22:525–529)



Results: The mean normalized SF-36 scores (physical composite score—PCS 48.9, mental composite score—MCS 51.8) and the mean normalized Short Musculoskeletal Functional Assessment scores (50.7) (bothersome index, functional index) were not statistically different (P . 0.05) from reference population norms. Of the questionnaire group (n = 56), only 15 (26.7%) denied knee pain with any activity whereas 41 patients (73.2%) had at least moderate knee pain. With respect to swelling, 19 (33.9%) reported asymmetrical swelling affecting the injured limb. However, of the 33 physically examined patients, only 6 (18.2%) had objective evidence of venous stasis. Knee range of motion was equivalent to the unaffected side in all but two patients (93.9%) whereas 14 (42.4%) had a restricted range of
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INTRODUCTION Intramedullary nailing has become the treatment of choice for displaced diaphyseal fractures of the tibia in adults.1–7 A commonly cited complication of this injury treated by this method is anterior knee pain.1,3,4,8–20 This has been associated with the approach for nail insertion, and the influence of entry point has also been extensively investigated.7,12,13,15,18 Research has also suggested that patients have a significant rate of both subjective and objective complications at 3-year follow-up.10 There have been multiple reports to support the superiority of intramedullary nailing to other methods of treatment with respect to return to weight bearing and work.5,21 However, one series indicated that at the limit of their follow-up (22 months), 18% of patients had not yet returned to their previous occupation whereas 29.5% had not yet returned to their previous level of recreation.13 Further, it has been shown that even a very small amount of residual angulation in the united fracture alters load through the knee and ankle joints.22 The evidence in the literature on the effects of tibial angular malunion in lower extremity outcomes is conflicting; however, this alteration in force could cause a predisposition to osteoarthritis.22–25
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Although authors including Koval, Court-Brown, Keating, Habernek, Larsen, Toivanen, Kakar, and Vaisto have all provided information on the follow-up of tibial shaft fractures treated with intramedullary nailing nails,2,8–12,14,17,19 the longest mean follow-up in these studies is 8.1 years. As the majority of patients with this injury are young, the question of long-term outcome remains.14,15 Our database of orthopaedic trauma patients provided an opportunity to seek out and evaluate patients at up to 17 years after treatment and establish their long-term outcome.



PATIENTS AND METHODS Subjects With ethics board approval, we selected all patients who were treated for an isolated tibial shaft fracture with an intramedullary nailing nail at the authors’ institution between 1987 and 1992. All anatomic locations of fracture were included provided they were treated with an intramedullary nailing nail, and all patients with other injuries were excluded. These patients had all been enrolled in a prospectively collected orthopaedic trauma database, in which all admissions and discharges are entered on a weekly basis. All patients had been discharged from follow-up once their fractures had united. An initial attempt was made to contact all 250 eligible patients by mail. This was followed by an attempt to find more recent addresses or next of kin using the hospital database and publicly available Internet resources. A second package was mailed whenever a more recent address was found. Finally, an attempt was made to contact subjects by telephone using the same resources. We enrolled 56 patients, all of whom provided written consent. Demographic information and injury information on all patients was available through the database. Of the 56 patients enrolled in the study, there were 13 women (23%) and 43 men (77%). At the time of follow-up, the average age of the female patients was 49 years and of male patients was 48.3 years. The overall average age at time of injury was 34.4 years. The range of follow-up was 12–17 years, with a median of 14 years. All sustained an isolated tibial shaft fracture. Of these injuries, 40 were closed (71.5%), 7 were type I open (12.5%), 3 were type II open (5.3%), and 6 were type III open (10.7%).26 There were 2 patients who required urgent fasciotomies. Of the 56 fractures, 40 (71.4%) were middle 1/3 and 16 (28.6%) were distal 1/3. No patients with proximal tibial fractures were seen in long-term follow-up. Our subgroup was a representative sample of the eligible 250 patients. In the larger group, 183 (72.5%) were men and 67 (27.5%) were women and the mean age was 36.2 years. The distribution of soft tissue injuries was as follows: closed 180 (72%), type I 25 (10%), type II 25 (10%), and type III 20 (8%). Middle 1/3 fractures accounted for 167 (66.8%), distal 1/3 for 65 (26%), and proximal 1/3 for 18 (7.2%) These factors all failed to show a statistically significant difference from the enrolled study group by x2 test (P . 0.05).



Questionnaires All patients were asked to complete a study-specific questionnaire and 2 functional outcomes questionnaires, the
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SF-36 and Short Musculoskeletal Functional Assessment (SMFA). The SF-36 is a validated and well-recognized functional questionnaire constructed on a normal population and published by Ware et al.27 Patients are asked a series of questions which are divided into 8 categories rating their overall function and well-being. The categories are combined to a physical component score (PCS) and a mental component score (MCS). These data were normalized to a population mean of 50 as described by the American Academy of Orthopaedic Surgeons.28 Similarly, the SMFA is a validated functional outcome score. It was specifically designed for musculoskeletally injured patients and has published normative data.29 Patients are assigned an individual normative score, and the summative scores from the functional index and the Bothersome Index are usually reported. Population sample scores have also been standardized and normalized by work from the American Academy of Orthopaedic Surgeons, giving a single score out of 100, with a population mean being 50.28 Finally, each patient was also asked to complete a two part study-specific questionnaire. The first was modeled after Court-Brown’s 10-point analog scale used on a similar group of patients, aimed at knee pain with activity on the affected limb.9 Patients were asked to rate their knee pain while doing 8 activities: kneeling, squatting, going downstairs, going upstairs, after sitting for 30 minutes, walking, running, and resting. The pain was rated on a 10-point scale: 1–2 (experience no pain), 3–4 (occasional pain but does not limit my activity), 5–6 (pain sometimes and only do this activity occasionally), 7–8 (almost always have pain and avoid this activity whenever possible), and 9–10 (cannot do this activity). The second part of the study-specific questionnaire was aimed at symptoms of venous insufficiency in the affected and the contralateral limb. Patients were asked whether they experienced swelling in both the affected limbs and/or the contralateral limb after activities or prolonged standing.



Physical and Radiographic Evaluation Of the 56 patients in the study, a subset of 33 agreed to return for evaluation and the remaining 23 were limited by geographic location. Each of the 33 patients underwent a physical examination. The physical evaluation was divided into 7 items. Both knees and ankles were evaluated for range of motion and crepitus. Both knees were evaluated for points of tenderness about the knee: at the medial joint line, the lateral joint line, the popliteal fossa, the patellar articular surface, the patellar tendon, and the tibial tubercle. The latter 3 areas were considered ‘‘anterior knee.’’ Both legs were measured for true leg length, from Anterior superior iliac spine to medial malleolus and thigh and calf circumference. A ligamentous examination and provocative testing for meniscal pathology was carried out on both knees. Both legs were evaluated for signs of edema, which was rated on a scale of 0–2 (0 none, 1 mild edema, and 2 severe edema). In addition, the venous status was further evaluated by noting the presence of erythema/pigmentation, venous distention, induration, and ulceration. The neurologic status of both lower extremities was evaluated by motor power (0–5) in all muscle groups and q 2008 Lippincott Williams & Wilkins
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sensation (2 normal, 1 decreased/abnormal, and 0 none) in all peripheral nerve distributions of the lower leg and foot. Vascularity was evaluated by capillary refill (1 , 5, 2 , 2 seconds) and pulses (2 normal, 1 decreased, and 0 not palpable). Finally, 31 of the 33 patients agreed to have full-length radiographs of their affected lower leg, including the knee and ankle. These were used to establish nail presence, presence of locking screws, prominence of nail at the knee, and heterotopic ossification and alignment. A malunion was defined as greater than 5 degrees of angulation in any plane. Further, the radiographic evidence of osteoarthritis was evaluated in both the knee and ankle using a classification system based on Kellgren and Lawrence30 (0 no evidence, 1 minimal osteophyte formation, 2 definite osteophyte, minimal loss of joint space, 3 significant joint space loss, and 4 complete loss of joint space with ‘‘bone-on-bone’’ arthritis). This classification system has been demonstrated to have excellent intra- and interobserver reliability in its components and as an overall score.31 This radiographic evaluation was individually determined by the first and senior authors and differences resolved by consensus between the first, second, and senior authors, with the second author acting as an arbitrator.



RESULTS Questionnaires The SF-36 scores for our population were as follows: average PCS 48.9 (27.6–62.9) and average MCS 51.8 (21.8– 62.5). The SMFA average score for our group was 50.7 (41.9– 79.2). One-sided t test calculation showed that the SF-36 PCS, SF-36 MCS, and SMFA mean scores for this study population were all not statistically significantly different (P . 0.05) to the normalized population values of 50. In the study-specific questionnaire on knee pain, patients were asked to rate their knee pain on a scale while doing 8 different activities. The average score was then determined for each patient, allowing each patient to be categorized into 1 of 3 groups. Of the 56 patients, 15 (26.8%) reported no pain while doing any activities (0–2.0). In the largest group, 25 (44.6%) reported an average of moderate pain (2.1–4.0), which represented occasional pain that was not limiting to any activities. The remaining 16 patients (28.6%) fell into the moderate, severe, or disabling categories. Of these 16, 14 patients reported moderate pain (4.1–6.0), meaning they had pain sometimes and on average only did the activity in question sometimes whereas 2 patients were in the severe category (6.1–8.0). These patients reported almost always having pain with some activities and avoiding them whenever possible. One patient had disabling pain and reported being unable to do most activities because of knee pain. When these questionnaires are evaluated looking at individual activities, 30 patients (53.6%) reported pain that was limiting (5.1–6.0) during at least 1 of the 8 activities. The questionnaire on symptoms of venous insufficiency asked patients to rate their swelling in the affected limb and the contralateral side while doing activities or after prolonged standing. Of the 56 patients, 35 (62.5%) reported no swelling at all. Two patients (3.5%) reported symmetrical swelling while doing several activities and were excluded. The q 2008 Lippincott Williams & Wilkins
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remaining 19 (33.9%) reported asymmetrical swelling after at least one activity or with prolonged standing. Of these 19 patients, 10 (52.6%) had open fractures. In the 37 that did not report asymmetrical swelling, only 7 (19.0%) were open fractures. A Fisher exact test showed this difference to be statistically significant (P = 0.014).



Physical and Radiographic Evaluation The physical assessment was divided into 8 categories. range of motion: There was no side-to-side difference in range of motion in the knees of 93.9% of patients; however, there was in ankle range of motion. In 19 (57.6%) patients, there was no difference. In the remaining 14 (42.4%), there was a loss in ankle arc of motion: 5 patients had a 5–10 degree loss, 5 patients had a 10–15 degree loss, 2 patients had a 10–20 degree loss, and the final 2 patients had greater than 20 degree loss in range of motion compared with the contralateral limb. Only 3 (21.4%) of these 14 patients had radiographic evidence of ankle arthritis. During the physical examination for tenderness around the affected and contralateral knee at 6 sites, 25 (75.8%) patients had no anterior knee pain, and none of the patients had any contralateral anterior knee tenderness. The remaining 8 patients (24.2%) had tenderness at only the anterior knee. Five of these 8 patients were in the group that reported at least moderate knee pain on the questionnaire. There were no leg length discrepancies in our patient population. Thigh circumference was measured at one hands breadth above the superior aspect of the patella and was found to be different in 11 (33.3%) of 33 patients. In 9 (27.3%) of these patients, the affected limb was small by a margin of 0.5–1.0 cm. In the remaining 2, the affected limb was larger. Calf circumference: this was measured as the maximum circumference at any point on the calf. Here, there were 13 (39.4%) of 33 patients with a side-to-side difference. Again 9 (27.3%) patients had a smaller calf on the affected limb by a margin of 0.5–1.0 cm whereas the other 4 had a larger calf on the affected limb. There was no ligamentous or meniscal pathology clinically detected on any of the 33 patients. Further, there was no difference in arterial supply between limbs on any of the patients, as measured by pulses and capillary refill. There was a difference in neurologic function found in only 2 patients. One patient had a high-energy open injury with a complete injury of the deep peroneal nerve at that time. A second patient had been left with mild numbness in his first web space after a compartment syndrome. In the category of signs of venous stasis, 5 (15.2%) had at least one sign. Three had mild edema whereas 2 had severe edema with venous distension. None had had a documented deep vein thrombosis. All these patients had reported asymmetrical swelling with activity and prolonged standing on their questionnaires. Our long-term radiographic review (31 patients) revealed no tibial nonunions or malunions. There was one fibular nonunion, which was asymptomatic. Formerly, tibial nail removal was fairly routine at our institution, while more recently, this was done only if patients complained of significant symptoms. At the time of review, there were 13 nails present, with 18 having been removed. Of the nails that
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were present, 9 had been dynamized. There was one broken proximal locking bolt still present in one patient who had had the nail removed. Of the 13 patients with nails present, 8 nails were prominent, between 0.3 and 0.5 cm. Fisher exact testing of these categorical data showed no relationship between knee pain on questionnaire and nail prominence and no relationship between tenderness on physical examination and nail prominence (P . 0.05). It similarly showed no relationship between knee pain and knee tenderness with the simple presence of the nail. The evaluation of radiographic evidence of osteoarthritis was carried out on all 31 patients. Eleven of the 31 patients (35.4%) were found to have some evidence of osteoarthritis. Five patients had only evidence in the affected ankle, and these cases were all mild (I). Five patients had evidence in the knee only, with cases involving all 3 compartments. One case was mild (I), 2 moderate (II), and 2 advanced (III). One patient had advanced knee arthritis and mild ankle arthritis. The mean age at follow-up of the group with no arthritis was 49.2 years whereas the average age of the group with arthritis was 45.0 years. This difference was not statistically significant by t test.



DISCUSSION Intramedullary nailing is the treatment of choice for displaced diaphyseal fractures of the tibia in adults1–7 and is a frequently performed operation for both the community and subspecialized orthopaedic surgeons. Patients with this injury are generally young. The average age of patients treated with this method at our center between 1987 and 1992 was 34.4 years. For a patient of that age, information related to long-term outcome is important. This study aimed to report the long-term outcomes of patients treated with intramedullary tibial nail using functional outcome scores, focused patient questionnaires, and standardized physical examination and radiographic assessment. Habernek et al10 suggested that patients have a significant rate of both subjective and objective complications at 3-year follow-up. Previous follow-up studies also indicate that at the limit of their follow-up (22 months), 18% of patients had not yet returned to their previous occupation whereas 29.5% had not yet returned to their previous level of recreation.14 Using 2 validated functional outcome scores, we showed that our study population had average SF-36 scores (MCS: 51.8, PCS: 48.9) and average SMFA scores (50.7) which were smaller than the accepted clinically relevant difference of 5 and in fact not statistically significantly different from the population norms of 50. One frequently discussed complication of this treatment method is anterior knee pain.1,3,4,8–20 Habernek reported a knee pain incidence of 31% at 3 years10 whereas Court-Brown reported an incidence of 56.2%.9 Court-Brown also reported that knee pain was worse in younger patients and frequently required nail removal. There was no correlation between anterior knee pain and nail prominence. Keating reported an incidence of knee pain of 45.2% at 22 months14 whereas Toivanen reported an incidence of 69% at 1.5 years after nail removal.8 Although many authors have discussed this complication and its possible causes, the longest cited mean
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follow-up remains at 8.1 years.17 Other series have shown some improvement in anterior knee pain over time.17 However, in our 14-year follow-up, we found a comparable result to previous shorter term follow-up. Of 56 patients, 28.6% reported at least moderate knee pain. Bhattacharyya et al32 found a correlation between nail prominence and increased knee pain at 20 months after fracture. However, we found no statistical correlation (x2 test, P . 0.05) between reports of at least moderate knee pain and either presence or prominence of the implant. Further, on examination, 24.2% (8) patients had isolated tenderness around the anterior knee: the patella, patellar tendon, or tibial tubercle. Again a statistical relationship (x2 test, P . 0.05) could not be established between knee tenderness and either presence or prominence of the implant. One advantage of early fixation is the ability for early range of motion of both the knee and ankle. Authors have shown a loss of knee range of motion in the early postoperative period14 and a 10% loss of ankle range of motion at 33 months.10 In contrast, in the present report at an average of 14 years after injury, we noted rare difference in knee range of motion. However, we did find a loss of ankle range of motion in 14 of 33 patients (42.4%), ranging from 5 to more than 20 degrees. This is of unknown clinical significance at this time. Three of these patients were in the group that had radiographic evidence of mild osteoarthritis. In our center, we do not routinely prescribe DVT prophylaxis in the skeletal trauma patient with an isolated injury below the level of the knee. Aitken et al33 published a long-term study looking at late venous complications in patients with tibia fractures treated nonoperatively, with an average 11-year follow-up. They found an incidence of postphlebitic signs in 49% and symptoms of 51%. In our group of 56 patients at an average of 14-year follow-up, we found a lower incidence than this study, but an important number nonetheless. Nineteen (33.9%) reported asymmetrical swelling with at least one activity. Two patients reported swelling while doing several activities, but symmetrically distributed in their self-report for the other limb. There was a statistically significant association between open injuries and complaint of asymmetrical venous symptoms at follow-up (P = 0.014). With regard to signs of venous stasis, 5 of 33 (15.2%) had signs of venous stasis. Three had mild edema whereas 2 had moderate edema with venous distension. These were all patients who had reported venous symptoms. These findings do bring about the question of whether there is a significant rate of unrecognized DVT in this population. Previous studies have examined population prevalence of radiographic arthritis. Sowers et al34 found a rate of knee osteoarthristis of 8.5% in 40-year-old females. Furthermore, it has been shown that residual angulation in the united fracture, even a very small degree, alters load through the knee and ankle joints.22 The evidence in the literature on the long-term clinical effects of tibial angular malunion is conflicting; however, this alteration in force could cause a predisposition to osteoarthritis.22–25 Despite having no malunions, we found radiographic evidence of osteoarthritis in 11 of 31 (35.4%) patients. The average age of the arthritis group was 45.0 years at follow-up whereas the age of the radiographically normal group q 2008 Lippincott Williams & Wilkins
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was 49.15. This difference in age between the 2 groups was not statistically significant by t test. Most of these cases were mild, and the long-term significance of this finding is not known. This study involves prospectively collected data on retrospectively identified patients, with the expected limitations of such a study design. The enrollment of 56 of a possible 250 subjects (22.4%) is low and reflects the instability of a young trauma population. There was no statistically significant difference measured between the larger group and the study group with respect to demographic and injury data. In addition, there was no radiograph of the contralateral limb taken as the contralateral limb was asymptomatic in all patients. Although potentially useful as a comparison on scientific grounds, the authors could not ethically justify the additional test and its ionizing radiation exposure. Overall, intramedullary nailing is an effective treatment for fractures of the tibial shaft. At a median follow-up of 14 years, 41 patients reported at least moderate knee pain (73.2%). Objectively, 24.2% of patients had anterior knee tenderness. Furthermore, 33.9% reported symptoms of venous insufficiency whereas 15.2% had objective signs at evaluation. Moreover, 35.4% have radiographic evidence of osteoarthritis. Despite these findings, our patient group functional outcome scores are not statistically different from population norms. This paper provides a truly long-term follow-up of tibial shaft fractures treated with intramedullary nails. This information may prove useful in advising patients of likely longterm outcomes and in future comparisons to other methods of fixation. REFERENCES 1. Bone LB, Sucato D, Stegemenn PM, et al. Displaced isolated fractures of the tibial shaft treated with either a cast or intramedullary nailing. An outcome analysis of matched pairs of patients. J Bone Joint Surg Am. 1997;79:1335–1341. 2. Court-Brown CM, Christie J, McQueen MM. Closed intramedullary tibial nailing. Its use in closed type I open fractures. J Bone Joint Surg Br. 1990; 72:605–611. 3. Karladani AH, Granhed H, Edshage B, et al. Displaced tibial shaft fractures: a prospective randomized study of closed intramedullary nailing versus cast treatment in 53 patients. Acta Orthop Scand. 2000;71(2):160–167. 4. Alho A, Benterud JG, Hogevold HE, et al. Comparison of functional bracing and locked intramedullary nailing in the treatment of displaced tibial shaft fractures. Clin Orthop Relat Res. 1992;277:243–250. 5. Toivanen JA, Hirvonen M, Auvinen O, et al. Cast treatment and intramedullary locking nailing for simple and spiral wedge tibial shaft fractures—a cost benefit analysis. Ann Chir Gynaecol. 2000;89(2):138–142. 6. Toivanen JA, Kyro A, Heiskanen T, et al. Which displaced spiral tibial shaft fractures can be managed conservatively? Int Orthop. 2000;24:151–154. 7. Webb LX, Bosse MJ, Castillo RC, et al. Analysis of surgeon-controlled variables in the treatment of limb-threatening type-III open tibial diaphyseal fracture. J Bone Joint Surg Am. 2007;89-A:923–928. 8. Toivanen JA, Vaisto O, Kannus P, et al. Anterior knee pain after intramedullary nailing of fractures of the tibial shaft. A prospective, randomized study comparing two different nail-insertion techniques. J Bone Joint Surg Am. 2002;84-A:580–585. 9. Court-Brown CM, Gustilo T, Shaw AD. Knee pain after intramedullary tibial nailing: its incidence, etiology, and outcome. J Orthop Trauma. 1997;11:103–105. 10. Habernek H, Kwasny O, Schmid L, et al. Complications of interlocking nailing for lower leg fractures: a 3-year follow up of 102 cases. J Trauma. 1992;33:863–869.
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